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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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Questions of law or Procedure arige frequently, especially in
operating aboard g vessel engaged in internationa] service and
the text of these three documents are not elsewhere available
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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-
mitted 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
(f)r so. It constituted a radio telegraph system in its simplest
orm,

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 vacuum 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
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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.
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CHAPTER 1
ELEMENTARY ELECTRICITY AND MAGNETISM _

1. Electricity and Matter—One often hears an expression
among laymen such as—“ 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 itsélf. It 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 body 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 be
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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4 RADIO MANUAL

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. However, at this date physicists consider a
negatively-electrified body 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—
Each kind of atom has its own particular arrangement 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 electrically 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 body 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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ELECTRICITY AND MAGNETISM §

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 by 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 between the rod and wool produced a
charge on each. In other words, electrons were removed from the
wool by 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. It acquired the charge by contact. It will now
be noticed that the rod repels the pith ball. The condition now
exists where like charges repel.
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6 RADIO MANUAL

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

I. Unlike charges attract. (Positive and negative chatrges 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.

Fre. 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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ELECTRICITY AND MAGNETISM 7

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. -

poéitively 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 I e Conductor
s
—
—
—_—

——
——
—

—
A—_Direction of displacement

++++++++/

F1c. 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. '
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8 RADIO MANUAL

5. Potential—When we speak of electric potential we mean
electrical pressure, When more electrons are crowded upon a

SURPLUS oK ELECTRONS DEFICIT Oor ELECTRONS
NEGATIVE POTENTIAL POSITIVE POTENTIAL

—-— B
DIRECTION OF ELECTRON FLOW

HIGH NEGATIVE POTENTIAL LOW NEGATIVE POTENTIAL

—_— (o]}
DIRECTION OF ELECTRONM FLO

a. Electrons and Difference of Potential—Consider a pair of
bodies charged as shown in the top portion of figure S5as 4 and B.
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ELECTRICITY AND MAGNETISM 9

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 A4 to B.
Consequently the flow of electrons would constitute a flow of
electric current, as electrons really are the current. The number
of electrons flowing from A to B would depend upon the difference
of potential between 4 and B. The electrons would continue to
flow until there was no longer a difference of potential, that is, 4
and B would theén 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 body 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 recombine with the positive ion but instead oscillates
before settling down and the frequency at which it oscillates is such
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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10 RADIO MANUAL

the discharge period and consequently the intensity of the flash is
€Nnormous.

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. Later 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 between
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.f.

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

0. 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, weighing 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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ELECTRICITY AND MAGNETISM 11

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. See figure 6. Two or more cells together are

Rirection of ekclrons
Copper + —Zine
=51 |=1 - Directionof electrons
Suphuric acld —

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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12 RADIO MANUAL
is the sum of the voltage of each 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

Hi—

+ -+ -
Symbols

Series connection of cells

=0

wits

nF symols  +

Paralle/ cannectien of cells

FiG. 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 battery.

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 = Ghms I=z  5AmP = Chms
Volts = Ohms X Amperes IR=E 5 Amps, X 2 Ohms = 10 Volts
Volts E 10 Volts
Ohms=m R—-I— 20hms—m
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ELECTRICITY AND MAGNETISM 13

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.

Res/istances in Serres

4 Ohms 6 Ohms 8 Ohms

Total Resistance 18 Ohms

R/
4 Ohms

Re
6 Ohms

AW~
R3
8 Ohms

Resistances in Paralle/
Total Resistance | 8 Obms

F1c. 8. Series and parallel connection of resistance.

When the resistances are of unequal values their total resistance

is computed as follows:
I
R=tT v 1

—_— =

1 + R, "R
where R = the total resistance.

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

R=1 : 1='1%=I'80-hms'
it6TE o
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14 RADIO MANUAL

It is now clear that two or more resistances in parallel will con-
duct an electric current more 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, by 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 =1 X E.

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
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
the current from the battery is broken the
bar will not have the power of attrac- gy ¢ 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.”

WorldRadioHistory



ELECTRICITY AND MAGNETISM 15

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 been 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

. TFua
; Jed® A Aarh
\'3
% M
3 N Nagnetic

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 pole
attract. This clarifies somewhat a statement in the preceding par:
graph wherein it was noted that the end of the magnet pointin
toward the earth’s north pole was the north
seeking pole. It is commonly called the
north pole of the magnet, but according to
the theory of attraction and repulsion of the
poles of the magnet a north pole could not
be attracted by the earth’s north magnetic
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. 174
Hence, there is an angle between true north 7\

and the direction which the compass points, ‘\“l,;,;:
magnetic north. This angle is called ““an- NN

gle of declination.”

17. Magnet Field—If the field 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 magneti
lines of force start at a north pole and pass through a south pol
back to the north pole. See figure 11. They make various route
depending upon the magnetic substance near them but they alway
come back to their source. The space through which they pas
is called the ““ magnetic field.”

18. Permeability—Whether a body will be acted upon by
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 a
the product of the amperes passing through the conductor and th
number of turns or commonly called the “ampere turns.” Fo
example 100 amperes through 50 turns of wire gives the sam
result as 20 amperes through 250 turns, for 100 X 50 an
20 X 250 == 5000.

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

Repulsisn

Fic. 11. Relation ¢
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 piece 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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Fic. 11a. Arrange- Fic. 11b. Arrangement of
ment of Molecules in Molecules when Iron Bar is
_Ilgin Bar Not Magnet- Magnetized.
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 a
ammeter is made by placing a compass in the center of a coil o:
wire. The deflection of the needle is greater, the greater th
strength of current. )

Another type of ammeter and the one most commonly used i
made by having the magnet stationary and the coil movable. Th
moving coil principle was developed by a French scientist namec
D’Arsonval and is spoken of as the D’Arsonval movement. Figur,
12 shows the arrangement of this instrument.

e = —

35
WS
Shunt.

manent
magnet
lron core
Moving coil of Aluminum frame

fine wire

Fic. 12. Ammeter with D’Arsonval Movement.

Between the pole faces of a permanent magnet is placed a
iron core, allowing a gap between it and the pole faces larg
enough to permit an aluminum frame to swing freely. On thi
frame is wound a coil of very fine wire, through which a certai
percentage of the current to be measured passes. As this cur
rent passes through the coil, the latter becomes an electromagne
with north and south poles, which are immediately affected by th
north and south poles of the permanent magnet. Obeying th
magnetic law that like poles repel and unlike poles attract, th
north end of the electromagnet is drawn toward the south pole o
the permanent magnet and vice versa—which means that th
aluminum frame is swung around and the pointer attached to th
frame travels across the scale. Every meter of this type is i
reality a millivoltmeter (millivolt—1/1000 of a volt) as the co
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ELECTRICITY AND MAGNETISM 19

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. i

An example will describe how these resistances and shunts are

calibrated.
’gj\mehr
—F ‘'

Witneter

Lanm,
he Ialﬁr

eslsclorZE)

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

If there are 10 feet of fine wire on the aluminum frame 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 desired to measure is § amperes.
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).

FPull exerted nermally on digphragm by magnet

Diaphragm

Recelver n'vmdiq:

Hor s¢ 55oe magaet

Fic. 13a. Construction of Telephone Receiver.

The action of the receiver is as follows: The permanent magnet
attracts the diaphragm of the receiver, holdiLg 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
s0 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?
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Fi1c. 14. Electron in Fic. 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 fir
through the céil. The needle of the milliammeter will move, ind
cating the presence of a current. It will quickly come to res
Draw out the magnet. The needle moves again; but this time -
the opposite direction. Reverse the magnet and repeat above.
will be noticed that the needle moves but in the opposite directic
to its movement before the magnet was reversed. Use two ma
nets. The needle moves farther than with one magnet. T;
moving the magnet faster and slower; the faster it moves tl
more the needle moves—i.e., the stronger the current. Notice th:
a current flows when and only when there is relative movemer
between the magnet and the coil. Try moving the coil instead «
the magnet—the results are the same.

Substitute a piece of unmagnetized steel for the magnet. Ther
is no current. The difference between the magnet and the ste
is that the magnet is surrounded by magnetic lines of force. Thes
experiments show that whenever a conductor is cut by magnet:
lines of force there is a current produced. A current was produce
by * electromagnetic induction.” :

Investigate further by having a current produce the magnet
lines of force and they in turn producing a current. Substitu
an electromagnet for the magnet used in the previous experimen
Arrange a circuit as in figure 16. Press the key. The milliammete

= Fri.

T2 §

AR
When & current (s started or stopped in the
Primary circuit an £EMF (3 (nduced in the
Secondary by electro-magnetic induction.

Jeo.

. b
a4 5EEER

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 th
current by means of the key—the m.a. needle moves in the oppc
site direction and then comes to rest.

Insert an iron core in the coil of wire. The results are simila
but the current induced is much stronger. In this experiment th
conductor has been cut by magnetic lines of force. The circu
with the key is called the primary circuit—the other circuit, th
secondary circuit, making the circuit in the primary allows a cur
rent to pass in it which sets up a magnetic field. *This magneti
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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 e.m.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

—

+ A' B Current reaches 4
—_— ) a fraction of sece,
= 0nd hefore reaching

-T Ve !

Fic. 17. Counter E.M.F. of Self-Induction.

current does not flow instantaneously so that it reaches a point A
before it does B. The current passing through the turns of the
coil sets up 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 on the coil inducing an e.m.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—Mutual induction is the interaction
between two circuits by which a changing current in one sets up

MA.

Fic. 18. Induced Current by Mutual Induction.

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 both 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
self-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 deperids upon the
amount of self-inductance, or upon the amount of self-inductance
and mutual inductance combined. Every 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.) — .oo01 h. '
I micro-henry  (g. h.) — .oocooo1 h.
I centimeter  (cm.) — .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
coil, so called on-account of their peculiar
construction.

More recently there have appeared the
toroidal and the binocular coil, so called
from their shape. The extent of the mag-
netic field can be 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
S are used in modern radio receivers and their

¢=Binouclar coil purpose is to confine the magnetic fields of

Fic. 19. Practical the coils to prevent their reaction on earlier
Forms of Inductance stages in the line of amplification.
Coils Showing Elec- .
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 wha
might be called the capacity of the container. If the container is
connected to a tank containing water, a discharge will flow intc
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 tc
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

ﬂ }‘Mlmser Pplates .
A E_E]a
ielectric Sensitive
milliammeter
I | III——/_'
Key

Fic. 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 1o 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
7 A 1.0
[@F acosoooo00o000005000000a050800000000 605 4.0 to 10
1%} 00p0000000DACDOCADA00A000000000000000000 4.0 to
Hard Rubber ......cciiiiriiiiiiiiinenecaanns 20to 4
1EYFNINT  00000000000006000006805000000060 80000 2 to 3
Paper, dry .oooiiiiiiiriiiriiiiii i 1.5t0 3 °
Paper (Treated as used in cables) ............ 25to 4
Moulded Insulating Material, Shellac base ..... 4 to 7
Moulded Insulating Material, “ Bakelite” ...... 5 to 7.5
Transformer Oil .......iiiiiiiiiiiinennns 2.5
Water, distilled ........covviriiniiinainreran. 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, everythmg 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.

= % or C= %
E = potential,
Q =’quantity or charge,

C = capacity.

or Q0=CXE,

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

p fd.” = 000001 farad,
*1 “h p p £d.” = .000000000001 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=C1+C2+C3.

Connecting them in parallel is equivalent to adding the plate
areas. If three condensers of similar construction each having a
capacity of .004 u 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
. C =
I ) 1.
atata

If three condensers of .004 g fd. are connected in series, the
resulting capacity would be .0013 p fd. If three condensers of
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002, .003, and .004 p {d. were connected in series the resulting
capacity would be 00092 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

s
0OS M. A N
vosmse of 009 MPd. 002 Mrd
00 Hsd gL A
[ [.];wﬁz I o+ M-

- V.8 mfd, 0013, d Mpd
lb/l/e/;?{ﬁre Clp Jotel effective Cp 74#.1/0:7;«1/% cap

Condensers in paraliel Condensers of fice  Condensers o F unfive
CeCit (ot ralues in serfes. yqlues in Series. -
/T eat (3 o= —.‘;4

C:m
[ 3 T2 + ey
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 u 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 been shown that a condenser when first connected to a

em.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.

“s— T\
ol \ —
7 X
0 [[‘mlenser
p X / r
i N
) 1 Alternation->
1Cycle Al 6Gen Zamp

Fic. 22. Curve of One Fic. 23. Condenser in
Complete Cycle of Alternating Series with A.C. Cir-
Current. cuit.

Tt 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
WorldRadioHistory
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32 RADIO MANUAL

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 e.m.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.m.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

L nae s
|

%
L .

Fi16. 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-
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mum amplitude and would also tend to delay it from falling to zero.
The counter e.m.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 Z) 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 + X2.

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.f. occasioned by a condenser in series with an
alternating current is called capacity reactance. It is expressed :

q I
Capacity Reactance = m. )

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
time 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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1f 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

Voltage
4 :zrrenf
o, = 7N,
P 1” ‘\ ” \\ ,l \\
0 \\ l, - \\ /
=4 L Yy

Voltage and current Voltage and current Jworvolege curves in
curves with lagging in phase. apposite 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, ie., 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

. Wattmeter

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.

If 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
Culi\rlecb fz%hrezgltgg a given direct current which would produce
Alternating Current. the same power or heating effect.

Example: 1f 10 amperes of direct cur-
rent pass through a resistance of 2 ohms the power of the current
converted to heat will be I2R 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 + 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 value. 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. C

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 4B 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 T. The resultant mo-
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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.

two dissimilar metals, The value of
bination of metals and ordinarily in-

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

The theory of operation can be explained by referring to figure
The two dissi i

value of current as alternating current meters of radio frequency
variety read in “effective value ” just as do ordinary 6o-cycle or
500-cycle instruments,

40. Skin Effect—The ‘resistance offered by a wire to radio
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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 knpwn as the
resonant type of frequency meter, model 355, 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 1.

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 rormal 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

Xi Xz

1
T

0

\!

/ /

F1c. 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 inductance 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

I
6.28NL = 628NC

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 conmected 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 .00015 farad were connected in series
with a 60-cycle alternator the capacitive reactance would be:

I -
6.28 X 60 X .00015
= 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 = G8NC
Substituting,

6.28 X 60 X .046 = !

6.28 X 63 X .00015

In order to transfer energy from onme 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.

Jo source
of R.F current

Fic. 31. Showing How Resonancce' is Obtained in an Alternating Current
ireuilt,

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 ?roduce
a lower voltage than the input is called a “ step-down ™ trans-
former.

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.

open core transformer. Closed core transformer

Pri
Fie. 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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Fic. 33. Sectional View of Closed Core Transformer.

transformer is comparatively small.

ficiency of such transformers is very low.
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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
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 I to Io.

When an e.m.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 1n 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

>

Fic. 330. 2 KW. 500-Cycle Transformer. (American Transformer Co.)

the constant reversals of magnetism within the core considerable
energy is expended in ehanging 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 best 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

Phase 2.
Phase 1 . 1 2000 volt's X
. Pri. ' Pri
Sec Sec.
100 witS
70 load.

Fic. 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 permussion.
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be out of phase and local currents will circulate through the sec.
ondary coils, resulting in waste of energy and unnecessary heating.

”>—

_ PHASE ). _ J ﬁ.
- J J .
_ PHASE .2. J :l g Y
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¢ ¢
Fie. 340. 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.

» —

Puase 2,

Prase 1 ) 2000 vours [

voIrs | voirs

To Lloap.
Fic. 34b. Secondaries in Series and Primaries Connected to Same Phase.

See figure 346. 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 34b, 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—When three transformers are con-
nected as in figure 35, two coils are in series across each phase.
This is called a ¥ or star connection. When the primaries are
connected Y, the secondaries are usually connected in the same

way
2000 volts
2000 ra/n

Fre. 35. “Y ” or Star Connection of Three-Phase Transformers.

The terminals of the transformers may be connected, as in ﬁgure
36, thus forming a delta A or mesh connection.

Pri.

Sec.

" I %v \ /oy

Pri. 2000 vol?s
Rooo volts [
Sec. i E

"\

ol

Fic. 36. Delta ( A) or Mesh Connection of Three-Phase Transformers.

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.

70 mid fap filament trensformen

Positi igh
{guuf [umf Vortare Jir
Loy  \wied  Weeew

e Ry o Kr
%
j U Pri. 1 I
[Zla lzza I
Vol13 b yolts

Fic. 37. Dglta 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

Core —»

- ‘V/fﬁmfor
= O 7

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-another 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
v ' ’ a body of water as represented in
[ Warelength —! figure 39. The straight line C rep- .

/\ resents the surface of water when

H

p : it is at rest. The curves represent

c ~ ¢ the surface of the water at some
\/ V distant point. The tops of the -
curves are the crests or highest
Fic. 30. Graphical Representa- Points 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-
dium. 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: V== 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:

v
F==, A=

=l <

Example: What is the frequency if -the wave length is 300
meters ?
F= w = 1,000,000.
300
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 easily expressed in kilo-
cycles or megacycles. I kilocycle = 1,000 cycles, 1 megacycle
— 1,000,000 cycles. The frequency of 1,000,000 cycles can then
be 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. Experiment 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
up and down. Both the electro-
static and the electro-magnetic

. lines of force reverse their direc-

Fic. 40. Components of Radio ;0 every half wave length.
Wave Showing Direction of o :

Movement. ne 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 60 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 10,000 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

freld.

Direction gf electro-stafic

Direztion of electro-
magpetic field.
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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

£lect ro-

magnetic/ine

Electro - static
line

Farth
F1c. 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 formule 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
\f J

Fi6. 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.

ANVANYA
VoV

F16. 43. Undamped Waves.

60o. 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. TIts
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.
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CHAPTER 2
MOTORS AND GENERATORS

1. The Alternating Current Generator—The magneto such
as is used for producing current for operating polarized telephone
ringers is 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.m.f. in the rotary coil
it must move through the lines of force, and in 4, 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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F16. 44. Generation of Alternating Current by Telephone Magneto.

little beyond B the lines begin to change and voltage builds up
until C 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 A
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

Fic. 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-
fluctor and controls the variable magnetic flux as will be shown
ater.

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

A .

/ AL Terminals
W‘// c*

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

A Excitation

field and armature magnet. In this gap is the iron inductor I,
It 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 thére 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 em.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 teeth 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 500
cycles per second.

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

F= N XS
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 generator 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 cylinder of metal
on which rests a stationary brush B 4 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 4 side of the
armature being under the North ( + )
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+ through the load back
through the negative brush B — to the
negative side of the armature coil. As
| the armature passes a quarter revolu-
Fic. 47. Fundamental D.C. tion the armature coil will be moving

Coneraior) along the flux and not cutting it, so
there will be no em.f. Each 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 B
side of the armature coil that was under the South (—) pole of
the field magnet is now under the North ( 4 ) pole and generates
an e.m.f. which is opposite from its original direction but in the
same direction as the 4 side when under this pole.

Thus the segment E is now positive polarity as it is making
contact with the brush B + 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 graphically
in figure 48. Due to the variation in voltage such a current is

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
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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-

Field pole
S &
/ % _;’...-.‘ N
= = +
Field rheostat

Fic. 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 after 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 voitage across its terminals may be raised or lowered by the
generator field 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 is 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

WorldRadioHistory



62 RADIO MANUAL

to reduce the current of the shunt field windings resulting in 3
weakened field. With an increased load the ar

creases as the shunt field current decreases
voltage falls off considerably.

p
[
F16. 50. Circuit of Series Fic. 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 meets this
requirement.

9. Regulation—The relation of the voltage on no load to the

WorldRadioHistory



MOTORS AND GENERATORS 63

voltage on full load of a generator is called regulation. It is found
by the formula:

Regulation = (Vo—;z’ ) X 100 percent.

f .
Where Vs = voltage at no load,
V, = voltage at full load.

A 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 100 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 magnetism of the field poles
is opposite to that of the residual magnetism. Connect a voltmeter
across the output terminals and note voltage with field 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 generate may be due to other causes such as dirty
brushes, or commutator, 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

te—10buss—st 4 1
Groynd indicat- .
o ,ﬁ'f‘r#s " Tofield rheostat
1 2 on Switchboard.,
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Shunt field
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Fi6c. 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
be 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. Motors 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, A

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

=
field pole N field pole
m‘ad# 1 Seft tron wi Jﬁ;
k{ 4;{»4#«1;

‘M%.O—B—'
==
Fre. 53. Circuit of D.C. Shunt Motor.

from the battery B is in such a direction that the lower half of the
armature coils is 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
half 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
gene;‘lator 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 A4 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 sn either the armature or field poles, but not
in both. For example: In figure 53 reverse the field poles only.
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, because 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
e.m.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 be 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. If 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 e.m.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 becomes 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 blow 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
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e.m.f. developed by rotation is what keeps the armature current
from becoming excessive. When the motor is first connected to
the line it is not rotating and there is no counter e.m.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 em.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

54.

Shunt field
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FiG. 54. Cutler-Hammer Hand Starting Box Connected to Shunt Wound
Motor.

1eld rheostar

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 lintiting 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 magne? contactor
AC-Alternating current contactor

AF- Alfernoting current field contucror
L'-12- D line

STARTIVG RES. A'-A% - Series operdting coil
. Rt ;’,’;;’;'f”,‘;h”- resistors
e 5 drrun’ resistors
» RESIS. YALYES
2 j RI“R2 2159 w
4]“,;] R2-RI 2,68«
= Hi-H? = 353w

: ‘Jj L * | ===}

L REMOTE CONTROL
A2 4 S Pusy Burron
—8 To
JAaNA
AC wITCH GEN. mMoTOR
2y
> L33
AC ¢

AC IZ2) AC
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F1c. 55. Circuit of the Electric Controller and Mfg. 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 2 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; 1 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 I 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 operating coil 4, an upward pull is exerted
on the plunger C, due to the flux in the operating air gap G, but

G
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B-MAGNET CASE
C-PLUNGER
O-CONTACT DISC
E-CONTACT BRUSHES
F-ADJUSTING PLUG
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F16. 56. Type A Series Magnetsic Contactor Employed with Automatic
tarter.

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 Jength 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 4, 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 field 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 thé 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 em.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 7
series with the shunt field of a /{{//L//I/__////////////l
differential field winding for s B
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. 1 l
23. Alternating Current In-
duction Motor—It has been ex-
plained how a current flowing
through a coil produces a mag- Fi. s;. Motor with Differen-
netic field. If a set of coils is tial Field Winding.
arranged in the form of a two-

-

e

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. Both 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 §8. 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

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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F1c. 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 be made easily by a motor-generator.
This combination, as usually employed on shipboard, 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. Figure 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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Fic. 61. Exploded View of Crocker-Wheeler 2 KW. Motor Generator with
Alternator of “ Wound Type.”

Fic. 62. Assembled Motor Generator.

WorldRadioHistory



78 RADIO MANUAL

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 4 through

i
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T
Fic. 63. Fundamental Circuit of Rotary Converter.
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the brushes B1 and B2 and also flows through the shunt field SF,
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 takén 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 hastwo separate armature windings placed

Fie. 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

Fic. 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-
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ure 64 shows the picture of such a machine and figure 64a the
fundamental circuit.

27. Protective Devices—Some means A
must be provided in a radio transmitter
to prevent the radio frequency currents
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 earth. In some installations
lead-covered wires are provided and F 16 65 Protective
the lead sheathing of all wires is tied to- Condensers  Connected
gether and then grounded. The high 325%¢ LAEs G
frequency currents are induced in the )
surface of the conduit or lead-covering and are effectively
grounded and thus no harm results to the power machinery.
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Fic. 653. 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.
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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-

82
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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 60 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
gases.

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. Each 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 ( 4 ), 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. )

1The 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,

ro. 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

%" 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—If 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 vessels using both Edison and lead cells should
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General Data and Tray
Dimensions of Edison
Storage Batterles.
(Y4-in. Positive Tubes.)

Type (Letters denote size of Plates,
Figures number of Positive Plates)

il

[ s}
e
C®

Prices on Application N2 BIH{ B4 B6 A4 AS A6 A7 A8SHt AGHW{
Rated Capacity, Ampere-Hours..., 11.25 18.75 37.5 75 112.5 150 187.5 225 262.5 300 225
Duclurge Rate (8-hour) Amperes.. 141 234 4.69 9.38 14.06 18.75 23.44 28.13 3281 375 28.13
(5-hour) * 225 3.7% 7.5 15. 22.5 30. 37.5 45. 52.5 60. 45,
Average Dlscharge Voltage (8- hn) 1.24 1.24 1.24 1.24 124 124 1.24 124 124 1.24 1.24
(5-hrs.) 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
Normal Charge Rate (7-hours).... 225 3.75 7.5 15. 22.5 30. 37.5 45. 52.5 60. 45.
Weight of Cell, Complete, poundl 167 5.2 4.5 7.8 11.3 138 16.7 194 22.6 30.4 28.4
* per Cell, in Trays, pounds 1.94 56 5.1 8.5 12.1 149 175 208 24.6 321 32.2
Amount Renewal Solution per cell
(ibs.). 34 20 11 1.9 8.1 9.9 8.7
Over-all Tray Dimensions, in Inches
Width of Standard Tray... 3! 6% 6% 6% 7% 9 64
*Height over-all (Filler Ca ) 7% 1134 9% 954 14% 15%4 17‘2
*Height over-all (Filler Cap open).. 814 1234 10%¢ 1034 16% 17 19}
Lenght of Trays: 1.cell Tray...... 2% 3% 3y 4
2-cell Tray. 4 5 S S Tig
3-cell Tray. 64 61 675 10}
4-cell Tray. 8 8% 875 133
S-cell Tray. 9% 103 103 16%
6-cell Tray 11";2 12%  12% 1973
7-cell Tray. 13% 143 1433 23
8-cell Tray. 1534 16! 16 26
9-cell Tray 17 18} 18 29%
10-cell Tray 1874 203 203¢  327%
11-cell Tray. 21 22 224" 36
12-cell Tray.... 2234 243 243 39
{The “H" Type has an extra hi aflowing for f el ittin, Ionuer in 1s between “fi AN lbove
%:el be furnished with the en’:n‘ tr'u::' :m":ner if dn. -‘1':\:;”. odeum‘:esmzesl‘; :: g’iﬁ“sﬁ'i&'ﬂm\n :e elec"rv‘ticl.l dnntta'hnc‘:‘:l B2, B4, etc.
duﬂmemhcldltillbwtznlndmmdn‘rype “A" and 13 inches on the Type “B’
1The *HW™ type has sn extra liigh and an extra wide container, allowing for a still greater excess of eb:tmlyte nnd permmml still longer intervals b:t'een flling.
Practically all of the above **A” type cells can be fummished with the mr- hl h and extra wide container if devired. Thev are Jesignated respecti ivelxen A-4HW, A.6HW, etc..
and have the same electrical characteristics as A-4, A-6, etc. The hei the container is the same as that of theu'.'eH" Tnd the width is the same as that of the next

larger type, e.§., useoonuxnerolthz A-4HW and the A'6H is identice m!munuseconuumoltheboﬂw and A8
*Over-all hc-;hu are given for bottorless trays. Add ¥(-inch to height and }{-inch to length for trays with bottoms.
Fic, 68 DatavandadbrassorDimensions of Edison Battery.
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take specsal precautions not to use the hydrometer syringe of
the lead batteries to fill Edison batteries. '

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 compound). If this is removed it should be re-
placed either with rosin vaseline or liquid vaseline.

10. Batteries 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 box 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 1s 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 hydrogen gas. Inasmuch as this gas is explosive
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 battery

or sts compartment.

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

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

(c) 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 it is necessary to connect the positive terminal of the
battery 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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e.n.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

2,00
2 Charge | ]
1601~
L0
]
5 120 -— e
8 ——
<
§ 10 \\
% 80 Normal Rates of Charge and Discharge
> B-2, 7.5 Amps A- 6,45 Amps
B4, 15 o A- 7,525 ¢
80 B-6, 22.5 A- 8, 60 “
A-3,225 ¢ A-10, 75 “
A-4, 30 “ A-12, 90 “
A0 A.5,375
Normal length of charge, 7 hours.
20
\
-0

1 2 3 4 ] 6 1
F1c. 69. Characteristic Curve of Charge and Discharge of Edison Battery.

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 battery 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 3 cells in series will require
5 X I.5 or 7.50 volts at the beginning of charge.
Ohm’s law is modified to read:

E—e
I ’
E = supply voltage,

R=
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¢ = battery voltage,
I = normal charging rate,
R, = I—m6_.%7'50—resistance in ohms to obtain normal rate at
beginning of charge.
110 — Q.25 . . .
R, = % —resistance 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- 7o.
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,

FICLD, L—

oy i
()

s‘ — —
I I 6voLTS,

P

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 70 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 charging, 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 mains 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 %:)r 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 brown 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 become light gray
by the formation of pure lead on its surface. Now if the charg-

3
",cv"
Fic. 71.° Negative Fic. 72. Positive
Plates of Lead 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 both
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. Never 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-
come 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
bottom 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
or 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 1.000 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 .001 to the hydrometer reading for each 3 degrees
above 70 degrees F., and to subtract .001 for each 3 degrees below

0.
7 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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145
145 — Baume degrees’

Baume degrees‘ = 145 — Spl4(53r .

Sp. Gravity =

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

Sp. Gr. = 145#_55 = 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
battery 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 battery 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 limnit
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 1.220 (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.

If 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, PbSO,. 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 by 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. It 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—There is anothe
chemical action which takes place in any battery, termed “loca
action.” This is going on all the time whether or not the batter:
is in use, and during all states of the charge.  The lower the stat\
of charge, the more injurious are the effects of local action, and th
higher the density of the electrolyte used the more vigorous it
action. The temperature of the electrolyte also has an -effect ot
the local action—the higher the temperature the greater the effect
In addition to causing a battery to lose its charge, local actior
produces a lead sulphate of a different 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 wil
cause an increase in the internal resistance of the battery and :
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 such 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 repai
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 1s expensive, but is 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—Buckled 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 irr 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—By 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 object 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
battery held ready for emergency 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. If the cells gas continually, the battery is
receiving too much charge. If the gravity continues to drop, the
battery is 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 2.15 volts per cell. If itis 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 1.200-1.22—but not for other batteries.)

There is a wide-spread 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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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—First 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 circuit 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 tlfe 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 battery 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—With 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—With 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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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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electrolyte 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 permanent
damage.

so. 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 Io 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. 1
the gravity continues to drop, the battery is not receiving enoug
charge. Adjust the charging current if necessary by changing tt
floating lamps, using higher wattage to increase rate or lower wa
tage to decrease. Make another check after a week or so, r
peating until it is certain that the system gives neither too muc
nor too little charge. The adjustment can then be considere
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 an
combine the charging until the black hand of the ampere-hot
meter has returned to zero. Once each month, preferably durin
fair weather, charge the battery. Move the black hand of tt
ampere-hour meter back, halfway to the red hand, and charge unt
the “ pilot cell gravity ” and the voltage of each side have remaine
constant for one hour and all cells have been gassing or bubblin
freely for the same length of time. This means that, under no
mal conditions, the charge will be of about two hours’ duratios
When charging, keep the bus voltage at 110 volts as, if it is lov
the charging rate will be reduced and the time required to charg
correspondingly increased. For example, a bus voltage of 1c
volts reduces the charge rate one-third and therefore increase
the time 50 percent; a go-volt reduces ‘the rate two-thirds an
triples the time. .

Raise the covers of the battery box during this charge and newve
bring a Isghted match or other exposed flame near the battery ¢
this might cause an explosion. Keep the vent plugs in the cell
Do not remove them during charge except to take specific gravit
or temperature readings. After the charge, reset the black han
of the ampere-hour meter to zero.

52. Specific Gravity of Electrolyte—The normal specif
gravity of the electrolyte should, with the cells fully charged, t
between 1.260 and 1.2935 for all marine types with the exception ¢
type MVS, for which it should be between 1.200 and 1.220.

It will never be necessary to add new electrolyte, except in cor
nection with replacing actual loss of electrolyte due to spillag
or similar causes. Before adjusting low gravity by adding acic
first make sure charging will not raise the gravity. To do thi:
continue charge until specific gravity shows no rise, and then fc
five more hours. Never make a gravity adjustment on a cell whic
does not gas on charge. To adjust low gravity, add new electrc
lyte of 1.300 specific gravity instead of water when replacin
evaporation until the gravity at the end of an equalizing charg
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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 broken, 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
in a cell are:

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

(b) Lack of gassing on charge.

If a battery 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
needed was the charge ; otherwise, record all gravities less than this,
resume charge and continue until three consecutive half-hourly
readings of the gravity of all these cells show no increase for any
of them. Then make gravity adjustment on those which are stiil
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. If 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 1gth St., Phila-
delphia, Pa.) with transportation charges prepaid; provided the
battery 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 eonnected 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 75 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 battery
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 is 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
batteries 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 II on page 63.
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CHAPTER 4

THEORY AND APPLICATION OF THE VACUUM
TUBE

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

Fic. 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 each for the
grid and plate.

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

110
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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 uvsually 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 come off the [ ]
filament if the free 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.
supply. The filament of the tube is usually
heated by connecting it to a battery called the
“A” battery or by a.c. from the lighting
circuit by use of a stepdown transformer.
The negative terminal of the “B” battery JFie. 78 C,?““ecé
is connected to one terminal of the “A” E‘%‘i "lf att":rya';o
battery. The positively charged plate at- Vacuum Tube.
tracts the free negative electrons and they
are transported through the space between filament and plate. This
stream of electrons from filament to plate furnishes a connecting
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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 it 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
exactly 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 wonld 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.

Flate
™MW Grid

Filament

€ Battery

—

Ill'i—rlll

FPofepliometer
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—By 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 4 in figure 80 will show that with a fixed
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plate voltage, as the grid voltage i5 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

WorldRadioHistory




THEORY OF THE VACUUM TUBE 115

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 ” battery flows through the telephone receivers. The con-
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Fic. 8. Vacuum Tube Detector Fic. 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 b 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-
ol 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
CEES 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 is heard. (See figure 84.) The grid leak
does not allow the escape of the electrons from the grid while the .

| =

+A—

WorldRadioHistory




THEORY OF THE VACUUM TUBE 117

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.

:f/ﬂle current oscillations.
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Fic. 84. Action of Vacuum Tube as Detector with Grid Leak and
Condenser.
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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

or 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

[X’] ,5 )
rid voltage fired by
G"C b ffery: 7

Grid signal @

voltage. =,

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 several 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- -
tion. (See curve, figure 85-a.) % Precuency in cveles.

Audio frequency amplifiers designed F g, 85a. 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 60 to 1,000 cycles is sufficient for this class of service.

0. 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 Resistance coupled. Inpedance or chowe coil coupled

e - —— - ——————

Fi. 86. Methods Used to Couple Vacuum Tubes in an Amplifier.

When a number of tubes are"C3fiA¥&8 together in an ampli-
fyving system it is spoken of as a cascade or multi-stace amolifier.
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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,” p) is an €x-
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 I.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.
Tts 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.

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

In considering the power output 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 connected to a load. Re-
ferring to figure 87, the direct current generator is connected to
the load marked R-load. The armature of the machine has a
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certain resistance which is indicated by Riae (internal resistance).
When the load resistance (R-load) is equal to the internal resist-
ance (Ria:) the generator will give its maximum output. If the
load resistance is higher the current
drops off and the generator does less
work outside,
Now if the same rule is applied to a
vacuum tube amplifier it will be found
=¢  that the tube gives the most output
when the load resistance R is equal
to the plate impedance R,. However,
the application of this rule may result
Fio. 8a. Output Rule ;oo o frequency distortion when a
Applied to Transformer 5 .
Coupled Amplifier, tube having an extremely high plate
impedance is connected t0 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 mutual 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
Plate impedance ’

Mutual conductance in micromhos =
or

g=r—p.

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, 1 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,

—n
Output

45\ ot
L
Lt
A B
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.m.f. therein which is communicated to the grid of the
first amplifying tube. The alternating em.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
em.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-

fa) (1)

id

++0

Fic. 8g. 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 300-cycle tone may be fed into the
amplifier and at the output there will be not only the 500-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 “b” 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.
C circuit 2
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F16. 90. 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 K 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 2 is 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 4B is equal to battery, i.e., 100
volts. This value is obtained when the movable contact C' has
been moved to A. 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. 91. Resistance Coupled Amplifier.

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

“ Motor-boating "’ can be prevented by connecting extra resistors
in series with the plate resistors. The arrangement is shown in
figure 91.

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-
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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 amphfymg characteristic. Like the resistance coupled
amplifier it is limited in amplification per stage by the amplifica-
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Fi6. 92. 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 g2 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 g4 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-

F A

Untuned RE transformer. Tuned transformer ‘Variometer or tuned plate.

Fic. 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 200600
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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 95 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 95. The primary P, is magnetically coupled to the
secondary §,. A coil such as P, when closely coupled to a tuned
circuit such as S, C, 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 300-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 under 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 becomies 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

-I, 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 electroinag-
netic coupling existing between the different coils and wiring of
the circuits. In the circuit of figure g5 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 96 is a “losser ”’
method and.comes under the first group men-
tioned above. When the movable slider of the
tr(glli(;ig 9%eg(e:n‘;r"a: potentiometer is adjusted so that the grid is
tion by Potentiom- 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 eurrent are never suf-
ficient to produce a feed-back that could
start self oscillation. i

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. o¢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 _r_T
to the coupling at the high waves
rotating with the condenser through -
its 180 degrees of revolution. The T
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- g o8 Hassel’s Method of
tion of current flow through the Variable Coupling.
plate-grxd 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{
A

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.

WorIdRadioHistE)ry




136 . RADIO MANUAL

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-

Reversed ficxler
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Fic. 99. 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 Cn
is connected from the grid to the high potential terminal of coil L
which is so coupled to the transformer T-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 Cx 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,.

a
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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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Fi16. 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 C,' 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:

Fic. 101a. Arrangement of "
geutralization o{) Capacitg N _ G G

oupling between Primary an NS AT A
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 N, 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 T, is connected to an

Le o L2

Fic. 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 T,. 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 T,. It is best in constructing this circuit to connect
the filament lead permanently near the center of the coil and vary
Cy until a balance is reached. Cy can then be locked. The proper
value of Cy will seldom be greater than 15 micro-microtarads.
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 T, by opposing currents through C~¥. This permanent
compensation is independent of the wavelengths and of the tuning
circuits T, and T, 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 T, 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 T, is possible.

A second compensated circuit of this type is shown in figure
103. Here the arms of the Wheatstone bridge are all capacitive.
Cx is an external fixed condenser, forming the arm adjacent to
C,. L isa radio frequency choke coil and provides a metallic grid
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Fi6. 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 L
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
both fields. Thus a toroidal coil has a much smaller external
magnetic field than a single cylindrical coil. Similarly the “ figure
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 by 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 can 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 C' 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

R

Fic. 104. Reggner:g.tive Detector Fic. 105. Capacitive Control of
Circuit, Regeneration,

Ant

Ticxler

will aid the oscillations instead of opposing them. Various modi-
fications of this method are used. The plate coil Ly 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
105. 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 Ly 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-

WorldRadioHistory



144 RADIO MANUAL -

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.W.
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 numerous 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 RECIore
vary the plate current through an 0
amplitude which supplies to the ex-4
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 ET Vacuum Tube
transmitting purposes. The method g o [50 (S, T
by which it generates 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 battery 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 LC circuit produce a voltage drop across the induc-

B
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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 unti} the
vacuum tube cannot supply enough power to the oscillatory circuit
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Fi6. 106. Characteristic Curve of Vacuum Tube Employed as a Generator
of Sustained Oscillations,

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 only 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 being
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 (600 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,
4th, 6th, 8th, etc., are even harmonics. The 3d, 5th, 7th, etc., are
the odd harmonics. ) '

EXAMPLES OF HARMONIC FREQUENCIES.

Fundamental or 1st Har- 2d Harmonic Frequency 3d Harmonic Frequency
monic Frequency K/cys. K/cys. K/cys.
1000 (299.8 m.1) 2000 (149.0 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 (475.9 m.)

1 M-wavelength in meters.
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Fic. 107. Western Electric 250-\Watt Power Tube.
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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). However, 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 fall, 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 con-
sidered. Example: The 203-A radiotron rated as a 50-watt tube
when operated at 1,000 volts d.c. platé voltage shows a plate cur-
rent of 125 milliamperes (.125 of an ampere).

Watts equal E X I,

“ “ 1000 X .I125,

(X3 €t 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 I? X R,
[y 13 4 x 12%'
[ [ 50.

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
watts input ’
125°

.4 or 40%.

Conversion efficiency equal

Thus 45 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 .I125
Watts Input 125
* Output 50

“  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 25 watts lower
than its maximum rating. Operating the tube at more than its
normal safe plate dissipation without an attendant increase ir
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 saic
to be “ soft ” and is of no further use in this condition.

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

Filament Construction of Power Tubes—The power tube
manufactured by the General Electric Company for the Radi
Corporation of America have either a tungsten or thoriated tung
sten filament. The thoriated or XL type of filaments provide
high filament emission at a low operating temperature combine
with low power consumption and long life. The power tube
manufactured by the Western Electric Company have either
tungsten or oxide coated platinum filament. The use of an oxid
filament provides ample filament emission at cherry red temper:
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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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ments, 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 ”’
frequency which is the numerical difference
between the two frequencies. The principle of
beat frequencies 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. 109. 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
such 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 but 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 frequency 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 be 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). In order to receive a signal from a trans-
mitter operating on 1,000 kilocycles (299.8 meters) it would be
necessary to tune the oscillator to 40 kilocycles above or below
1,000 kilocycles, that is, 1,040 or 6o kilocycles, either of which
when combined with the incoming frequency and detected will pro-
duce a 40 kilocycle beat frequency. Thus it can be seen that if the
oscillator is tuned to either 1,040 or g6o 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. It 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 g6o kilocycles. This frequency corresponds to the other original
setting of the oscillator necessary to produce the correct beat 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 oscillato
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 th
station its signals will be heard. This usually 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 energ
from the oscillator to the first detector. This coil is generall
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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

Couphing coll.

FiG. 111, Oscillator Circuits Used with Double-Detection
(Superheterodyne) Receivers.

results are secured by 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 4 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
be 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 ” battery 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
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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 %Zeceiver type 4-C is shown in figure 112
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Fic. 112. Frequency Changer Employed. in Western Electric Type 4-(
Double-Detection Receiver.

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

detector at the same time providing a limited amount of regenera
tion in the circuit. The coupling coil is in the grid circuit of th

first detector.
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% % amplifier
iyl —

Fic. 113. Fundamental Circuit of the Oscillator and Detector of Secon
' Harmonic “ Superheterodyne.”
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In the earlier type of superheterodynes the first detector wa
made to function as both detector and oscillator. The general ar
rangement is illustrated by figure 113. In this circuit A4 is tune
to the incoming signal, circuit B is tuned to one-half of the ir
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coming frequency plus or minus one-half of the intermediate fre-
quency and the circuits C 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 36.98 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 broaden
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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quency 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, Iefs through some rnofses.
C - ldeal 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.” It 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 .0005 to
.0o1 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

RECKone.
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T (i~ Loop tuning condenser.000b
ul < o C2- 03¢ funing condenser 0008
l,
ma ;é €3~ Regancration control
Kr condenser.ooees
0Os¢. 5. Lo-La= 03c. inductonce.
h ot L3~ Picnup coil
+
—2 A
—— 1]
+5

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 emough
75 get reading, o S o e
Tibe has been jnserted in socxet and
filament voltage adjusted fo rated
value (Disregard change in filament

volfmeter reading which ‘will
occur when emission current
flows). Test for shorted elements
before faning emission readings
or us@ protective device.

Fi6. 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. If 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. Fig 118
This circuit is shown in figure 118. Plate Curren
For UX-199 or CX-299 tubes, set the plate '{Zeei (t) Cgflf:l:

voltage at 45 volts with the grid connected to the  yopa0e).
negative filament, set the filament voltage at 3
volts and read the plate current. Momentarily increase the fila-

WorldRadioHistory




THEORY OF THE VACUUM TUBE 163

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 value of the plate
voltage (45) is used but the plate current is read with the filament
voltage 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,

TaBLE oF EM1ssioN CURRENT AND REACTIVATION VOLTAGE.

Maximum | \Maximum

ilamen Pl Minimum eactiva- ;
Type No. I;/l;taget Vol?aF:e Emilaaion R tion I{,‘:ﬂ:‘:g
Voltage

UX-199 or CX-299 ... 3.3 50 6 m.a. 4.0 12
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-300-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..... 6.0! 100 100 m.a. 10.0 —
UX-213, CX-313..... 4.0! 100 |50 per anode 7.0 —
UX-216B, CX-316B .. 6.0! 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, a
the voltage listed in the table under the heading “ Reactivatior
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 nof
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 thirt
minutes burning, test the tube as explained above. If the emis.
sion shows improvement continue the treatment until tes
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 10 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 recommendec
above. This process very materially shortens the tube life anc
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 119. 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 {rom

—\cr-298 | — cr-30m
]q:l:{ ' Y I:";W‘
) 3NN 1 ) Shin
. 50:1:19 IﬁV :nlut’
Snep s ¥ 1
J 3 cr-301A
1Ho-us ' I;I-MM
AC Line P fd urning or ageing
-id - ]
. < f"m ;,’7‘, ! SocKets.
| y &
Transfor mer _l T
G £ trpe 236093 on = : cr-299
R Jac | ( 4« ur- 140
sl | : rning or 1
Ifa"i onsier| N al ' szcur‘ ageing
X

Fic. 119. Alternating Current Reactivating Apparatus and Circuit.

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

3 Cells for CX-D0A or UE-20A
2 Cells for (32904 orux-1eq

W3 I
Gl o

) glyawk 5 2+ 250hm rheostats.
BBart | S8, [
wor |l

SocKets as required.
orunzod [958 =

250hm —1 Flashing volfage

|

1= 6 Yoit storage batterr
. —L,,,,- 1= 24 wif storage B battery
Socxi 1+ weston model 301 voltmeter
NS 0-8 Wlts range.

/- Weston model 301 voltmeter

0-25 volts ronge - ora two
3 scale instrument

L

F1c. 120. Direct Current Reactivating Apparatus and Circuit.

Normal Operation Precautions—If it is necessary to reacti-
vate tubes 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: Xeep 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. Here also
the use of a reliable filanmient 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 voltmeter 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 pérmanently damaged or has its useful life shortened.
This is especially true with C-299, 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 senmsi-
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

WorldRadioHistory



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 9o 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
Avt(t:taze Plate Average Plate

urrent. Current to
GridFt.o +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 ma. 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 af
a voltage about 20 per cent above normal for ten minutes. The
plate and grid voltages should be disconnected during the procest
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 norma
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.

TaBLE oF Best FLASHING AND AGEING VALUES ForR Power TUBE

ReacrivaTion.
Normal Flashing | Flashing Ageing Ageing
Type of Tube Filament H A

' Voltage Voltage Time Voltage Time
10 20 30 Sec. 12 2 Mins.+
11 22 30 Sec. 13 2 Mins.+
7.5 15 30 Sec. 9 2 Mins.+
10 20 30 Sec. 12 2 Mins.+
5 10 30 Sec. 6 2 Mins.+
7.5 15 30 Sec. 9 2 Mins.+
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-
element 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 (90 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 Faap 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 mutual 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 above represent average results (25 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 I.I 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

- 42245 +8—:«6;;-,
Fic. 121. Typical Screen Grid Tuned Plate R.F. 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 circuit. 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 be pro-

ioros
g Ux222

F16. 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
shiéld 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. If 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

ux 12
SM 225
Plate 255

Input from
Detector Tybel

CO AB- A+ 8122 (- B35 B*/35
c+ Amp 70180 To 450

Fic. 123. Use of UX-222 Tube as First Stage Audio Amplifier with
%pace Charge Connection Followed by Silver-Marshall 223 Hi-Mu Trans-
ormer,

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 35 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—While 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 and 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
type 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 been 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.
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CHAPTER

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—Figures 124 and 125 show the
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Fic. 124. I:Iartley 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
174
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"FUNDAMENTAL CIRCUITS 175

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
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F16. 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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176 RADIO MANUAL

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 T*. Condenser C® prevents severe arcing which would
otherwise occur when keying a 1000- to 2000-volt negative supply
line. The radio frequency choke coil L3 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 