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PREFACE

This book is written for radio students preparing to become
radio operators. A thorough understanding of its contents
will enable the reader to pass the theoretical examination given
to applicants for a Radio Operator’s License. It will also be
useful to others not interested primarily in becoming operators
but who want a knowledge of the theory and operation of Radio
Telegraphy as used in the marine services.

The World War changed the trend in the design of radio
telegraphic equipment from spark to vacuum tube and arc
equipments. The change, which is still underway, rendered
those text books written before the war obsolete in so far as
modern equipment is concerned.

With the advent of broadeasting, immediately after the war,
came scores of radio books nearly all of which neglected entirely
practical explanations of radio telegraphic apparatus. The
authors of this book being engaged in the training of radio
operators keenly realized the need for a reliable, adequate and
well-balanced text and set about gathering material for this
volume.

The arrangement of chapters is such that, in all but three or
four of the advanced chapters on transmitting equipments, a
student or teacher may cover one chapter as one assignment.
As a further aid a series of examination questions appear at the
end of each chapter.

Many text books on radio telegraphy require that the reader
be versed in elementary electricity, mathematics and chemistry.
This book does not require these prerequisites. It starts
with an explanation of elementary electricity and gradually
builds on this knowledge until radio circuits and apparatus are
understandable.

It is hoped that this book will serve the two-fold purpose of
training radio operators and of being useful as a general hand-
book for those having to use and care for the types of equipments
it describes.

THE AUTHORS.
New Yorg, N. Y.
November, 1927.
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PRACTICAL RADIO
TELEGRAPHY

CHAPTER 1
MAGNETISM

Natural Magnets.—The name ‘‘magnet” was first applied to
brown-colored stones which possessed the peculiar property of
attracting small pieces of iron or steel. Later, it was found that
if a piece of this stone was suspended freely by a string it
possessed the now very important property of pointing in a
particular direction, very nearly north and south. It received
the name of “lodestone” or “leading stone” due to this direc-
tional cffect. In technical terms this stone is referred to as
magnetic oxide of iron or magnetite. The magnetic properties
or attractive forces seem to be centered at two or more points on
the stone, while at other points no magnetic force is evident. It
is called a natural magnet because it is found to be magnetic in
its natural state, and a lodestone because it possesses the remark-
able property referred to which caused it to be used for navigation.

Artificial Magnets.—If a piece of iron or steel is rubbed by a
piece of lodestone, the former will then have the magnetic
property of attraction. The piece of iron or steel is then termed
an artificial magnet. The process by which this property was
acquired is called “magnetization,” and the steel or iron is said
to be magnetized. It is not possible to create enough magnetiza-
tion with a lodestone to make it powerful enough for commercial
uses.

Poles of a Magnet.—The ends of a magnet are termed its
poles. The end which points to the north geographical pole is
generally called the north seeking pole, and is usually marked
on one end of the magnet by an N while the other end is called

the south seeking pole and is marked S.
1
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The term ‘“magnetic polarity’ refers to the nature of the
magnetism at a particular point on the magnet, or in other words,
whether it is an N or an S seeking magnetism.

Magnetic Attraction and Repulsion.—If a steel bar which has
been magnetized is suspended at the center by a silk thread and
placed in the vicinity of a north or a south magnetic pole it will
tend to swing parallel with the mag-

) /,C/’/;:él:ﬂ‘\?‘\‘\‘ netic field created by the pole.
KA, ,’Zklj‘\*\\:\\\‘\‘. ' Figure 1 illustrates the magnetic
AN ALY ’_:/_5; lines of force emanating from the
AN iy north pole and entering at the south
PNt \fi’_i/f,; /' *  pole through the air medium. The
R lg’_};f,"‘/ lines of force then return to the north

ey S vt ) oy f,hrough the magnet, thus completing
a bar magnet. its field.

If the bar is carefully marked at
one end for reference, it will be noted that one particular end will
always point in a definite direction. This is due to the polarity
effect of one magnetic field upon another. No matter how many
times the bar is turned by hand it will always return to its original
magnetic position. Figures2aand 2billustrate the magneticeffect

Fra. 2a.—Magnetic attraction be- F1a. 2b.—Magnetic repulsion be-
tween two unlike poles. tween two like poles.

of two magnetic fields, one upon the other. Figure 2a shows how
the lines of force tend to combine and thus attract the two bodies,
while Fig. 2b shows the ‘‘bucking” or repelling effect of the fields
and, hence, a repulsion of the two bodies. This holds true with
all magnetic bodies. Whenever two north poles or two south
poles are placed near each other they will tend to repel one
another. On the other hand, if poles of north and south polarity
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are placed in the same vicinity they will attract due to the com-
bining effect of the magnetic fields. The law governing this
action is stated, liked poles repel; unlike poles attract.

Magnetic Fields.—Various forms of magnetic bodies possess
certain magnetic advantages. Of these the two most important
are the bar magnet and the horseshoe magnet.

Figure 3 illustrates the magnetic field arrangement of a horse-
shoe magnet. Compare this with the field arrangement of the
bar magnet in Fig. 1. Note that the concentration of the lines
of force in Fig. 3 is much greater than in Fig. 1. This is obviously
due to the shorter air path through which the lines of force
travel, and hence results in a lower amount
of magnetic leakage. Therefore the
strength of the magnetic field at the poles
of a horseshoe magnet would be considera-
bly stronger than that of a bar magnet.

< =
[A;r Gap Closed
>N|—|S5
Fia. 3.—A horseshoe Fi1a. 4—Magnetic lines of
magnet. force in a closed core.

If it is desired, however, to decrease the magnetic leakage of the
horseshoe to a still lower degree, then a small iron bar may be
placed directly across or between the poles as illustrated in Fig. 4.

Whenever this is desired the magnetic material may be formed
into a closed magnetic path by arranging it into a horseshoe,
square, circular or rectangular form.

Magnetic Transparency.—If a magnet were placed in a position
to deflect a magnetic needle and if a non-magnetic substance,
such as glass, wood, brass, or rubber were placed between the
peedle and the magnet, the lines of force would complete their
circuit through the non-magnetic body, as shown in Fig. 5.
If a piece of iron were interposed between the magnet and the
needle, however, the iron would act as a magnetic screen and
reduce the needle deflection towards the magnet (Fig. 6).
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A compass needle if placed in the center of a thick iron case
would be entirely screened from any external magnetism.

Specific Magnetic Effects of Iron and Steel.—The magnetic
properties of iron and steel are divided into two groups:

1. Permeability.

2. Retentivity.

Each one of the above metals, though magnetic, possesses
properties to which are due careful consideration.

If a piece of iron is placed under the influence of a strong
magnetic field, it will become magnetized almost instantly. The
steel, however, will not allow itself to become as easily mag-

Thick Steel or
Tron Plate .

Magnetic M .
. -Magnetic
Needle Newdlo
~Compass o
AL ¢ ) o ,;.f £ 0 5720 9
< Non-Magne//c NOTE. 7:/7”7 Iron Plate wil/
Material allow shght deflection
Fia. 5.—Magnetic transparency. Fig. 6.—Magnetic screen.

netized, but when magnetized it will retain its magnetism for an
almost indefinite period, while the iron will lose practically all its
magnetism once it is removed from the magnetic influence. It is
thus apparent that iron possesses a factor of becoming more
easily magnetized, or in other words allows the magnetism to
pass through it more readily. This is called ““magnetic perme-
ability.” The reason for this phenomenon can be readily seen by
comparing the physical structures of both metals.

Theory of Magnetism.—The theory of magnetism is based on
the law of matter, which states that all bodies which have weight,
as gases, liquids, and solids, are composed of minute particles
known as “atoms.” It is possible by means of chemical or
electrical reactions to create a combinin g cffect of certain types of
atoms. When this takes place the resultant combination forms
into a mass, or body, and is called a “molecule.”
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For example, water has weight due to its atomic structure.
1t consists of a combination of hydrogen and oxygen atoms of
definite proportions as follows: 2 parts of hydrogen and 1 part
of oxygen, referred to as two hydrogen atoms combining with
one oxygen atom. If these two minute bodies join forming a
single unit we may apply a name to that unit; a molecule of
water.

The molecule is, therefore, a minute particle of weight made up
of different atoms to form a specific material.

Steel and iron are composed of their respective molecules, both
of which are or may be ecffected by magnetic influence. It is
assumed that the bar of steel in its unmagnetized state has its
molecules arranged in a promiscuous fashion, as in Fig. 7.

¥ E.s f»7ube.

=

on Filings

[ Test Tube

L

:Iron Filings
[

I'tg. 7.—Hypothetical arrangement F1a. 8.—Hypothetical arrange-
of molecules in an unmagnetized ment of molecules in a magnetized
body. body.

If the steel bar is stroked with a magnet or placed iu the mag-
netic field of a current-carrying circuit in which the current is
unvarying, then the molecules will arrange themselves according
to the law of attraction, that is, each of the molecules will
arrange itself symmetrically with the axis of the bar, acting upon
one another and so tending to form a series of little magnets, and,
consequently, producing an external magnetic field about the bar.
The molecular arrangement would then be as in Fig. 8.

The same procedure would also apply to the iron. The mole-
cules in the steel cannot be as readily straightened, however, due
to the greater density of the molecules in the steel. This would
necessitate a greater magnetizing power, but once the molecules
are all straightened they would not be as liable to fall into their
original distorted condition and therefore the steel will have a
greater tendency to retain its magnetism after the magnetizing
influence has been removed. Hence, the term ‘‘retentivity’
is applied to all steel magnets.

On the other hand, the molecules in the iron, especially soft
iron, will straighten out much more rapidly when under the influ-
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ence of a magnetic field, but they will fall back again just asreadily
to their original distorted position when the magnetic field is
removed. This is due to the lack of the molecular density in
iron, especially soft iron. Thus the iron will retain only a very
small fraction of its magnetic power when it is removed from its
magnetizing influence. This small amount of magnetism still
remaining in the iron is called its *residual magnetism.”

Questions

What is a natural magnet?

. What metals are used for artificial magnets?

What is meant by the term permeability ?

What is meant by the term retentivity?

Under what conditions will magnetic fields repel ?

What is meant by the term magnetic transparency?

. How can the magnetic leakage in a horseshoe magnet be minimized?
What material is best suited for permanent magnets?

What is meant by residual magnetism ?

. Describe the theory of magnetism.

CLPNDO =

—



CHAPTER 11
ELEMENTARY ELECTRICITY; BASIC PRINCIPLES

Atoms and Electrons.—In the previous chapter the brief theory
of molecular structure has demonstrated how certain atoms of
different elements might be combined to form a certain type of
molecule. In a like manner the two atoms of hydrogen and the
one atom of oxygen can also be separated from each other by chem-
ical and electrical methods.

An atom is found to be a sort of solar system, with a sun and
planets: the empty regions between the sun and the planets fill
up more space than they do, so that much the greater part of the
volume that seems to us to be filled by a solid body is in reality
unoccupied. In the solar system we might refer to the planets
as “‘electrons’ and the sun as the “nucleus.” Similarly, in all
bodies which possess weight, i.e. gases, liquids and solids, there is
evidence of nuclei and electrons. It thus seems quite logical
according to scientific research, that the weight of a body is
dependent upon its atomic structure and, in its turn, the activity
in or outside of the atoms is dependent upon the number of elec-
trons around their nuclei.

When an atom has many electrons, it seems that they are
arranged in successive rings around the nucleus, all revolving
around it in either ellipses or circles. The chemical or electrical
properties of the atom depend almost entirely, upon the outer
ring.

The simplest atom is that of hydrogen, which has a simple
nucleus and a single electron. The most complex atom known is
that of uranium, which has, in its normal state, 92 electrons
revolving around the nucleus. It is very possible that atoms of a
still more complex nature may be discovered some day.

When an atom is referred to as a “neutral atom” it simply
means that it contains the original number of electrons attached

toit. If, on the contrary, the atom loses one or more of its elec-
7
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trons it no longer possesses its neutral state and is said to be in a
state of electrification.

Electricity and Electrical Strain.—The atom may thus be elec-
trically analyzed as creating a state of behavior under certain con-
ditions. For example, assume a piece of ebonite and one of fur
with their atoms in a neutral state. If the two materials are
rubbed so as to create intense friction some of the atoms will be
disturbed, and electrons torn out of some in such a manner that,
after the rubbing, a number of free electrons, independent of
atoms, are found on the ebonite, and a number of the atoms of fur
which have not their proper number of electrons remain in the
fur. This will leave some of the fur atoms with a deficit of elec-
trons, or in an unbalanced state. If, therefore, some light body,
as paper, is brought into the vicinity of the fur it would be
attracted to it in the effort to again restore to it the electrons
which have been lost. This is called electrification due to the
friction of two dissimilar materials. It can readily be seen that
certain bodies when excited will produce a state of strain in their
vicinity. Experiment proves that a body on which free electrons
are placed has the effect of what is called a negatively charged
body, and a body robbed of some of its electrons acts as a posi-
tively charged body.

In other words, whenever electrons, which are “negative”’
particles of electricity, are taken from their balancing medium,
the nucleus, they will leave the latter in an opposite state of
behavior which is called “positive.” Positive and negative
charges are, therefore, simple terms for expressing behavior.

Potential.—When a body is charged either positively or nega-
tively it is said to have a positive (4) or negative (—) pressure.
When water is put into a tank, there is always a certain pressure
of water in the tank which can be measured by the height of the
water.

If two tanks are connected with a pipe and one tank has a
greater height of water than the other, that is, if the water pres-
sure in one is greater than in the other, then the first would have a
positive pressure with regard to the second, and the second a
negative pressure with respect to the first.

Electricity is analogous to these effects, but instead of using
the word “pressure” the word “potential” is used. This will
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be clearly seen if a tank on a level higher than the sea is com-
pared with an electrical potential. The tank in the above exam-
ple would have a positive potential with respect to the sea, and,
similarly, a positively electrified body would have a positive
potential electrically; a body with negative electrification is
analogous to a tank in which the level of the tank is below the
sea level. Whenever therefore, there is a difference of potential
between two bodies electricity will flow from the one to the other
if the two are connected by a conducting medium, exactly the
same as water will flow from one tank to another.

Similarly, generator wires of different potentials would produce
a flow of current through a conductor. Again, the same action
can be produced in two dissimilar wires, for example, such
materials as copper and iron. Each wire possesses a difference
of potential when they are joined and subjected to heat.

Here the heat creates an excitation of the atoms in the wire
which results in a flow of current when the free ends of the wires
are connected.

ELECTROMOTIVE FORCE—CURRENT—RESISTANCE

Electrical Currents.—Whenever a flow of current in an elec-
trical circuit is present it is spoken of as a “movement of elec-
trons’’ from one point of the circuit to another and in conventional
terms is simply referred to it as a flow of electricity. In the prac-
tical phase of electricity there will arise no necessity for analyzing
complex atomic structures such as are found in the various ele-
ments, but a sound understanding of the principles is needed so
that they may be applied to standard electrical circuits and
apparatus.

Electromotive Force.—In order to maintain a steady flow of
current in an electrical circuit, there must be a constant pressure
and a suitable path through which the current may flow. The
pressure in electrical circuits is called the ‘““electromotive force,”
or em.f. In hydraulic systems the pressure is referred to as a
certain number of units or pounds per sq. inch; electrically this is
the “volt” and is used to express difference of potential or
electromotive force. Hence, when the voltage of a battery or
generator is mentioned, the reference is to its pressure as having a
certain number of volts.
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Current Strength and Quantity.—The rate of flow of water
through a pipe is measured as so many gallons a second, which
expression includes a definite quantity of water and a unit of time.
The distinction between the terms ““rate of flow’’ (strength) and
quantity must be carefully understood in order to comprehend
the practical application of these terms to electrical circuits.
For example, at the rate of 1 gal. of water a second there might be
3,600 gal. of water delivered to a tank in an hour, thus distinguish-
ing the rate of flow from the quantity and naming it. Electri-
cal quantity is measured in ‘‘coulombs.” In referring to the
relation between quantity and rate of flow in an electrical circuit,
the electrical term forrate of flow or strength must be used. This
unit is called the ““ampere.” 'When one practical unit of quantity
of electricity (coulomb) flows continuously every second, the
rate of flow or the strength is said to be 1 amp., or if 2 coulombs
flow continuously every second, the strength of the current would
be 2 amp., and so on. Hence, it can be readily seen that the
current in amperes is independent of the length of time the cur-
rent flows in a given circuit, regardless of whether it flows for a
fraction of a second or for hours.

To find the total quantity of current flowing through a circuit
in a given time:

Multiply the amperes by the time (in seconds),
in which I = current strength in amperes.

Q = the total quantity expressed in coulombs.
T = Time the current flows (seconds).
Then

Quantity = current strength X time or in
coulombs = amperes X seconds.

Q=1XT.
Ezample 1.—If an incandescent lamp requires a current of 14 amp. to

maintain & steady brilliancy, what quantity of electricity would be con-
sumed if the lamp is lighted 2 hr.?

2 hr. = 60 X 60 X 2 = 7,200 sec.
Formula @ =1 Xt = 1{ X 7,200.
Q = 1,800 coulombs.

To find the average current strength (in amperes) when the quantity and
the time are known:

1 =9
4
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Proving Example 1:

@ = 1,800 coulombs.

t = 7,200 scc.
1,800

T =720

0.25 or ¥4 amp.

To find the time (in seconds) required for a given quantity of elcctricity
(in coulombs) to pass a certain point of a circuit:

Q
=T
Proving Example 1:

1,800 coulombs.
14{ amp.
_ 1,800

A

= 7,200 sec.

I
t

Electrical Resistance.—When water flows through a pipe, the
resistance it meets with depends directly on the length of the
pipe, its diameter and general conditions, such as bends, rough-
ness, ete. Similarly, when a difference of potential is applied to
an electrical circuit, a current flows through the circuit, and the
amount of opposition (resistance) offered to the flow is propor-
tional to the resistivity of the wire, which in turn depends upon
the character of the material through which the current flows,
its length, diameter, and temperature. The character of the
materials which make up the circuit is the most important
consideration, for different materials allow electrons to pass
along them at different rates.

The resistance effects of different materials are determined by
certain experiments and calculations and are called their “specific
resistances.”’

The following table shows the specific resistance of a few
materials as compared with pure copper, assuming the copper to
have a unit of one:

Silver, pure annealed......................... ..., 0.925
Copper, annealed.................... ... 1.000
Copper, hard-drawn.............. ... ... ... ... ... 1.022
Aluminum (97.5 percent pure).................... 1.672

Zine (VEIy PUI€).........vninieeenaeeenneennannn 3.608
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Brass. .......... . 4.515
Phosphor-bronze................................. 5.319
Ironwire.......... .. ... ... i 6.173
Nickel..... ... . 7.726
Steel (Wire)...... ... .. . i 8.621
German silver........ ... .. ... ... . . ... ... ... 17.300

An examination of the above table shows that the specific
resistance of alloys is very much greater than that of the pure
metals. This is a characteristic property of alloys, which is
taken advantage of in the preparation of wires of high specific
resistance. Even a slight trace of another metal, which by
itself may be a good conductor, has an enormous effect on the
resistance, hence, copper used for electrical purposes has to be
exceptionally pure.

The specific resistance for many practical purposes is expressed
in ohms. (The electrical sign for the ohm is usually shown thus
©.) This is the common term used in expressing the resistance
in an electrical circuit in ohms per cross-sectional unit. For
example, the resistance of 1,000 ft. of copper wire which has a
diameter of }1{¢ in. (No. 10 B. & 8. gage) is about 1 ohm, although
a piece of iron wire of the same length and cross-section has a
resistance of about 6 ohms, and a similar piece of German silver
wire has a resistance of about 17 ohms. Raising the temperature
has the effect of increasing the resistance; lowering the tempera-
ture decreases the resistance. A wire, therefore, which has a
resistance of 6 ohms at 30°C. will have a higher resistance if the
temperature is higher, and vice versa.

Ohm’s Law.—In any circuit through which there is a flow of
current we must obviously have all of the three following factors
present: (1) the pressure or potential difference (volts) which causes
the current to flow; (2) the opposition or “resistance’” (ohms)
which must be overcome to produce a current flow; (3) the
current strength (amperes) which can be maintained in a circuit
as a result of the pressure overcoming the resistance and thus
causing a flow. In any circuit there is always a definite relation
between these three units and, therefore, the value of any one
unknown factor may be calculated when the values of the other
two are known. The law governing these calculations is known
as Ohm’s law.
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RuLE 1.—The current strength in any circuit is equal to the electromotive
force applied to the circuit, divided by the resistance of the circuit.

pressure
Current = ————
resistance
or
E
I ==
R

Ezample.—If a vacuum tube having a resistance of 55 ohms is connected
across a potential of 110 volts what current will flow through the tube?

_E_110
"R 85
I = 2 amp.

The current strength in any circuit increases or decreases directly with the
increase or decrease in the potential, when the resistance in the circuit is
assumed to be constant. If the pressure is constant, the current will increase
as the resistance is decreased and decrease as the resistance is increased.

In other words the current might be said to vary directly with the
e.m.f. and inversely as to the resistance.

Ezxample.—I1f in the above problem the voltage is increased to 220 volts
how many amperes will flow through the tube?

7 - E_ 220
"R 55
I = 4 amp.

RuLe 2.—The amount of electromotive force required to maintain a cer-
tain current strength in a circuit in which the resistance is known, is equal
to the product of the current strength and the resistance

Pressure = current X resistance,
or E = I X R (written IR).

Ezxample—How much pressure must be applied to a circuit to cause 5
amp. to flow if the resistance is 30 ohms?

E=IXR=5X30
E = 150 volts.

The pressure varies directly with the current and resistance values.
For example, if it is desired to send a greater current through the same
resistance, a greater amount of pressure must be applied to the circuit, or
if the same current is to be passed through a greater resistance, then a greater
pressure must be applied.

RuLe 3.—To find the value of resistance required to be inserted in any
circuit, so that a given current will flow under a known pressure: the resist-
ance is equal to the pressure to be applied, divided by the current strength
that is to be maintained.
pressure

Resistance = v
current
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or
- E
1

Ezample—A certain resistance passes a current of 7 amp. through a
circuit at a pressure of 35 volts. What is the value of the resistance?

R

- EF_35
Y
R = 5 ohms.

When a constant pressure is desired its resistance must be cut in half
if the current is to be doubled, or, if there is to be a constant current main-
tained in which the pressure is doubled, then the resistance must also be
doubled.

A simple method of remembering the Ohm’s law application to direct-
current measurements is illustrated in Fig. 9.

For example, if the voltage and amperage in an electrical
circuit is known, the pyramid diagram may be applied as
follows: Place the finger over the unknown quantity, i.e.:
the resistance R. This leaves the remaining letters E and
I for the voltage and current, respectively. Thus the letter
E being above the letter I simply means that the current I
is divided into the voltage E to give R. If the voltage, for
example, was found to have been 100 volts and the current
2 amp., then by the application of the pyramid explanation,
the resistance must be 5 ohms.

Similarly, if it is desirable to find the current I if the voltage E and the
resistance R are known, then by the same application the current can be
determined by placing the finger over the unknown quantity I. For
example, if the voltage E is 100 volts and the resistance R is 50 ohms, then,
by application of the pyramid, it will be found that the current I will be
2 amp. Similarly, if the resistance B in an electrical circuit is 50 ohms and

-the current I 2 amp. then by application of the pyramid the unknown
quantity E can be determined by placing the finger over the E. Thus mul-
tiplying IR we will find the voltage E to be 100.

F16.9.—Ohm’'s

law.

Simple Electrical Circuits.—Ohm’s law shows that, for a given
voltage, the lower the resistance the larger will be the current,
and the higher the resistance the smaller the current.

Circuits are divided into three classes, which are:

1. Series circuits.

2. Parallel circuits.

3. Serics-parallel or parallel-series circuits.

Series Circuits.—Figure 10 shows a simple series circuit in
which may flow a steady current. This is called a series circuit
because the current flows in one continuous path. Furthermore,



ELEMENTARY ELECTRICITY BASIC PRINCIPLES 15

this current is the same at any point in the circuit. An ammeter
placed at any point would give the same reading. The ammeter
is a device for measuring current strength in amperes.

Now, as each of these parts will have resistance, each will have
what is known as an IR drop, which is always direetly propor-
tional to the resistance. Hence, each IR drop represents a cer-
tain amount of e.m.f. expenditure in each part of the circuit, and
the differences of potential produced by the source must equal the
total e.m.f. expended. In other words,
the input must equal the output plus E.M.F(Pressure)
losses. This can be readily seen if the
three parts used in all series circuits are
considered. eeneConductors wo

1. The inside or internal part of the
e.m.f. source, 7.e. batteries, generators,
ete. Resis tance (R)

2. The leads which connect the ap- Tre. 10.—A simple-scries cir-
paratus to the source, 7.e. lines. eutt.

3. The apparatus itself.

Thus, if each one of these parts has a certain amount of resist-
ance and the same current is flowing through them, each will
have an IR drop which is proportional to its resistance. There-
fore the IR drop in the source is called the “internal drop’’ and
that in the line is called the ‘“line drop.” Hence, since each /R
drop represents an expenditure of e.m.f., then the total expendi-
ture of e.m.f. in the circuit will be the sum of the e.m.fs. expended
in each part and, obviously, the difference of potential produced
by the source must equal the total e.m.f. expended. Therefore,
the supply e.m.f. must always supply a higher voltage than is
required at the source terminals. The source voltage is referred
to as a definite ‘‘no-load’’ voltage when no current is being deliv-
ered to the external circuit, and as ‘“load” voltage whenever
current is being forced through the circuit. Obviously, there will
be a certain voltage drop whenever current isdrawn from a source,
the amount, of course, being proportional to the resistance of the
circuit.

1t is seen, therefore, that any source of e.m.f. having a high
internal resistance will not permit a large current to flow in the
external circuit, because even a small current will cause an inter-
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nal expenditure of voltage equal to the total voltage of the source
and, therefore, no voltage will be available at the terminals for
external use.

Figure 11 shows a series circuit with more than one resistance
unit connected in series. Remembering that the same amount
of current passes through every part of the circuit, then the total
e.m.f. will be the sum of all the IR drops. Thus, the equivalent
resistance (a resistance having a total value of the three) in a
series circuit is equal to the sum of the resistances of the indi-
vidual units (assuming the wires to have a negligible resistance)
thus

R, + R, + R; = Total Effective Resistance

|EME
-
EMF ﬁ
| A B

Rl
7, NN AVVMAMANNA

PI ﬁi.' R 2
/\/\/V\/\/\/VWV\/VV\/\/\/\/\,
F1a. 11.—A series circuit with three Fra. 12.—A simple parallel circuit
resistances. (two resistances in parallel).

Referring to Fig. 11, assume each resistance to have 5 ohms

resistance, then what would be the effective circuit resistance?
R\(5) + R,(5) + R3(5) = 15 ohms.

The total resistance in the circuit, therefore, would be equiva-
lent to a circuit containing one resistance of 15 ohms, and so on.
Thus, the current would be equal to the total e.m.f. divided by
the total resistance, or

E

I=R.

An important point to remember in series circuits is that, for a
given voltage, the current at every point in the circuit is inversely
proportional to the total resistance of the circuit.

Parallel Circuits.—A parallel circuit is one in which there are
two or more parts connected between two points in a circuit.
Figure 12 shows a simple parallel circuit consisting of two resist-
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ances R, and R, connected between two points a and b of any cir-
cuit. These resistances are assumed to have a value of 10 and 20
ohms, respectively, and to be connected across a potential of 100
volts.
How many amperes are fiowing through cach rosistance and what is

the total amperage being drawn from the supply line?

R, = 10 ohms.

R; = 20 ohms.

Then by Ohm’s law as applied to a series circuit, the current flowing

through R, is found by dividing 10 into 100 or 7= %

G E
Thus I = Fx
I = 10 amp.
Then, the current flowing through R: will be found in a like manner to be
L E
Ra
I = 5 amp.,

and so on, regardless of the number connected in parallel. The total cur-
rent flowing in the exterior circuit, or in other words the combined current,
is then found by adding the current flow of each part, thus

I=1 +Iz,
or I =10 4+ 5 amp.
I =15 amp.

In parallel circuits, therefore, the total current flowing through any
parallel combination can always be found by applying Ohm’s law to each
branch and then adding the current value of each branch, as in the last
example.

It can be seen, from the above statement, that the total current 7 is
greater than can possibly be obtained through any one branch providing the
impressed e.m.f. is kept constant.

From this, it is quite obvious that the joint resistance of any parallel
combination is less than the resistance of any one of the branches.

For example, if three resistances of 10, 20, and 30 ohms are connected
in parallel, the total effective resistance will be legs than the smallest resist-
ance (10). The effective resistance, therefore, can be accurately found by

the following formula:
1

R = —
1 1 1
mTRTR
where R, = 10 ohms.
Rz = 20 Oth.
R; = 30 ohms.
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Hence
1 1
6 3 2 11 60
60 760 T60 60" 11
R =5 + ohms.

Series-parallel Circuits.—A series-parallel or parallel-series
circuit comprises a combination of series and parallel parts.
Figure 13 illustrates three types of series-parallel and parallel-
series circuits. Once again Ohm’s law must be applied to every
part of the circuit. In analyzing more complicated circuits of
this type, however, it will be necessary first to reduce each
parallel combination to its equivalent series resistance before
combining it with the remainder of the circuit. Then, the circuit
resistance-voltage drop and current flow can be determined by
Ohm’s law.

EMF EMF EMF
— b —} f !P—-\
| | ’ | I

| | |
I R R;
PVAA—AAMNN NS 'v'-‘-‘v'»/\/]\«‘v'v'»/‘ f3—\ »/VVV\} L[:\Nw p
Para/lel Series M

; | | |
SAWVA—AMAMNA SMAWWWAWWARG

Series Simple Series Parallel Series
Paralle! Cireuit Parallel Circuit Circurt

Fi16. 13.—A series-parallel circuit.

For example, if R, and R, is 10 ohms and R is 5 ohms, then by
reducing the parallel combination R, and R, by the parallel
formula we find the resistance to be 5 ohms. Then by adding
R; to the results of B, and R, we find the total effective resistance
to be 10 ohms. The same application can be made to the other
two forms of series-parallel, parallél-series, circuits.

Electrical Work.—Work is the overcoming of opposition
through a certain distance. Resistance can be overcome, when
work is performed. Force may exist without work being per-
formed, as when you push against a wall and do not move it, no
work is done, yet the force exists. In an electrical circuit there is
a force between the two terminals of a generator or battery but
no current can flow through the air between the terminals
because the force is not sufficient to overcome the resistance of the
air: the same would be true of a generator when running on an
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opeun circuit. When a wire is connected across the terminals,
however, then the force overcomes the resistance of the wire and
electrons are set into motion around or through the wire, which
becomes heated. For example, when a lamp is connected across
a generator, the work is represented by the heat and light given
by the lamp as well as by the heat given by the remainder of the
circuit. Thus, the total work performed is the product of the

force, the current, and the time that the current is maintained

and is expressed as follows:
Electrical work = E X I X T (time).

Llectrically we will call the unit of work the ‘‘joule” or the
amount of electrical work performed by a current of 1 amp.
flowing for 1 sec. under a pressure of 1 volt. This would be
analogous to the mechanical unit of work, the foot-pound.

1 joule = 0.7375 ft.-1b.

1 ft.-lb. = 1.356 joules.

If it is desired to find the amount of ““joules’ in any electrical
circuit

J=EXIXT.

Electrical Power.—Power is the rate at which energy is
expended, and is independent of the total work to be accom-
plished. This unit electrically is called the ‘“watt.” To find the
rate in waitts at which energy is expended in a circuit multiply
the volts by the amperes thus:

W=FEXI.

A formula may also be applied to circuits where the wattage is

known but in which the current or the voltage are unknown.
w w

One watt = 0.7375 ft.-lb. per second or 1 ft.-Ib. = 1.356
watt-sec.

One mechanical horsepower = 33,000 ft.-lb. per minute, or

336%00 = 550 ft.-lb. per second.
Hence, to find the number of watts in an electrical horsepower

550

0.7375 746 watts = 1 electrical horsepower
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To find the electrical horsepower in any circuit, or part of a
circuit,

EXI

bp. = =756

When higher powers are used, watts are usually referred to in
“kilowatts,” abbreviated kw. One kilowatt equals 1,000 watts,
and is about one and one-third times as large as the horsepower
unit.
EXI
11,000

For example, a circuit in which the voltage reading is 250 volts
and the current reading is 20 amp., the amount of kilowatts
consumed in the circuit would be

250 X 20 _

Kilowatts =

Questions

. Define an electron.

. What is meant by the term neutral atom?

What is meant by the term electrification?

Define electromotive force, current, resistance.

What is the difference between the ampere and the coulomb?
Give the formula for finding coulombs.

. What alloy has the lowest electrical resistance?

Define Ohm’s law.

. What is the electrical unit for power?

. What is the difference between power and work?

SCENS O PP

it



CHAPTER 111
ELECTROMAGNETIC INDUCTION

Electromagnetism.—If a wire carrying a current of electricity
is held over a compass needle, the needle will tend to turn at
right angles to the conductor, but if the current is turned off, the
needle will again resume its original position. The force which
made this needle turn at right angles to the conductor was the
lines of force, or magnetic field, which surrounded the conductor
when the current flowed through it. This field must have been
at right angles to the conductor, for it was in this direction that

s
N
Conductor *Conductor A« - ~Conductor/] +
e - t’.ﬁ;‘;_’ — <:§:> —
)
No Current Passing Current PossingThrough  Current Passing Through
Through Conductor Conductor Left foRight  Conductor ngH’ to Left

Fia. 14.—Magnetic field about a wire carrying current.

the needle turned when placed in the vicinity of this field
(Fig. 14).

If a current in a conductor flows away from the observer, the
direction of the lines of force would be around the conductor in
the direction followed by the hands of the clock, clockwise.
Conversely, if the current flows towards the observer, the lines
of force will be in the direction opposite to the movement of
the hands of a clock, or counter-clockwise. If two conductors
placed side by side carry the current in opposite directions the
resultant fields are in opposition (Fig. 15a). If the current in
two conductors flows in the same direction and they areplaced
side by side, the fields combine and add to one another’s strength

21
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(Fig. 15b). If a wire is wound in a coil, therefore, the lines of
force in each turn will have the same general direction and will
unite with one another, setting up a strong field about the entire
coil. The magnetic field through a coil of this kind is similar to
that through a bar magnet. If the general direction of the lines
of force is from right to left, the left-hand end will become the
north pole and the opposite end the south pole. If the current
flow through the coil is reversed, the polarity of the ends of the
coil will reverse.

A coil consisting of a number of turns of wire with a current
flowing through it, when the object is to produce a magnetic

o o

F1a. 15a.—Magnetic repulsion Tic. 15b.—Magnetic attraction
(fields repel). (fields interlink).

field, is called a ‘““solenoid.” The magnetizing power of a sole-
noid may be greatly increased, several hundred times at least,
by merely inserting an iron core or bar of soft iron therein.

Induction.—When a current is first sent through a conductor,
the lines of force around the conductor gradually build up from
a zero to maximum field. This all happens in a fraction of a
second. If the current is suddenly turned off, it is readily seen
that the lines of force around the conductor will gradually con-
tract and disappear. This phenomenon must be clearly borne
in mind in order that electromagnetic induction may be under-
stood. If a current flowing through a conductor is increased or
decreased, the lines of force increase or decrease accordingly.

"It is, therefore, easily seen that a magnetic field around an elec-
tromagnet may be increased or decreased by varying the current
flowing through the solenoid.

If a conductor forming a complete electrical circuit is passed
through the cross-section of a magnetic field, a current will flow
in the conductor as a result of an induced e.m.f., the direction
depending upon which way the lines of force are cut by the con-
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ductor. This is the most important phenomenon in connection
with generation of electricity by mechanical means. It is very
important that this be clearly understood. Remember that
every time a conductor is cut by lines of force, an e.m.f. is induced
in the conductor. If now, a solenoid is taken through which is
flowing a varying current, the lines of force about the solenoid
will rise and fall as the current varies. As they rise and fall the
magnetic field around each turn of the solenoid cuts itself and
many adjacent turns and consequently produces a greater e.m.f.
than for one turn the amount of which is dependent upon, the
number of turns, the amount of current flowing through the turns
and the number of lines of force threading the solenoid. This
actionresults in an induced e.m.f. which is in the direction opposite
to the impressed e.m.f. of the coil. (The opposing effect is only
present when the field is expanding.) This tends to retard the
flow. This phenomenon is called self-induction because it is an
e.m.f. induced in a conductor by its own magnetic field.

If a conductor is placed in the vicinity of another conductor
carrying an e.m.f. of varying intensity, and consequently having
a varying field, an e.m.f. will be induced in it because of its being
cut by this varying magnetic field. The current in this conductor
is called an induced current and is due
to the phenomenon called electro-
magnetic induction.

Let us imagine two coils A and B.
A current of varying intensity is flow-
ing through coil A. Coil B being near
coil A has a current induced in it by
induction. As the field in coil A dies
down, the lines of force around coil B
also die down. F1a. 16.—Right-hand rule for

In so doing, they induce an e.m.f. in field direction.
coil 4,50 that a third e.m.f.isproduced
by induection. First, is the original in coil A, second, the induced
e.m.f. in coil B, and, third, a reinduced e.m.f. in A due to B. This
phenomenon is called mutual induction. .

Right-hand Rules.—Several simple rules have been devised to
aid in remembering the relationship between the direction of the
magnetic lines of force and the current flow. Figure 16 shows an
easy way to remember and determine the direction of a magnetic
tield around a conductor if the direction of the current flow is
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known. Grasp the conductor as shown, the thumb pointing in
the direction of the flow of current. The finger tips then point
in the direction taken by the lines of force as they build up and
surround the conductor.

MOTION

Fig. 17b.—Right-hand rule for direction of e.m.f.

The polarity of a solenoid may be determined by grasping the
coil as shown in Fig. 17a. With the right hand grasp the solenoid
so that the fingers point in the direction of the current flow. The
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thumb will then point in the direction of the north pole of the
magnetic field. Figure 175 shows how to determine the direc-
tion of current flow in g conductor passing through magnetic
field.

Inductance is spoken of in the abstract as well as in the physical
form. Induction is the phenomenon produced when electro-
magnetic lines of force build up and recede about a conductor.,
This procedure and its effect are analyzed here. Every conductor
carrying a current is surrounded by lines of force, The number
of lines depends upon the current. When the current isincreased,
the number of lines Increases and when the current is decreased
the flux, as these lines of force are called, also decreases, If the
conductor is coiled so that it has one turn, the same line of force
will be cut twice. If it has three turns, it is cut three times, and
80 on, the number of times a line of force is cut depending upon
the number of turns in the coil.

Now, as was explained before, the cutting of a conductor by
lines of force produces a current therein. It can be understood
that, if the magnetic field about a solenoid or helix suddenly col-
lapses, the lines of force will cut the turns of wire and cause an
amount of energy to flow through the coil. If this coil is large,
much energy is induced and the inductance is said to be large.
If, on the other hand, the coil consists of only a few turns, the
inductive effect is relatively small and it is called a small indyec-
tance. Inductance is, then, that property of a circuit by virtue of
which energy may be stored up in electromagnetic form and has

Self-inductance.—When the “self-inductance” of an electrical
circuit is mentioned it is referred to as‘‘that phenomenon whereby
an e.m.f, is induced in the cirepit itself when the current in the
cireuit changes, or varies.” This important factor the beginner
should understand thoroughly in order to com prehend clearly the
funetion of inductances when they are connected in alternating
current circuits,



26 PRACTICAL RADIO TELEGRAPHY

Referring again to the previous paragraph on induction, in
which it was explained how a current passing through a wire
creates a magnetic field about it, and how this field can be
increased by coiling the wire into helical form and inserting into
it an iron core, let us consider what happens in the circuit itself
when the magnetic field is either expanding or contracting through
a variation of the current flow: remembering that whenever a
current varies, the magnetic field around the wire correspond-
ingly varies (moves). It is extremely important to grasp the
following fact: When a magnetic field appears and disappears,
it produces an e.m.f. in all con-
ductors cut by it. It is imma-
terial whether these conductors
belong to a separate circuit, or
whether they constitute the
circuit (the helical coil referred
to above) in which the mag-
netizing current is flowing.

The e.m.f. which causes the
current to flow through the coil
is called the “applied” e.m.f.

Switch There is an e.m.f. which is pro-

Fre. 18. duced by the circuit itself in-

dependent of the applied e.m.f.,

it is a counter e.m.f., due to self-induction. For example,

examine Fig. 18. Here is a simple electrical circuit, consisting of

a battery, a switch, a resistance,and a coil. In this circuit, a cur-

rent is flowing continuously, whether the switch is open or closed;

the difference being only in the strength of current <.e., when the

switch is open a minimum of current flows, due to the resistance,

and when the switch is closed a maximum of current flows because
the resistance is then short-circuited.

The student will readily sce that in each of these situations
there will be a magnetic field present about the coil. Hence,
when the switch is open the magnetic field of a certain density
extends out from the coil. When the switch is closed, therefore,
the field about the coil will increase in density. In other words,
the field has actually expanded from a minimum to a maximum
density when the switch is closed and from 2 maximum back

Inductance
Applied EM.F
l
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again to a minimum when the switch is opened. Now, it is
quite apparent that if the switch should constantly be opened and
closed, there would be in evidence a moving magnetic field,
expanding and contracting at a definite rate, depending upon the
speed with which the circuit is opened and closed. What effect
would this action have on the circuit itself? This is one of the
most important principles associated with all forms of electrical
circuits in which the current is changing or varying. When a
current is starting to flow in a conductor, due to an applied or
impressed e.m.f., the magnetic field about the conductor is
expanding and becoming denser. During this period of expan-
sion, the field, consisting of magnetic lines of force, is cut through
by the wire or coil by which it is produced. This causes a second
current to be set up in this conductor, but in an opposite direction,
however, to that of the applied or impressed e.m.f. Therefore,
during the period of field expansion, the coil or wire acts as an
opposition to the applied e.m.f. and thus prevents the current in
the circuit from reaching its maximum until the cutting of the
field by the conductor has been completed. This continues
usually for a fraction of a second only but the significance of this
result is readily seen when the circuit is made and broken at a
great rate of speed. Thus far, only the results of a starting or
expanding field have been noted. When the circuit is broken
and the current is decreasing, the process is reversed; the field
as it contracts is again cut by the coil, but as this cutting is now
in the opposite direction another self-induced e.m.f. is produced,
which is now in the same direction as the impressed e.m.f. and
which tends, therefore, to prolong the duration of current. The
value of the back pressure at make is never greater than the
impressed e.m.f., otherwise the current could not rise in value.
Its value at break however, is not limited by any such condition
and, therefore, when the break is very sudden, its value at that
instant may be very great.

Again, the magnetic field around a steady current represents a
certain amount of energy stored up in the surrounding space.
For example, it may be said that the energy was supplied at the
expense of the current in the circuit when the e.m.f. was started,
and that this same energy was returned to the circuit when the
current was stopped. The starting of a current in a cireuit,
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therefore, resembles in a logical manner, the starting of some
heavy mass, a grinding wheel, for example. It cannot be started
suddenly, nor does it naturally stop suddenly. Here the starting
of the wheel would be analogous to a force overcoming the
inertia of the mass or in electrical terms the inductive circuit
1s analogous to a body of great mass. Referring again to the
wheel, the amount of energy associated with it when in steady
motion, and the magnitude of all the effects depending on that
energy, will vary with its mass. This example may be referred to
whenever doubt exists as to the function of an inductance con-
nected to a circuit in which the current is changing or varying.
“Belf-induction’ in a circuit, therefore, tends to prevent a change
in the strength of the current flowing through it.

Hence it can readily be seen that the greater the number of
turns in a coil, or, even more so, the greater the amount of iron
in a coil, the greater will be its self-inductance, and therefore,
the greater the self-inductance of any circuit the greater will be
its property to oppose the e.m.f. impressed upon it. From this it
can clearly be understood that there might be a possibility of a
circuit having a self-inductance so large that no current of a
varying character could pass through it. A coil possessing these
properties is called a ‘“choke’’ coil.

The unit of inductance is the henry (k), the value of which
depends upon the rate of current variation through a coil, the
number of turns of wire in the coil and the amount of iron in
the core, if an iron core is used. A coil is said to have an induc-
tance value of one henry if a varying current of one ampere per
second produces in it an e.m.f. of one volt. But the inductance
unit 1 henry is too large for practical purposes and instead the
units mallthenry and microhenry are used which are respectively,
one thousandth and one millionth of a henry.

Summary.—Two important rules that the student must
remember before proceeding with the next chapter are the
classification of the two terms, “self-induction,” and “mutual
induction.”

Self-induction is that phenomenon whereby an e.m.f. is induced
in the circuit itself when the current in the circuit changes or
varies, and is always in the direction opposite to the impressed
e.m.f. during the period that the field rises.
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Mutual induction may be defined as that phenomenon between
two circuits A and B whereby an e.m.f is induced from circuit
A into circuit B when the field in the circuit A expands and
contracts due to a varying current flowing in it.

To explain further: look at the Fig. 18a in which there are two
coils A and B. If a current is caused to flow through coil A
there will be immediately induced into coil B an e.m.f. which
will in turn induce a tertiary current in coil A. This reaction of
induction between two current carrying conductors placed near
together (in inductive relation) is termed mutual induction
because the effects are mutual, from A to B and from B to A.

Lines of Force Cutting Lines of Force Moving Parelle]
Through Coil  withTurns of Lol

Fig. 18a.—Maximum e.m.f. Fig. 18b.—Minimum e.m.f.
induced in B. induced in B.

However, if the coils A and B are placed at right angles to
one another as in Fig. 18b practically no e.m.f. will be induced
because the moving magnetic field of coil A will not cut the con-
ductor B. This is due to the magnetic lines of force from coil A
moving parallel to the direction of the turn windings in coil B.

It can thus be readily seen that a change in the angular posi-
tion of coil B in a moving magnetic field would result in a mini-
mum or maximum induction between the coils depending entirely
upon their angular relation.

Questions

1. Define electromagnetic induction.

2. What is meant by the term self-induction?

3. When is the greatest opposition offered to an impressed e.m.f.?

4. What are several means with which the self-inductance of a circuit
may be increased?

. What is meant by the term mutual induction?

. Give a simple illustration of a circuit having high self-inductance.
. Draw a simple diagram illustrating mutual induction.

. What is a solenoid?

. How can the polarity of a solenoid be determined?

10. How can the direction of the magnetic field about a conductor be
determined?

W0 00~



CHAPTER 1V

ALTERNATING-CURRENT AND DIRECT-CURRENT
GENERATORS

The Simple Alternator.—Figure 19 shows a simple illustration
of the alternator principle in which a conducting loop abcd, is
arranged in a position so that it can be rotated on its horizontal
axis in the air space between the two poles of a magnet N and S.
The loop has an outlet to two rings and brushes from which the
alternating current can be drawn for external use.

It has been shown in the preceding chapter how an e.m.f. may
be induced in a conductor by causing it to cut a magnetic field.
Bearing this theory in mind, apply it to the elementary alterna-
tor and proceed to analyze the induced action in steps.

Position I is the starting point of the loop and, incidentally,
represents the neutral position of the loop with respect to the
field from N to S. At this instant, the sides of the loop are
moving in a direction parallel to the lines of the magnetic field,
and the induced e.m.f. at this instant is zero.

If it is assumed the loop is to rotate in a clockwise direction
it will be quite evident that the loop upon reaching position II
has gone through an angle of 90 deg. and during this time it has
cut a certain number of magnetic lines of force. The conductor
having moved in the magnetic field, therefore, will have had
induced in it an e.m.f., which in turn creates a current flow in
the conductor in the direction ABCD.

When the loop reaches position II1 it is again parallel with the
magnetic lines of force (flux) and for this instant no e.m.f.,
is induced; continuing the movement in the clockwise direction
up to position IV, the conductor has once more cut a certain
number of lines and again an e.m.f., and consequently a current
flow is induced. Note carefully, however, that the sides AB and
CD have completely reversed their position, 7.e. sides AB which
were at the N pole of the magnet in position II are now at the

30
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Therefore, the e.m.f., which has been

S pole of the magnet.

generated in the loop during the first half revolution has now
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When position V is reached the loop is

again parallel with the magnetic flux and no e.m.f., is induced.

changed its direction.

Sides AB and CD are now again in their starting positions, and
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if the loop is again rotated in the same direction another complete
cycle of e.m.f. will be generated. It must be clearly understood
that the induced e.m.f. at any instant is dependent upon the
rate at which the lines of force cut the conductor. For example,
if the e.m.f. at the alternator loop terminals measures 100 volts
when revolving at a speed of 1,800 r.p.m., then at a speed of
3,000 r.p.m. the e.m.f. would be greater than 100 volts. This
can be clearly seen if we consider that the loop cuts more lines of
force in the same period of time due to its greater speed. It is
now evident that during the 360-deg. movement of the loop two
alternations of current have taken place through the external
circuit B. These two alternations of current constitute one
cycle of alternating current and is usually expressed in “cycles

r- ---------- Cycle ->I
J/_*\f( Alternation >{
B I | -

'(- —-Alternation-- )J

F1a. 20.—One cycle of alternating current.

per second” or “frequency.” Thus, an alternator is a device for
producing an alternating current, or, in other words, a current
which reverses its polarity periodically (Fig. 20).

The frequency is therefore equal to the number of cycles gener-
ated in a second, or is sometimes expressed as the number of
alternations per minute. For example, in an alternator having a
frequency of 500 cycles per second there are 1,000 alternations
a second. It is preferable to specify in cycles per second as this
is the more usual practice, for example, a 60-cycle alternator,
a 120-cycle alternator, a 500-cycle alternator, and so on.

The following formula shows how the frequency of an alter-
nator may be determined.

F=_X

where F = frequency in cycle per second.
N = number of field poles.
S = speed of the armature in revolutions per minute.
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Ezample 1.—A certain alternator has 24 field poles and runs at 3,500 r.p.m.
What is its frequency ?
24 3,500
F = 2 X a0 - 700 cycles per second.
Ezample 2—An alternator is run at 600 r.p.m. and is to givca
frequency of 6V cycles per second. What number of poles is required?

2160
v =5
2 X 60 X 60
hence N = 600 = 12 poles.

Types of Alternators.—The magnets of the alternator are
referred to as the “field magnets’” or simply the ‘field.”
In all alternators, used in radio equipments, the field magnets
are electromagnets which are ener-
gized by a direct current passing
through the winding on the core of
each pole in a direction that will keep
the poles alternately N and S around
the circumference. In Fig. 21, the
path of the flux is out from the N
pole, across the air gap to the S pole,
and so on around the circumference,
thus completing the complete field
energizing circuit.

SIS i),

There are three types of alterna- Freld
tors. Regulertor

1. The revolving armature type. Fic. 21.—The simple alternator.

2. The revolving field type.

3. The inductor revolving type.

The revolving armature type has the field poles fastened
directly to a frame which, in turn, is bolted to the body casing or
bed plate of the generator unit. The armature revolving in this
field generates in itself an e.m.f., of alternating characteristic inan
identical manner with the simple loop in Fig. 19. This type is
shown in Fig. 21 and will be referred to as the “revolving arma-
ture’”’ or “stator field”” alternator.

The revolving field type is generally used in large alternators in
which high voltages are to be generated. This is shown in Fig.
22. Here the rotating field coils are excited by a direct-current
e.m.f. whereby an alternating e.m.f. is induced in the stationary
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poles windings as soon as the field is rotated. Note the differ-
ence: in the stationary field-type alternator the alternating e.m.f.
is generated in the rotating armature winding and taken out to the
external circuit by collector rings, whereas in the revolving field
type the alternating e.m.f. is taken out from the stationary pole
windings, now the armature, when the rotating field is excited by
a direct current through collector rings. The student will note
that in either type of alternator the theory of induction holds
true, i.e., an e.m.f. may be induced into a conductor if the con-
ductor is moved in a magnetic field or, an e.m.f. may be induced
into a conductor if the conductor is placed in a moving magnetic
field.

Batteries or

7 2 rect-Current
Alfernating- L Direc /
Curzw:ﬂf;Oiiru{yvf T8 % \Genemfor(i'xc/fer)
E Freld [ - .A Nk 7% P
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s N '_ oy <

TVvArmature
Pole ®

s Stationary
Armature
J
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F1g. 22.—Rotating field-type alternator.

In the first type of alternator the alternating e.m.f. is generated
1n the armature if it is revolving in a properly excited stationary
field and the alternating current can then be taken from the
armature by collector rings and, similarly, an alternating current
can be taken directly from the stationary winding of the second
type of alternator when the field is rotating around it, provided
the rotating field is properly excited as in Fig. 22. In other
words, the stator coils take the place of the rotating armature in
type two and might readily be referred to as a “stator armature.”

Inductor Alternator.—In the inductor alternator the armature
and field windings are fixed, but a revolving rotor of steel with
toothed projections rotates in the magnetic path of both windings.
This rotor is a solid mass of steel and carries no winding (Fig.
23). The theoretical action can be clearly understood from Fig.
24a. The rotor when revolving in the excited magnetic field
periodically varies the reluctance. (The reluctance of a magnetic
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material may be defined as its opposition to the creating of
magnetic lines of force in a material. In other words the
reluctance is to a magnetic body as resistance is to an electrical

Alfernator Armature
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Commutator, \
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Motor Armature 24
¥

der
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F1a. 23.—Parts of an inductor-type alternator.

body.) And thus this periodical variation produces a constant
increasing and decreasing effect upon the magnetic flux. There-

- Armaturé Winding

F1a. 24a.—A section of an inductor-type alternator.

fore, when the flux is increasing, the induced e.m.f. will have a
certain polarity. Then upon decrease the induced e.m.f. reverses

Excifation 5o~ Generating
Winding "1/—\’){;: viuo 0 D™ Winding
2 ., (Gtationary)

Gfahbnar\y},‘;\". F))A%' ¥ ’
> 22
Frold é Sfee/[oofhed

S R
Rheostat ( 7 & o erar
(Power Control). 0

s vyl )
D.C. kb} Exc///ng L _ A.C. 500~
Freld
F1G. 24b.—Wiring diagram inductor-type alternator.

and an alternating e.m.f. is generated. This type of alternator
is used in practically all of the commercial 500-cycle generators
and in the future will be drawn as in Fig. 24b.
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The direct-current generator may be distinguished by the com-
mutator which takes the place of the slip rings. The function of
the commutator is to connect the brushes automatically to a
given armature coil when the current in that coil is flowing in a
given direction. It will be remembered from the explanation of
the alternator that a current will be induced in the armature coil
in a certain direction when it is passing through the flux of the
field in a certain direction. Now, if this coil can be immediately
disconnected as soon as it begins to cut the lines of force in the
opposite direction, at which time the induced current reverses
itself, and another coil passing the same way but sometwhat later
(fraction of a second) is connected to take its place, a series of

:Direction of Rotation

F1c. 25.—A simple direct-current generator.

current pulses all in the one direction will be conducted to the
brushes. If, then, these pulses occur in very rapid succession,
the effect of a current of constant value will be obtained. This is
exactly what happens in the direct current generator. You will
note that a direct-current generator is different from an alternator
in that it does not produce alternating current but an even vary-
ing pulsating current in one direction only.

Figure 25 shows an elementary type of commutator with only
two segments, as sections X and Y are called. In the case of
commercial-type machines, the commutator may have from 20 to
100 or more segments. The commutator is made of copper, and
each segment is insulated from its neighbor, and the commutator
as a whole well insulated from the shaft.

Direct-current generators are always made with a stationary
field and a rotating armature. There are three methods of con-
necting the field and the armature, each of which is good for a
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particular purpose. These methods of connection are shown in
I'igs. 26a, b, and c. They are known as shunt, series, and com-
pound connections.

The direct-current generator is usually self-exciting and it is
not necessary to excite the field separately as with the alternator.
The exciting current for the direct-current generator is obtained
from its own armature. By following out the path of the current
in a machine of this type it will be noted that any current, or
portion of that current, which flows through

the armature also flows through the field . 8003 oY
windings. The fields of the direct-current
T

=0

generator have residual magnetism which is ';}:lL'
that magnetism which remains in the fields a.Shunt oz
in a small quantity after the machine has
come to a standstill. This residual mag-
netism is enough so that when the armature
commences to rotate there are enough lines
of force surrounding it to induce a small cur-
rent in the armature windings. As this cur-
rent flows through the armature it must also
flow through the field. As soon as this hap-
pens the field commences to increase, and as
the field increases, it increases the current
induced in the armature. This continues

until the machine has “built up” at which f §;20; _Three t¥pes
time it is generating its rated voltage at a erator windings.
predetermined rate of speed.

The various methods of connecting the field and armature of
the direct current generator will now be considered. When the
field and armature are connected directly in series, it is called a
series machine. When the field is connected in shunt or parallel
(field across armature) it is called a shunt machine. When a
machine has two field windings, one series and one shunt-field, it
is called a compound machine. These methods of connection
were referred to before and are shown in Fig. 26.

C.Compound

Questions

1. What is a generator?
2. Upon what principle does the alternator function?
3. What are some types of alternators?
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. What is the definition of frequency?
. Give the formula for finding the frequency of an alternator.
. Describe the inductor type alternator.
. Describe the direct-current generator.
. What is the difference between an alternator and a direct-current
generator? o
9. Draw a diagram of a shunt-wound generator.
10. If the generator ficld winding burned out what would be the effect?

00 =1 O W



CHAPTER V
MOTORS AND ARMATURES

Electric Motors.—An electric motor is a device for converting
electrical energy into mechanical energy. The function of a
motor is just the opposite from that of a direct-current generator
or alternator, as defined in the previous lesson. A motor will
produce mechanical energy only when an external source of
current is forced through its windings by an impressed voltage.

The direct-current motor is the same as the direct-current gener-
ator in details of construction and may be used as such. The
basic principles under which it operates are explained as follows:
When a wire carrying no current lies in a parallel magnetic field,
the magnetic lines pass from one pole to the other undisturbed
whether the wire be at rest or in motion. When a current flows,
however, it sets up a circular magnetic field of its own about the
wire or conductor. The direction of travel of the circular lines
in relation to the direction of current through the conductor is
the same as that of a right-hand screw or bolt; the threads
represent the circular lines, and, when the bolt is turned, its
forward direction represents the travel of the current. This
circular field distorts the parallel magnetic field in which the
conductor lies, making the lines denser on one side and less dense
on the other side of it. The conductor then tends to move out
of the magnetic field at right angles to both the field and the
direction of current.

When an external source of electromotive force or e.m.f., is
applied to the terminals of a direct-current motor, a current is
forced through the armature windings and the field. That
portion of the current which passes through the field windings,
sets up the magnetic field between the pole faces. The armature
conductors lying in this magnetic field and carrying current are
repelled out of the magnetic lines and other conductors are
carried in between the pole faces. The current flowing in the

39
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conductors just entering the magnetic field is kept in the same
direction as that in the conductors leaving the field by means
of the commutator, which reverses the current in the armature
coils at the instant the coil is at the neutral point between poles.
Figure 27 shows the attraction and repulsion between the mag-
netic fields and the conductors of a motor.

The commutator is a device for changing the direction of cur-
rent flow in the armature coils of a direct-current motor and to
change or rectify an alternating current, or e.m.f., in the case of a
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Magreti Flux” /" WBrush
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F16. 27.—Effect of armature and field current.

Flowing in Field Coils’

direct-current generator., The function of the commutator on a
direct-current motor is to maintain the proper direction of cur-
rent flow in the armature coils in relation to the magnetic field,
so that the rotative effort of all coils will be in the same direction.
All direct-current motors are equipped with commutators, and
they are also used on some types of alternating current motors.

Torque is the measure of the tendency in a body to rotate.
It may be expressed in foot-pounds, or in pounds of force at a
given radius. It is not necessary that there be motion in order
that there be torque. As an example, suppose the emergency
brake on an automobile is tightly set so that the rear wheels
cannot possibly move. If power is now applied, not enough to
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cause the brakes to give away, a force is exerted on the wheels
although there is no motion. Torque is the twisting power
exerted on an object. It is easily seen that an enormous torque
may be applied and not a single foot-pound of work done. Tor-
que in an electric motor varies as the product of the field density
(flux) times the armature current.

Types of Motors.—Direct-current motors have their fields
and armatures connected in various ways. Figure 26 shows the
kinds of generator connections used and this figure will also
serve to explain the motor connections. It is to be remembered
that the only difference between a direct-current motor and a
direct-current generator is that one is driven mechanically and
sets electricity in motion, while the other is driven electrically
and produces mechanical energy.

Shunt Motor.—The shunt motor is used for service in which
constant speed is an important factor. This type of motor, once
it has reached full speed, will maintain this speed in a very
steady way, regardless of variation of the load.

In order to understand why this type of motor behaves in this
way, look at Fig. 26a. Assume that a current is impressed across
Y and Z. This will excite the field windings. As long as the
impressed e.m.f. remains constant, the field strength and excita-
tion current will remain constant. A current which is in unit
proportion to this excitation current will be forced through the
armature. The motor armature now commences to rotate and
attains a certain speed. The armature is now producing a
counter e.m.f., due to its conductors cutting the magnetic field,
which, when the motor is running at no load, is very nearly equal
to the impressed e.m.f.; therefore, at no load practically no
current (amperes) is flowing through the motor.

Assume that a load is suddenly thrown on the motor; it slows
down slightly, but not very much. As this happens the arma-
ture will cut a smaller number of lines of force per second and
will produce a smaller counter e.m.f. Because of this the cur-
rent (amperes) flowing through the armature coming from the
source YX increases. This increases the torque (turning effort)
of the armature and the original speed of the motor is maintained.
Now if the load is taken off, the motor speeds up somewhat, the
armature cuts more lines of force per second, which in turn
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induces in the armature a greater counter e.m.f., preventing the
motor from gaining more speed. It is, of course, true thata shunt
motor does vary slightly in speed, but for correctly designed
machines this variation is so slight that for the purpose of theo-
retical explanation it may be disregarded.

Series Motor.—This type of motor, shown in Fig. 26b, is
used on service requiring quick acceleration with a heavy load,
such as electric railroad trains, locomotives, street cars, electric
hoists, etc. The load must never be taken off a series motor, for
if this happens it will race and tear itself to pieces. The torque
of the series motor varies almost as the square of the armature
current (amperes). It will be noticed that the field and armature
windings in this type are connected in series and it is from this
that it takes its name. Series motors have a very powerful
starting torque. Bear in mind that a rapidly rotating armature
sets up a counter e.m.f. which is, in effect, the same as resistance,
in that it tends to oppose the flow of current through the arma-
ture. When the motor is at a standstill the resistance of the
armature is relatively low and the current which can force its
way through is relatively large. As the armature current is
large, so must the field current be large, and the result is a dense
magnetic field produced by the field coils. Furthermore, as the
torque varies as the product of the field density times the arma-
ture current, the torque in the series motor is very large at the
start. As its speed increases, the armature current, due to
counter e.m.f., decreases the field current, the field density, and
finally the torque. When the torque decreases the speed
decreases. From the above explanation it is seen that the speed
of the series motor would vary directly with the load.

Compound Motor.—This type of motor has the characteristics
of both the series and the shunt machine. It is employed in such
services as require a large starting torque and a constant speed
under load. Because of its series field, it is able to gain speed
quickly under a load; and because of its shunt field it maintains
an even speed when the load is suddenly taken away or varied.
These are designed especially for constant speed under quick
changes from no load to full load. In a radio transmitter the
motor is practically running light until the key is depressed when
full load is thrown upon it immediately.
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Armatures and Armature Windings.—Since the time of the
development of the electric dynamo, two forms of armature
windings have been used, 7.e., ring windings and drum windings.
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F1a. 30.—Lap-wound armature winding.

The latter is the only type used at the present time. Figure 28
shows the general form of the difim-wound armature. The core




44 PRACTICAL RADIO TELEGRAPHY

is made up of a number of thin sheets or laminations of soft iron
which are mounted on the armature shaft. The laminations are
so cut that when they are put together they form grooves into
which the armature coils fit snugly. The coils are placed length-
wise in the slots and the two terminals of each coil are connected
to two segments of the commutator.

There are two general forms used in winding drum armatures—
the lap winding and the wave winding. In order that the student
may understand how these terminals are connected to the com-
mutator segments, an illustration of both windings is given in
Figs. 29 and 30.

Differentially Wound Motor.—The differentially wound motor
18 a compound machine on which the series field is connected so
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Fia. 31.—A differentially wound ecompound motor.

that it is in opposition to the shunt field. This results in an
automatic regulation of speed under varying loads. Remember
that a weak field permits the motor to speed up. Now then
look at the diagram (Fig. 31) which shows the fields as being
opposed one to the other. Imagine the motor running at normal
speed. If a sudden load is thrown on the machine it will slow
down just slightly. As this happens the counter e.m.f., produced
by the motor armature decreases, allowing more current to flow
through the armature circuit. The series field of the differen-
tially compounded motor is, as in all other compound machines, in
series with the armature and, therefore, if the armature current
is increased, the series-field current increases, which in turn
increases the field of force produced by this field. But this
increase in field density instead of augmenting the field of the
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whole machine, bucks the shunt field (it is connected in opposi-
tion), and the resultant is a weaker field, which allows the machine
to increase its speed.

When the load is decreased, the current in the armature is
decreased, and the series or opposition field, as it might be called,
is also decreased, which allows the shunt field to exert its full
influence to produce a strong field and thereby prevents the
armature from turning too rapidly.

It is seen, therefore, that the series field of a differentially
compounded motor serves as a very good speed regulator. This
type of motor is used to a considerable extent with radio
equipments.

Dynamotor and Rotary Converter.—These machines use the
same armature both for the purpose of a motor and a generator.
The principal advantage of this construction is that the armature
.is much shorter than the ordinary motor generator armature and,
therefore, only two bearings are required, and the machine as a
whole takes up much less space. They are employed to generate
an alternating current from a direct-current source of supply, and
vice versa.

The rotary converter has a single winding for both alternating
and direct current, but the dynamotor has two distinet windings,
one for the motor and the other for the generating functions of
the machine.

Questions

. What is an electric motor?

. Upon what principle does it operate?

. What is the function of the commutator?

What are three types of motors?

What is meant by the term counter e.m.f.?

. How can the speed of a motor be increased?

. Draw a diagram of a simple shunt-wound motor.
. What are two types of armature windings?

. Describe a differential compound motor.

. What is a rotary converter?

SOOI U N
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CHAPTER VI
STARTING DEVICES

Hand Starters.—Figure 32 shows one of the most common
types of hand starters. It is here shown connected to a shunt-
wound motor. The function of the starting box is to prevent the
armature of the motor from being burned out, which would
surely happen if the current was applied instantaneously by
merely closing a switch. A study of the diagram will show that
the starting box consists of a number of resistance coils which are
gradually cut out of the circuit as the handle is pulled over
towards the right. The starting box resistance compensates
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F1a. 32.—General Electric starting box and shunt motor.

for the low counter e.m.f. of the motor armature, which is very
low until it has attained full speed.

The counter e.m.f. builds up, as the speed of the machine
increases and the resistance of the hand starter may, therefore, be
gradually decreased.

Every hand starter has a no-voltage release magnet or a no-
field release magnet. This magnet if in the field circuit, and
should the current in the field circuit be interrupted for any
reason, will lose its magnetism and the handle will fly back to the
off position. The handle is fitted with a spring which tends to
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keep it on the off position and it will not stay over to the full
speed point unless the attraction of the release magnet is strong
enough to hold it there. The starting box shown in Fig. 32 is the
type made by the General Electric Company, and has four
connecting posts, indicated in the diagram by the letters L, L, 4,
F, which mean lines, armature, and field.
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F1a. 33.—Cutler-Hammer starting box and shunt-wound motor.

Motor
Armature

Another type of starter commonly used is made by the Cutler-
Hammer Electric Manufacturing Company, and is fitted with
three connecting posts. This starter is connected somewhat
different from the four-post type and is shown in Fig. 33.
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F1a. 34.—Salt-water rheostat.

The handle of the starter must be pulled over very slowly, as
the motor must be started neither too rapidly nor too slowly.
If the motor is started too quickly, the fuses in the line will blow,
or if the circuit is provided with circuit breakers, they will imme-
diately open (see page 87). The reason for this is that the
motor armature, as was explained before, has a very low resist-
ance and, therefore, draws a very heavy current until it attains
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its regular speed. There is no special rule to follow in starting the
motor with a hand starter, but the speed at which the handle
should be moved over can soon be determined by gaging the
acceleration of the motor. Radio transmitting set motors are
relatively small and are usually started in from 15 to 20 sec.

The resistance coils of the hand starter are meant for temporary
starting duty only, and if the current is allowed to flow through
them for too long a time, it might result in one of them burning
out. Pulling the handle over too slowly would cause this, and
would have the above result. The remedy for a burnt-out resist-
ance coil is to short-circuit it until it can be repaired. If more
than one resistance unit is burnt out, however, it would very
likely be dangerous to use the box at all. It would be better if
some emergency device, such as the water rheostat shown in
Fig. 34 were used.

Automatic Motor Starters.—Figure 35 shows a complete
circuit diagram of the automatic starter used on the Radio Corpo-
ration P-8 2-kw. 500-cycle set. The advantage of the automatic
starter over the hand starter is that the former possesses the
advantage of uniform acceleration of the motor when starting.
There is less danger, therefore, of injuring the motor or the fuses
in the line. There are numerous types of automatic starters on
the market, but as the principle under which they operate is the
same, only the type shown in Fig. 35 will bediscussed. This
automatic starter is equipped with an overload relay switch which
acts as a main-line circuit breaker. It will be observed that
there are three resistance units connected in series with the motor
armature. The field winding of the motor is connected in shunt
with the direct-current line through a field rheostat. This rheo-
stat regulates the speed of the motor generator set as a whole and,
consequently, the frequency of the alternator. The alternator
voltage is controlled by a field rheostat as shown. The antenna
switch controls the starting and stopping of the motor generator
set. It will be noticed that the generator field windings remain
open until the last contact to the right, on the automatic starter,
is closed. As soon as the starting circuit is closed, the plunger of
the automatic starter moves upward in the direction of the arrow.
As this movement continues, the resistance is cut out gradually in
three steps.
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The overload relay has a tripping magnet and a holding mag-
net. If, in any way, more than a predetermined number of
amperes flows through the tripping magnet, the lever of the over-
load relay is drawn up, breaking the circuit to the automatic
starter. It will stay in this position until the trouble, or the cause
of the excessive current through the armature, is remedied.

Electric Controller & Manufacturing Co. Automatic Starter.—
When the line switch, LS, is closed, (Fig. 35a) it connects two
circuits; one through the main contact, MC, to the motor and the
other through the auxiliary contact, AC, to the shunt holding
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Fic. 35.—Automatic motor starter.

coil SHC. With the line switch closed, current will flow from
the positive side of the line (4) through the armature, all of
the starting resistances, Rs;, R:and Ri, through the coil C, and
to the negative side (—) of the d.c. line. Current will also
flow through the shunt field. The motor starts and as it gains
speed the current flowing through the armature becomes smaller,
When the motor current is reduced to a certain amount, Cy
operates, and its contact plate, CP;, makes contact with the
laminated brushes, B;. Current now flows from positive through
the line switch, armature, Rs, Rs, Coil C, the brushes and contact
plate B; and CP;, operating Coil C, and then to the negative side
of the line. The resistor, Ri, has been short circuited and the
operating coil of contactor 2 has been inserted in the motor circuit.
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The short circuiting of R, increases the armature current, but
as the motor continues to gain speed the current is reduced to
the same amount as before; Contactor 2 operates, and CP,
makes contact with B,. This operation now short circuits R,
and R.and inserts the operating coil of contactor 3 into the arma-
ture circuit.

As before, the motor current is increased, but as the motor
gains speed the current is again reduced; C; operates causing CP;
to make contact with B;. All of the operating coils and all
of the starting resistances are now short circuited and the arma-
ture is getting full line voltage and is revolving at full speed.

D.Clime

Shunt _ o
Freld Fei | lis#
X S an

Rheostat """l yd AC MC
Armature:

sHe

Fig. 35a.—The Electric Controller and Mfg. Co.’s automatic starter (Type
A series contactor).

Since the operating coils are short circuited, practically no
current passes through them, and C, and C, drop open, but C;
is held closed by itsshunt holdingcoil SHC. This isasmall shunt
coil, in the top of the contactor, which is not strong enough to
operate the contactor, but is strong enough to hold it closed after
the series operating coil has closed the contactor. If the motoris
running upon a light load, the motor current may become so
small that the series coil would not hold the contactor closed, and
hence the shunt holding coil is used.

Questions

. What is the function of the starting box?

. Draw a diagram of a shunt motor connected to a starting box.

. Do the starting resistances function permanently or temporarily?
. Draw a diagram of an automatic starter

. Explain fully its operation.

QU WO N



CHAPTER VII
PRIMARY AND SECONDARY CELLS

The Production of Electromotive Forces by Chemical Action.—
When two dissimilar substances are placed apart in certain chemi-
cal solutions, a difference of potential will be found to exist
between them. Of these substances, copper and zine, or carbon
and zine, immersed in a solution of sulphuric acid and water,
are most commonly known.

Figure 36 shows the essential parts of a simple cell in which
two dissimilar plates of carbon or zine, or copper and zinc, are
immersed in a dilute solution of sulphuric acid. Here the dif-
ference of potential between the

Wi
plates is generated by an attack ﬁ,iefw
by the acid upon one of the plates \
(zine). This results in an evolu- A

tion of hydrogen gas from the zinc ffﬂ-! N
plate but none from the copper Corson.
plate. As soon as the two wires 7727 ||
are connected at the terminals of j
the cell, however, an increased &N
evolution of gas will result which —~iL___—

now comes from both plates. 295EL Sl ciil'l"ple primary wet

This action results in the pro- ’
duction of an e.m.f. which causes a current to flow through the
two connected wires. Cells which are capable of producing this
effect are called “primary’’ or ‘‘voltaic’’ cells.

Theoretical Action of Primary Cells.—When zinc dissolves in
sulphuric acid, energy is liberated in heat, which raises the
temperature of the solution. It is quite true that this genera-
tion of heat may be accepted as a definite amount of energy
expended, but when a piece of zinc is placed in a solution of
sulphuric acid, or even of common salt in conjunction with a piece
of carbon or copper, other possibilities arise. It is this point

141
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that naturally interests the student. What are the other possi-
bilities? The obvious question is: How does the chemical
action produce an electromotive force which results in a flow of
current through the two wires from the positive (+) to the nega-
tive (—) point?

The chemical structure of the sulphuric acid must first be
analyzed. All substance is made up of a combination of atoms
and when these atoms are of unlike polarity they may tend
to combine. If they do, the combined effect is called a molecule.

When sulphuric acid is mentioned, therefore, a certain number
of atoms which have combining properties must be conceived.
It is for this reason that the formula H:SOjy is called a molecule
of sulphuric acid.

H; = 2 hydrogen atoms.
S = 1 sulphur atom.
04 = 4 oxygen atoms.

When the H,SO, molecules are dissolved in water, part of them
will become broken up. The extent of the break depends upon
the percentage of dilution, which is found to increase with the
dilution of the solution. Thus, instead of H,SO,, H, H, and SO,
are obtained. These particles have now been dissociated from
their ordinary state H.SO, to H, H, and SO, and, therefore,
they do not maintain their ordinary chemical properties because
each carries an electric charge.

When atoms are in this broken-up state they are called free
atoms and, of course, are in a charged condition. Sometimes
one kind of an atom carries more charge than another kind, but
the greater charge is always some simple multiple of the smaller
one. It is quite probable that the electrical forces due to these
charges are the cause of chemical relationship.

Thus, when a charged atom, or atoms, is meant they are
called ‘“‘ions.” If the charge is removed, the particle is no
longer called an ion, and instantaneously resumes its ordinary
chemical behavior.

In accordance with the above theory, a dilute solution of
sulphuric acid contains a number of free hydrogen ions, each
one having a positive charge, and half of that number of the SO,
combinations will have a double negative charge. Therefore,
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as soon as a plate of zinc and a plate of copper are placed in the
solution of sulphuric acid there is immediately a tendency for the
zine Zn to combine with the SO to form zine sulphate (ZnSO,).
This combining effect, it will be seen, is due to the breaking up of
the zinc atoms at the surface of the zinc into a positive and a
negative particle, the positive particle being called a *zinc ion”
and the negative particle an ‘“‘electron.” The SO, charge of
negative polarity, therefore, will tend to combine with the
zinc ion of positive polarity and will form the zinc sulphate.
This sulphate, which is now a neutral combination of atoms,
dissolves in the water and is of no value in the operation of
the cell.

The free electrons, or negative charges, are still present, how-
ever, having been dissociated from their positive partners
when the latter combined with the SO, This leaves the free
electrons of the zinc and the positive ions H, of the electrolyte
in a sort of a strained state which will tend to create a movement
of electricity when the two plates of copper and zinc are con-
nected externally by some conducting material. In other words,
the zinc now has an accumulation of electrons upon it and as
soon as an external wire is connected from the zinc to the copper
terminals the electrons will move up through the zinc plate and
around the external conductor to the copper plate, which is the
other electrode of the cell. This movement of electrons around
the external wire from the zinc to the copper is due to the
tendency of the electrons on the zinc to repel one another and,
therefore, an upward movement through the conductor results.
As soon as the electron reaches the copper plate, having passed
through the external conductor, the remaining positive ion H,
of the electrolyte is attracted to the copper strip. Here each
positive ion combines with a negative electron which has just
been passed through the conductor from the zinc. The combin-
ing of these two particles forms an atom of hydrogen. Hence,
these hydrogen atoms form into bubbles of hydrogen, rise to the
surface, and evaporate into the atmosphere.

The student will readily sce from the above theory, that there
is a constant movement of negative ions SOy to the zinc plate and
a movement of hydrogen positive ions to the copper plate, inside
of the cell which in turn generates a movement of electrons through
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the external circuit from the zinc to the copper terminals. The
electronic flow is, therefore, always in one direction whenever
the circuit is closed, even though there are two internal flows in
different directions, i.e.: the negative fon current from the elec-
trolyte to the zinc plate and the positive ton current toward the
copper plate.

It is quite evident that this complete chemical action which
takes place in a cell will create a dissipation of the zine, during the
period that the cell is generating energy, and that the rate of this
dissipation depends upon the rate of energy delivered. The
lower the resistance of the wire across the two plates the greater
the rate of current flow and, obviously, the greater will be the
dissipation of the zinc and the solution. Incidentally, the
formation of hydrogen bubbles on the positive plates also tends
to increase the counter e.m.f. of the cell and, obviously, if the
counter e.m.f. is high the effective e.m.f. will be considerably
decreased. If the counter e.m.f. is high, therefore the effective
e.m.f. will be correspondingly lowered and an obvious decrease in
the external current flow will result. Sometimes the effective
e.m.f. may be considerably below normal, due to the formation of
hydrogen on the copper plate, and not due to the dissipation of
the zinc. In this case the hydrogen film could be brushed off and
the internal activity could be again increased. The effect of the
hydrogen film on the copper plate is known as ‘‘polarization”
and can be removed either by chemical or mechanical means.
Of course, the removal would be of no value if the zine has become
dissipated.

Local Action.—If a strip of zinc containing minute particles of
impurities is immersed in a solution of acid, there might arise an
internal action extremely detrimental to the life of the cell. For
example, when a piece of commercial zinc is immersed in acid 1t
frequently contains small particles of carbon imbedded in the
surface. Now, if a primary cell consists of two individual ele-
ments of copper, or carbon, and zinc immersed in a solution of
acid, it can readily be seen that an impurity in one of the active
elements might produce a chemical action in one material itself
independent of the other and thus produce a constant chemical
action which dissipates the cell and contributes nothing to the
external circuit.
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Local action might briefly be defined as, that phenomena
whereby small internal currents are set up in the cell due to
impurities in the active materials of the electrolyte which will
seriously impair the life of the cell.

The rate of zine dissipation and local action may, however, be
minimized by coating the zinc with mercury. This is called
“amalgamation.”

The Dry Cell.—The dry cell in theoretical operation is identical
with the wet cell just described, with the exception that the elec-

and Manganese
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¥1a. 37.—The simple primary dry cell.

trolyte is in the forin of a paste which will produce the same
chemical action as did the sulphuric-acid cell upon the zinc and
copper.

Here the two electrodes are still the same, carbon and zinc,
and in place of the dilute sulphuric-acid solution, a paste of
granulated carbon and manganese peroxide moistened with a
salamoniac and a zine chloride solution (Fig. 37) is used.

The e.m.f. at the terminals of the dry cell is about 1.5 volts and
the cell may be used until the e.m.f. has dropped to about 1 volt.
The life of the cell is again dependent upon its internal resistance.

The Standard Cell.—The most commonly known standard cell
is the Weston cadmium cell which is used in laboratories where a
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voltage of known and fixed value is required for comparison and
calibration of electrical instruments. These cells are not required
to have large current capacities, asthey are used only for standard
pressure indication and, therefore, in order to maintain a fixed
reading must have a high internal resistance. Thisisin the vicin-
ity of 900 ohms and sometimes an additional resistance is placed
in series with it to limit the current flow.

The Weston cell maintains the international volt. It has an
e.m.f. of 1.0183 international volts at 17° C. (Fig. 38).
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Fig. 38.—The Weston standard cell.

The Voltage of a Cell.—The voltage of a cell is determined
solely by the character of the active materials and the electrolyte
density. It is evident, therefore, that in order to obtain high
voltages a number of cells must be connected in series, that is,
the carbon of one cell is connected with the zinc of the next, and
so on as in Fig. 39.

There is a certain difference of potential between the zinc and
the carbon of cell A, and an equal difference between the zinc and
the carbon of cell B, but when the zinc of 4 and the carbon of B
are joined, their potentials are equalized, therefore, the difference
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of potential between two cells arranged in series is twice that of
one.

The resistance, however, of two cells in series is twice that of
one, since the length of the eleetrolyte traversed is twice that of

Positive | Negative Pole
Pole  * (Positive Plate)

(Negative I: E. of Each Cell=1.5volts

A.H.Capacity of Each Cell=30amps.
Cell Ce)  Coll Cel/

The Symbol for a Cell A B ¢ D
+ ll— +|I— +\|— +‘I—

E=6volfs
AH=30
P
+ -
Fig. 39.—Cells in series.

Plate)

one cell, and so on; the more cells that are connected in series, the
greater will become the resistance. Furthermore, whenever a
number of cells are connected in series they are called a ““battery ™’

+ . (F=/ 5 volts)
i A-H.Capacity | Capacity =

i'

= 30amps -
I— I |' ||

= + +
l"ma"va//s) ‘_| l-___l l-__J
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Fig. 40.—Cells in parallel. Fia. 41.—Cells in series-parallel.

and similarly when a group of the latter are connected in series

they are called ‘“batteries.”
The Ampere-hour Capacity of a Cell.—The ampere-hour
capacity of a cell is proportional to the area of the active materials
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exposed to the electrolyte. Hence, it follows that the capacity
of a cell depends also on the number of plates connected in paral-
lel, their character, the rate with which they are discharged, and
also the temperature. The proper working temperature should
be in the vicinity of 70° F. and must never exceed 110° F.

The ampere-hour capacity of a dry cell is about 30 amp.-hr.,
therefore, if it were desired to increase the capacity, a larger cell
could be designed; this is not practical, therefore, a number of
cells could be placed in parallel to increase the ampere-hour
capacity (Fig. 40).

If it were necessary, however, to increase the voltage and
capacity then a number of cells
could be connected in series-parallel
(Fig. 41).

The series combination will give
the necessary voltage increase and
the parallel combination will give
the necessary capacity or ampero-
hour increase.

The Lead-plate Storage Cell.—
The essential difference between the
primary cell and the secondary cell
(storage cell) is that the former,
once it has been completely dis-

F1a. 42.— Cross-section of lead- CPaTged, requires a renewal of ele-

plate storage cell. ments (plates and electrolyte) while
the latter may be charged without
renewing the plates or electrolyte.

Storage batteries used in radio installations are divided into
two general classes: the lead-acid cell and the Edison or nickel-
iron-alkaline cell. The lead cell, a cut of which is shown in
Fig. 42, will first be considered.

Lead Cell.—A detailed view showing the various parts of the
lead cell is shown in Fig. 43.

Storage cells produce electricity as a result of chemical action
after they have been subjected to an initial charge. This action
takes place between the active material of the positive and the
negative plates and the electrolyte, which, in the case of the
lead cell, is a dilute solution of sulphuric acid. Examine care-
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fully the various parts of the cell, noting the way in which the
parts are assembled.

The active material of the positive and the negative electrodes is
pasted on a grid made up of a lead-antimony alloy. A full cut of
the positive and negative plates is shown in I'ig. 43.

ACTIVE MANUFACTURING

MATERIAL T PROCESS = '"'-“55"'& =
STRAP

GRID PLATE

, ||'mm|:1;;

NEGATIVE GROUP POSITIVE GROUP

ELEMENT+ + @+ SEALING COMPOUND
+ ELECTROLYSE =
COVER

JAR CELL

CELISH =2 + && = = BATTERY
CELL TERMINAL ONE OR MORE
CONNECTORS CONNECTORS TRAY UNITS

TRAY TRAY UNIT

F1a. 43.—Parts and assembly of a typical portable storage battery. (Lead-
sulphuric-acid type.) Sections of lead cell.

Positive Plates.—The positive plate consists of a grid filled
with lead peroxide (PbO.) which is the active material. Upon
exposure to air it turns a dark reddish color.

Negative Plate.—The negative plate consists of a grid with an
active material of pure spongy lead (Pb). This negative plate is
gray in color.
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Construction of Cells.—In constructing cells, a number of
these plates are fastened together. When so fastened the group
of plates is called an element. There are both positive and
negative elements. There is usually one more plate in the
negative element group than there is in the positive group, so that
when the elements are interlocked, the two outside plates are
negative.

In order to insulate the positive plates from the negative
plates, there is inserted between the plates a wooden or rubber
separator, together with a perforated rubber separator. Both
positive and negative elements and the separators are inserted in
a hard-rubber jar.

There is a space between the bottom of the elements and the
bottom of the jar. This space makes room for any active mate-
rial which may become loosened from the grids and fall. The
cell must be taken apart and all loose sediment cleaned out as
often as is necessary, this depending upon the usage of the par-
ticular cell. Generally speaking, however, cells used on ship-
board as a source of auxiliary electrical power for the radio
transmitter should be thoroughly overhauled annually.

Parts and assembly of a typical storage battery are shown in
Fig. 43. This shows graphically the various steps of manufac-
ture starting with the grid. The active material is pasted on the
grid to make up the plate. The plates are then fastened together
with straps. Plates so fastened together are called a ‘“‘group.”
All the positive plates go to make up one group and all the nega-
tive plates make up the other group. There are, therefore, two
groups which are interlocked. Wooden and perforated rubber
separators are placed between the successive plates to insulate
them one from another. The two interlocked groups together
with separators are called the ‘“‘element.” The elements are
then placed in a hard-rubber jar, which has a hard-rubber cover.
The cover is fastened by means of sealing compound. The cover
has three perforations; the opening in the center is used for admit-
ting electrolyte (liquid) and the two outer openings are those
through which the positive and the negative group terminals come
through. Cells are mounted together in a strong supporting box.
They are then called a “tray of cells.”” The cells are then con-
nected in series by means of cell connectors. For connecting
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battery trays terminal connectors are used. A number of trays
mounted together are called a “tray unit,” and one or more tray
units go to make up a battery.

Electrolyte.—The electrolyte used in lead cells is made by
mixing sulphuric acid (H.S0,) and water (H,0). The amount of
each depends upon the specific gravity desired, which in turn
depends upon the type of cell used. For portable batteries, such
as are used in radio, the specific gravity of the electrolyte is
approximately 1.270 before the battery has been discharged.
This is in the proportion of 7 parts water to 2 parts acid. In
mixing new electrolyte always pour the acid into a large jar of
pure distilled water. Never pour the water into the acid as this
produces a violent chemical action resulting in heat, which may
cause the compound to splash, and injure anything with which it
might come in contact.

The electrolyte should always be kept to a level of }% in. above
the top of the plates. To maintain this level, never add any-
thing but pure distilled water, for two reasons: First, acid doesnot
evaporate and therefore the same amount of acid will always
remain in the cell, either in the electrolyte or combined with the
active material of the plates. Acid may be lost, however, by
excessive spraying of the cells, and even with normal spraying
acid is generally lost which must be, at some time, replaced.
Operators, however, are usually prohibited from adding acid.
Second, water not distilled may have in it impurities which would
cause internal local action within the plates.

The only occasion when more acid would be added is when some
of the electrolyte is spilled out and cannot be recovered. This
might easily happen during shipment, overhauling, or installation,
and may also be possible on board a vessel when in a rough sea.

When it is necessary to add acid to the electrolyte, it must never
be added pure. A solution of equal parts of acid and distilled
water should be kept on hand for this purpose.

The specific gravity of a substance or liquid is the weight of a
given volume of that substance or liquid as compared with an
equal volume of distilled water. Distilled water has a specific
gravity of 1, or unity, and materials that are heavier than distilled
water, liquids, or solids, have a specific gravity greater than unity.
Chemically pure sulphuric acid has a specific gravity of 1.840
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or, in other words, it has 1.840 times the weight of a given volume
of water. .

Hydrometer.—The hydrometer measures the specific gravity
of a liquid and is used to measure the specific gravity of the elec-
trolyte. It consists of a glass tube from 3 to 5 in. long, having a
small bulb on one end filled with shot or mercury so that it will
sink in a perpendicular position when put in a liquid. On the
other end are graduations which make up the gravity scale. The
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Fi1g. 44.—Hydrometer and parts.

portable type, used with radio equipments, is set in a glass tube an
inch or so in diaméter with a rubber bulb on one end to draw up
the electrolyte. On the other end is a rubber tube which con-
veniently fits into the opening in the top of the cell. Figure 44
shows the hydrometer in detail.

Chemical action is what produces the electromotive force in
storage batteries. This action takes place between the electro-
lyte (liquid) and the active material of the plates (solid). If a
fully charged cell is placed in a circuit and discharged, it under-
goes a chemical change. This change may be easily understood
if Fig. 45 is studied. When a cell is fully charged, its specific
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gravity is 1.270, or above, which shows that the liquid has a maxi-
mum amount of acidin it. During the period when a cell is being
discharged, the acid is leaving the electrolyte and combining with
the active material of the plates.

When a cell is fully discharged there is very little acid left in
the electrolyte, in fact, not enough acid to cause the chemical
action necessary to produce electromotive force.

Chemical action in a lead cell during one cycle of discharge and
charge is graphically illustrated in Fig. 45. Four periods exist,
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Fig. 45.—Chemical action in a lead cell.

showing conditions in the cell from the time it is fully charged
until it has been completely discharged and is put on charge again.
Period No. 1, which is the charged cell, shows that the elec-
trolyte is of the proper specific gravity, at which time all of the
acid is mixed with the water and there is 2 maximum amount of
acid in the electrolyte. The negative and positive plates are in
their natural condition having only their active material (sponge
lead and lead peroxide, respectively) on them. The cell is as
assembled, no chemical changes having as yet taken place.
Period No. 2 shows the cell as it starts to discharge. It shows
the acid leaving the electrolyte and going into and combining with
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the active material of the plates. As it does this, it reduces the
positive and the negative plates to lead sulphate, decreasing the
sponge lead and lead peroxide. This continues until nearly all
of the acid has gone from the electrolyte into the active material of
the plates. The specific gravity becomes lower as the acid leaves
the water. To determine the state of discharge, a hydrometer
reading may be taken. In the lead cell, when so much acid has
left the water that the specific gravity is down about 100 points
from the charged reading, the cell is said to be discharged.

Period No. 3 is the discharged cell. Here, in the electrolyte are
a minimum amount of acid and a maximum amount of water.
The porous, active material is clogged up and coated with lead
sulphate and chemical action ceases. The plates are now sul-
phated but not to a serious degree. This sulphate is removed by
charging.

Period No. 4 shows the cell on charge. The chemical action is
the reverse of Nos. 1, 2, and 3. The acid is being driven out of
the active material of the plates back into the water (electrolyte).
The sulphate is changing back to its original form of sponge
lead and lead peroxide. The cell is not fully charged until all
of the sulphate is gone from the plates. The life of the lead cell
is often shortened because the cell is only given a partial charge;
all of the sulphate is not removed and it becomes hard. This
clogs the porous active material so that the acid cannot make
contact and the result is a lessening of the chemical action
between the electrolyte and the plates. This decreases the
capacity of the cell.

For those students versed in chemistry, the chemical equation
given at the bottom of the chart will prove helpful.

Charging.—In order that this cell may again be useful, it is
necessary to restore the electrolyte and plates to their previous
fully charged condition. To accomplish this, the acid must be
driven out of the plates and back into the electrolyte. This is
the whole object of charging and may be done by connecting a cell
in a direct-current circuit as shown in the diagram (Fig. 46).
Note that the positive plate (+) is connected to the positive side
of the line and, likewise, the negative plate (—) is connected to
the negative side of the line. The charging voltage or, in other
words, the electricity flowing into the cell, must be of -higher
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pressure value than that of the cell or cells under charge in order
to overcome the resistance of the elements of the cell. For
example, if a single cell has a voltage of 2.1, the charging voltage
should average about 2.8 volts. If ten of these cells were con-
nected in series, the resultant battery discharging voltage would
be 21 volts, or ten times the voltage of one cell. The charging
voltage would then have to be 28 volts.

When the electricity is lowing into the cell, work is being done,
forcing the acid out of the plates and back into the electrolyte.
Thi's wor!&,ort}}eenergyexpend— D.C.Supply
ed in doing this work, becomes Fusez Fuse
less and less as the charge pro- = +
ceeds until all of the acid has
been restored to the electrolyte,
at which time there is no more '4’””"”“'"’@5 Charging
work to be done; hence, the bat- e
teryischarged. Itisadvisable,
therefore, that the current be
of greater value at the beginning

. Negat
of a charge than at the finish. rp_fg,?n;;' TS
If the current is kept at the 20 %
same rate during the whole J~Posifive
Battery Terminal

charge, as is done in a good
many radio equipments, the
cells will start gassing long before the charge is finished. This
gas is the result of an excess current flowing through the cell.
For large storage-battery equipments, it is necessary to reduce the
current as the charge proceeds. When a current flows, energy is
expended. This energy at the beginning of a charge is used to
drive the acid out of the plates and, as this particular kind of
work becomes less, it expends itself by decomposing the electro-
lyte into a gas. For this reason, when a cell starts gassing it is a
sign of ‘progress of the charge. Storage batteries used with radio
equipments are usually allowed to gas from 2 to 4 hrs. before the
charge is completed.

Wrong Charging Polarity.—It is very important that the posi-
tive side of the charging line be connected to the positive side of
the battery to be charged. It is readily seen that, inasmuch as
the object of the charge is to reverse the chemical action which

TF16. 46.—Simple charging circuit.
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took place during discharge, the current must flow in the opposite
direction to the way it flowed during discharge. If, by accident,
the polarity of the charging line is reversed, the chemical action
which took place during discharge will be continued and the
effect will be a sulphation of the plates, possibly a buckling of
the plates and a loosening of the active material from the grid.
The polarity of the charging line may be determined by a
direct-current voltmeter, the terminals of which are marked with
the positive (4) and the negative (—) signs, and the dial pointer
will tend to read backwards if not connected properly across the
line. The side connected to the positive side of the voltmeter is,

DC.Charging Source
110-120 vo/ts
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F1g. 47.—Method of charging and discharging a bank of batteries.

obviously, the positive side of the line and, therefore, the other
side is the negative side.

If a voltmeter is not available, a glass may be filled with plain
water into which is put some ordinary salt and the terminals of
the line immersed in it. Bubbles will appear at the negative side
of the line. Great care must be taken not to bring the terminals
together, as a complete short-circuit of the line will result with
the consequent result of blowing fuses and possibly damaging
some part of the line or burning the hands from the heavy flash
which will oceur at the point of contact.

Series and Parallel Charging.—The voltage of the charging
line must always be greater than the voltage of the bank of
batteries to be charged. If the charging generator gives 100
volts, therefore, as ship generators frequently do, it would be
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necessary to lower the voltage of the radio battery bank which is
usually 110 volts or higher. This may be done by cutting the
bank in half and connecting the two sections in parallel. When
this is done, and it is done on all ship equipments, each section
is labcled 4 and B, respectively. During discharge, they are in
series; during charge they are connected in parallel. This is done
by means of a switch, as shown in Fig. 47, which shows the charg-
ing circuit employed on modern equipment.

Ventilation is very important when cells are being charged, to
allow the forming gases to escape. The rubber plugs should be
unscrewed from each cell, the wooden covers removed from the
trays, and a window of the room in which the batteries are located
left open.

Sulphation.—As explained before, the active material of the
plates is reduced to sulphate as discharge continues. If this
action is carried too far, by overdischarge, or if sulphate is
allowed to accumulate by repeated undercharging, sulphation
will take place. A battery is sulphated when the pores of the
active material are clogged up with hardened sulphate.

Sulphation may also be caused by allowing the cells to stand
discharged for some length of time; by neglecting trouble in
individual cells; by replacing evaporation with electrolyte
instead of water, thereby restoring specific gravity by adding
acid, rather than by driving it out of the active material of the
plates by charging. Sometimes the cause of sulphation is an
internal short-circuit or the failure to replace a broken jar.

Sulphation may be recognized as the trouble when a battery
does not give its rated capacity after a normal charge.

The remedy for ordinary cases of sulphation is to put the
battery on charge for several hours more than is necessary under
normal conditions, then partly discharge, repeating the operation
several times until normal conditions return.

In particularly bad cases, it may be necessary to send the
battery to a service station where the charging apparatus is large
enough to supply the flow of extra-heavy current at the com-
mencement of the charge, which can be reduced or tapered down
as the charge proceeds. In no case should the temperature of the
cells be allowed to exceed 110°F., the current being reduced when
this heat is registered,
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A sulphated battery is restored when the specific gravity of the
electrolyte is back to normal.

Care and Management.—To avoid sulphation, charge the cells
every 2 weeks at least and keep the electrolyte at the proper
height above the plates, which is about 14 in. above the top of the
plates.

A bank of batteries should never be overdischarged. Neither
should they be overcharged except in case of an equalizing
charge. Take frequent hydrometer readings and both of these
evils can be avoided.

It is a good thing to record in a blank book each month the
hydrometer readings of each cell. The behavior of all cells can
be studied over a period of time.

Any cell or cells not giving the proper hydrometer readings, or
which gas more slowly than the rest, should be inspected.

The voltage of the lead cell is not a good indication of its state
of discharge and the cells may recuperate after not being used
and give a fairly high open-circuit or no-load voltage reading.
The voltage readings are, therefore, valuable only if taken while
the battery is discharging at the normal rate. This may be done
by starting the motor generator set for which the battery is
provided to drive in case of an emergency.

All of the instruments necessary in order to care for a battery
properly are provided on modern charging panels, except the
hydrometer, which obviously is used directly with the cells.
It will, of course, be necessary to have a portable voltmeter if
individual cell voltage readings are to be taken.

The voltages and specific gravity of the charged and dis-
charged lead and Edison cells are summarized at the end of this
assignment.

IMPORTANT

Don’t bring open flames near a charging cell. Gas is escaping.

Don’t allow the electrolyte to get low.

Don’t neglect to charge regularly.

Don’t neglect to take regular hydrometer readings.

Add nothing but distilled water to the electrolyte unless it has been
spilled, in which case a small quantity of acid might be added.

Remove vent caps and tray covers when charging.

Be sure charging polarity is correct by observing the readings of the volt-
meter on the charging panel.
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Charging is generally complete in the lead cell when gassing has gone on
for from 2 to 4 hr. Hydrometer readings will tell.

Keep the outsides of the battery boxes absolutely clean.

Don’t charge or discharge at too high a rate.

Capacity.—The capacity of the storage battery is rated as so
many ampere-hours; this means the battery will give this amount
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F1a. 48,—Cross-section Edison cell.

of current multiplied by the time of discharge. Asan illustration;
the 60-amp.-hr. battery will give 1 amp. for 60 hr.; 2 amp. for
30 hr.; 3 amp. for 20 hr., etec. The capacity of a battery is indi-
cated on a nameplate which is attached to the battery tray.
The charging rate is also given together with other data, which

varies depending on the manufacturer.
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The normal charge and discharge rates are the safe maximum
currents that can be sent into the cell on charge and taken from
the cell on discharge, and are determined by the makers of the
cell and indicated on the name plate.

Cleanliness must not be overlooked in the maintenance of all
batteries. If dirt or spilled acid is allowed to collect, trouble

_ Negative Plate

Positive Plate

Fic. 49.—Plates of an Edison cell.

will follow. The tops of the cells should be wiped off with a
cloth moistened with a weak solution of bicarbonate of soda to
neutralize the acid, and then sponged with fresh water. All
trays should be washed with an alkali and then painted with
an asphaltum compound. Cell terminals should be cleaned and
connections should be taken apart and scraped to insure good
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contact. All signs of corrosion should be scraped from the
metal parts of the trays.

The Edison cell, as the nickel-iron-alkaline cell is called, is of
a very different type of construction than the lead cell; they have
nothing in common. Figure 48 shows the Edison cell.

Positive Plate.—The positive plate consists of heavily nickel-
plated, perforated, steel tubes, arranged in rows and filled
with alternate layersof nickel-hydroxide
and exceedingly thin flakes of pure
nickel, as shown in Fig. 49.

Negative Plate.—The negative plate
consists of a grid of nickel-plated, cold-
rolled steel holding a number of rectan-
gular pockets filled with powdered iron
oxide, as shown in Fig. 49. In Fig. 50
is shown the way in which the negative
and the positive plate elements are
interlocked and held in place by the end
separators. Note that the end plates
are negative.

Separators.—The platesare separated
by narrow strips of specially treated
hard rubber which is not injured by the
electrolyte. The end insulator is pro-
vided with grooves that take the edge
of the plates, spacing and insulating
them from the steel container.

Electrolyte.—The electrolyte consists
of a 21 per cent alkali solution of
potassium hydrate in distilled water
with a small percentage of lithium Fie. 50.—Plate assembly
hydrate having a specific gravity of Edison cell.

1.200. The electrolyte does not vary in density during charge and
discharge, therefore, hydrometer readings are unnecessary. The
cells are assembled into a battery in strong side suspension trays.

The container is made of cold-rolled, corrugated, nickel-plated
sheet steel. The present form of Edison cell has a separator
valve which permits the escape of gas when the cell is charging,
but prevents spraying, evaporation, the spilling of the elec-
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trolyte, and the entrance of impurities to the inside of the filling
aperture. There are only three perforations in the can cover.

Care and Management.—The care required by the Edison
cell is limited to such matters as the addition of distilled water,
to make up for evaporation losses and the renewal of the elec-
trolyte when its specific gravity falls below 1.16 after a full
charge. The outside of the battery must be kept clean and the
trays given an occasional recoating of alkali-proof paint.

The Chemical Reaction in an Edison Storage Cell.—During
the period of charging, when the positive side of the charging
voltage is connected to the positive terminal of the Edison cell,
the current which is flowing through the cell produces an oxida-
tion of the positive plate and a reduction of the oxide in the
negative plate. This may be defined as a chemical reaction in
which the negative plate of iron oxide is reduced to a lower state of
ozide through the medium of the alkaline solution which acts
merely as a conveyor and thus tends to add oxygen to the posi-
tive plate. The nickel hydrate, as a result of this action, becomes
highly oxidized.

Upon discharging the cell the oxidized plate of nickel hydrate
is lowered to a lower state of oxide and the negative plate is
again restored to its original higher state of oxide. In other
words, the chemical action in an Edison cell may be simply
defined as an oxidization of the positive plate during charge and a
considerable deoxidization upon discharge. The electrolyte merely
acts as a conveyor and, therefore, does not change. The
chemical formula for the charge and discharge of the Edison cell
is as follows:

Discharge Reads Left To Right

2Ni(OH); + Fe =2 2Ni(OH), + Fe(OH),,
Charge Reads Right To Left
Chemically the active materials and electrolyte are expressed

as follows:
Ni(OH); and Ni represents the active material of nickel
hydrate and flake nickel.
Fe,0; and Fe represents the iron oxide and metallic iron.
KOH represents the alkaline electrolyte.
Li(OH); represents the small amount of lithium hydrate.

Charging.—The charging should never be done at less than the

7-hr. rate, and may be boosted to high rates for brief periods so
lono aq the temneratiire of fthe celle does not rise ahove 115° F.
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Efficiency.—The efficiency of the Edison cell is about 75 per
cent of that of the lead cell because of the higher internal
resistance of the cell.

Capacity.—The capacity of the Edison cell increases with use
and it is guaranteed to give full capacily for four years.

Advantages and Disadvantages of the Two Types of Cells.—
These may be summed up as follows: The principal advantage
of the lead cell is its high efficiency and ability to maintain
rated capacity under sudden heavy loads and low first cost. The
disadvantages are: excessive weight, structural weakness of
parts, corrosive nature of the electrolyte and fumes, loss of
capacity, shedding of active material, exacting and incessant
care necessary for successful operation, fracture and buckling of
plates, sulphation, internal discharge, and high installation and
maintenance costs.

The advantages of the Edison cell are: increase of capacity
with use, simplicity of care required, ease of interconnecting
cells, steel preserving electrolyte and lack of corrosive fumes,
durability and sturdiness of cell structure, low weight per unit of
capacity, ability to withstand short-circuit, absence of sulpha-
tion, no buckling of plates, no loosening of sediment, immunity
from injurious effects of overcharge, and low maintenance cost.

The disadvantages of the Edison cell may be summarized as
follows: high initial cost and comparative low efficiency due to
high internal resistance. This latter disadvantage means that
the Iidison cell will not maintain a high capacity under sudden
heavy loads. It is, therefore, unsuited for use with automobile
starters where the load is sudden and extremely heavy. Sudden
heavy-load conditions such as this are not met with in radio
equipments.

SumMARY oF Data oN LEaD aND EbpisoN CELLs

Edison Lead
cell cell
e — L=
| Charged 1.20 2.10
Voltage. .......... ... it el | 0.0 1.75
. . Charged 1.200 1.270
Specific gravity. ................... Dy o] 1.160 1.150
Charging voltagepercell........... ... ...... 1.85 2.4
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Note.—The discharged gravity reading of 1.160 is only obtained
when the electrolyte has considerably weakened due to aging
or evaporation of the water. When the Edison cell is new, the
discharge specific gravity reading does not vary and usually
stays in the vicinity of 1.200. This is due to the fact that the
electrolyte does not enter into combination with any of the active
materials as it does in acid cells. Hydrometer readings are,
therefore, unnecessary.

Questions

How can an e.m.f. be generated by chemical action?
Draw a diagram of a simple chemical cell.
What is meant by local action?
. Describe the construction of the dry cell.
. What determines the voltage of any cell?
. What determines the ampere capacity of a cell?
. What would be the effect upon the voltage and amperage of two cells
connected in parallel? In series?
8. What are the active materials of the lead-plate storage cell?
9. What are the active materials of the Edison cell?
10. What is the difference between the primary and the secondary cell?




CHAPTER VIII
ELECTRICAL METERS

Galvanometer.——Tlie galvanometer isan electromagnetic instru-
ment for detecting and measuring the magnitude and direction of
small electric currents.

This instrument works on the principle that a muaguet placed
in the vicinity of a current-carrying conductor tends to arrange
jitself ina certain position ¥ ;th relation 10 the magnetic field sur-
rounding the conductor- 1n some types of galvanometers the
magnet 18 movable inside & stationary coil and In others the mag
net is stationary and the coil, to which a pointer is attached,
moves between the coils of the magnet. As a simple experiment,
the student may hold an ordinary, camper’s type of compass
over a simple solenoid consisting of about 30 turns of annunciator
wire, the terminals of which are connected 10 2 dry cell. As soon
as it 18 placed in the magnetic field the north pole will seek a cer-
tain position and the south pole the direct opposite. Now
reverse the connections of the coil to the dry cell; the compass
will immediately reverse itself, due t0 the reversal of the current
fow in the solenoid.

Galvanometers can be made very sensitive, and for this
reason are used mostly 1n laboratory work or in classroom
demonstrations.

Voltmeter.——The yoltmeter, 88 well as all other electromagnetic
measuring instruments, works on the principle explained for the
galvanometer. A drawing showing the principal parts of a volt-
meter is shown in Fig. 51. In the type shown, the coil is movable
and the magnet stationary- This 18 called the “moving—coil”
type of meter. 1t is somewhat similar in construction to a simple
electric motor; it has field poles and an armature which moves
between the field poles. The terminals of the moving coil are
connected t0 the current t0 be measured. As the current flows
through the winding, it sets up a north and couth polein the coil,

7o
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which tends to set itself in a certain position with regard to the
magnetic poles. It is this tendency which makes it possible to
use it as a measuring instrument. The voltmeter is always con-
nected in shunt to or across the source of e.m.f. or any portion of
the external circuit in which the IR drop is to be measured and
never in series with the source and external circuit. No harm will
come to the meter if it is connected in series with the line due to
its series resistance, but it will not give a proper reading.

To the movable coil of the meter is attached a pointer which
moves over the scale of the instrument. Thisscale may be cali-
brated to read any voltage value depending upon the design of the

Moving Coil
/

Line —_
Shunt
Fig. 51.—A simple Fia. 52.—Principle of the am-
voltmeter. meter.

meter, which is mainly dependent upon the value of its series
resistance.

Because the voltmeter must be connected across the line it
must have a very high resistance to prevent a short-circuiting of
the current. This resistance is provided in the form of a resist-
ance coil which is connected in series with the moving coil and is
located inside the meter case. A small spring fixed to the shaft
of the moving coil opposes the movement of the pointer over the
scale and forces the pointer back to zero position as soon as the
current ceases to flow.

Ammeter.—The ammeter is essentially of the same construc-
tion as the voltmeter except that it is a low-resistance instrument
and, therefore, the resistance coil used as part of the voltmeter is
not used with the ammeter. The ammeter is always connected



ELECTRICAL METERS 77

in series with the load. If it is connected across the line it will
be ruined immediately as the low-resistance movable coil will be
burned up. Great care must always be exercised in connecting
meters to a circuit as several hundred dollars’ worth of damage
may be done in a fraction of a second if a wrong connection is
made.

Ammeters can be built for only very small currents when using
the movable-coil type. In order that large currents may be
measured a unit known as a ‘‘shunt’’ is provided. This is con-
nected across the connecting posts of the instrument in the

~1Toline |+
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Fra. 53.—Diagram of Weston direct-current voltammeter, model 280.

interior and allows the larger part of the current in the circuit to
flow through it (Fig. 52). These are called internal shunts.

Only a small part of the actual current indicated on the scale of
the meter actually flows through the meter. Special shunts are
provided for each type of meter and only the shunt provided with
a meter may be used with it. These are called external shunts
and should always carry the serial number of the meter with
which it is to be used. The connecting leads of the shunt are of a
certain length, determined when the meter is calibrated with that
particular shunt, and must not be changed. If the length of the
lead is changed at all the meter will not read correctly.

The ammeter and voltmeter are parts of every transmitter
circuit and it is important that their operation and how they
should be connected in the line be understood.
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Wattmeter.—The wattmeter reads directly on a scale the exact
wattage expended in the circuit. For direct-current circuits, this
is the product of the volts times the amperes but in the alternat-
ing-current circuit, due to a characteristic known as the power
factor, the wattage in this latter circuit is not exactly the product
of the volts times the amperes. The wattmeter, however, com-
pensates for this difference and is calibrated to give a true reading.
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i Schematic Wiring

Diagram of Wattmeter

lMecham‘sm of Watimeter

F1a. 54.—Principle of the wattmeter.

The wattmeter has two coils—one stationary and one movable.
They are known as the ‘“‘current” coil and the “voltage” or
“pressure”’ coil. The current coil is fixed in position and the
pressure coil is movable. The mechanism of the wattmeter is
shown in Fig. 54. Note that the voltage coil is connected

This Connection is
usually Internal

Circurt
Load

F1a. 55.—Wattmeter connection to a circuit.

directly across the line, as with the voltmeter. The wattmeter
has four connecting posts and is connected in the circuit as shown
in Fig. 55. Some types of wattmeters have only three connecting
posts.

Frequency Meter.—The frequency meter reads directly on a
scale the frequency of the alternating current generated by the
alternator, There are two common types of frequency meters,
one being known as the Hartman and Braun vibrating—reed



ELECTRICAL METERS 79

type frequency indicator, and the other as the Westinghouse
frequency indicator, induction type. The Hartman and Braun
vibrating-reed type indicates the frequency through a series of
tuned steel rods which vibrate before a magnet. This type has
been replaced in modern apparatus by the inductor type which
reads the frequency directly by a pointer moving over a scale.
This type of frequency indicator may be understood by referring
to Fig. 56. It is operated on the induction principle. Two coils
A and B act on the disc G and are balanced against each other.
In series with coil A is a non-inductive resistance H, and the
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Fig. 56.—Principle of frequency Fia. 57.—Principle of hot-wire

meter, ammeter.

coil is in series with a reactance I. The amount of current
flowing through the reactance will vary as the frequency changes:
an increase in frequency causing an increase in inductive effect.
The torque exerted on the disc by each coil is proportional to
the square of the current and the frequency. The torque
of the non-inductive element, therefore, will increase with
an increase in the frequency and the other will decrease, owing
to the decrease of current flowing through it because of the
greater self-induction. The disc will, therefore, move until
equilibrium is established. Note that the disc is not abso-
lutely round but slightly spiraled: this is so that the side of
the disc which is influenced by the inductive coil will present more
surface to be acted upon as the torque exerted by this coil
becomes less with the increase in frequency.
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Hot-wire Ammeter.—A much used type of hot-wire ammeter is
the Hartman and Braun meter shown in Fig. 57. The hot-wire
meter will operate on either direct or alternating current. It
consists essentially of a special resistance wire stretched between
two points, which is affected in its length by its temperature.
Heating the wire causes it to slacken, and this in turn affects the
pointer as shown. The sag in the wire may be adjusted by the
adjusting screw to the left. The drawing is fully labeled and
should be easily understood.

F1a. 58a.—Principle of alternating-current voltmeter.

Alternating-current Meters.—The permanent magnet type of
voltmeter and ammeter explained before cannot be used for low
frequency alternating-current measurements. For this purpose
there are two general types in use; the moving vane type and the
inclined coil type. These are shown in Figs. 58a and b. The
strip F is magnetized by the coil C. 1t also magnetizes the strip
M which is attached to the pointer P moving over a calibrated
scale. The strip F tendsto repel the strip M asthe magnetization
takes place and this effect increases with the amount of voltage,
or if the meter is an ammeter, the current flowing through the
coil C. This causes the pointer to indicate a value on the scale.
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In the inclined-coil type the coil affects a metal vane mounted
on a shaft as shown. A pointer which passes over a scale is
fastened to the shaft which holds the vane.

Instruments of these two types, if they are to be used as
ammeters, have the coils wound with heavy wire, while if they
are to be used as voltmeters, the coils are wound with many more
turns of fine wire and a resistance connected in series with the
coil, as with the direct-current voltmeter.

Fia. 58b.—Principle of alternating-current voltmeter,

The scales of direct-current instruments (voltmeter and amme-
ter) are evenly divided, from zero to maximum, each division
being equally spaced from the next. This is a mark of the direct-
current instrument of the electromagnetic type. The alternat-
ing-current scale, on the other hand, is not evenly divided, the
units increasing with the square of the value. For example, the
spacing on the scale between units 3 and 4 is approximately one-
fourth the space between units 15 and 16.

The Thermocoupled Ammeter.—This type of ammeter is one
of the most efficient types used in the measurements of currents
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at high frequency. Figure 59 illustrates the principle used in
this type of meter.

The theoretical function is described briefly as follows: If two
wires of dissimilar metals are welded together and subjected to
heat, a molecular disturbance is generated at the point of junction
where the two wires are exposed to the heat. If, therefore, the
two free ends of the wire are connected to a very sensitive indi-
cating device, such as a galvanometer, a current may be made to
flow through the meter and result in a deflection. From this it
will be noted that the e.m.f. which is generated at the thermo-
junction is a direct function of the
heating effect and, therefore, the
heating will be proportional to
the square of the current.

If the heavy wire in Fig. 59 is
connected to a high-frequency cur-
rent, there will result a deflection in
the galvanometer which is also pro-
portional to the square of the radio
frequency current.

With this system of current indication extremely heavy cur-
rents can be measured at radio frequencies without actually
passing these currents through the galvanometer.

The two dissimilar wires which have been found to give the
best results as a thermocouple are very thin wires of steel and
constantan. Another thermocouple made of very fine wires of
constantan and manganin may also be used as thermo-elements.

Another type of extremely sensitive junction characteristics
has been developed in which the dissimilar metals are of tellurium
and constantan. This type of thermocouple when connected to a
very sensitive galvanometer has been found to generate twenty
to thirty times more e.m.f., for the same temperature, than the
other of the types previously mentioned.

Thermo- Ju;c//bn

4

7o Radio Frequency Crrcurt

Fr1a. 59.—Principle of thermoam-
meter.

Questions

. Describe the simple galvanometer.

. How does the galvanometer function?

. What is the difference between the voltmeter and the ammeter?
How does the alternating-current voltmeter function?

. Describe and explain the operation of the thermoammeter.




CHAPTER IX
CHARGING PANELS AND PROTECTIVE EQUIPMENT

The Navy Standard Panel.—Figure 60 is a wiring diagram
of the Navy Standard type S.E.-839 storage battery charging
panel. Figure 61 shows the front of this charging panel.
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Fig. 60.—Navy standard charging panel (complete).
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On the front of the board are located various instruments,
i.e., voltmeter, ammeter, wattmeter, circuit breaker, selector
switch for voltmeter, switch for placing batteries on charge and
discharge, switch for changing radio motor generator source of
power from ship’s generator to batteries, trickle-charge switch,

and two main line fuses.
83
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Before the purpose of these instruments and switches is under-
stood, it will be necessary to study very carefully the charging
diagram.
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Fi16. 61.—Navy standard charging panel.

The voltmeter is arranged with a four-point selector switch
so readings may be taken as follows:

Point 1 gives the voltage of ship’s line.

Point 2 gives reading of B group of storage batteries.
Point 3 gives reading of A group of storage batteries.
Point 4 gives total voltage of batteries on discharge.

It is important that the ship’s voltage be known, because the
charging voltage must be of a definite value.
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The ammeter reads either charge or discharge current, depend-
ing upon which way the large four-pole switch is thrown. Itisa
zero-center meter: in other words, the zero mark is in the center
of the scale. The meter reads toward one side for charge and
toward the other side for discharge.

The Sangamo ampere-hour meter is of the mercury-motor type
and gives the exact state of charge of the battery equipment.
It reads ampere hours directly on a scale. The scale also has a
minimum pointer which is painted red and may be fixed at any

F16. 62.—Principle of Sangamo ampere-hour meter. (See Fig. 65a.)

definite point. When the charge drops to this point the batteries
should be placed on charge immediately.

The mercury motor of the ampere-hour meter is coupled to a
revolution-recording mechanism and its speed is proportional to
the power flowing through it.

The mercury motor consists essentially of a copper disc floating
in mercury between the poles of a magnet and provided with
leads to and from the mercury at diametrically opposite points.
The theoretical relations of the various parts are shown in Fig. 62.
The current of electricity, carried by the circuit in which the
energy is to be measured, enters the contact C!, passes through
the comparatively high-resistance mercury H, to the edge of the
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low-resistance copper disc D, across through the disc to the mer-
cury H, and out of contact C2.

The magnetic field of the motor is excited by a2 winding con-
nected across the circuit, in which energy is to be measured.

The relative directions of the magnetic flux and the current of
electricity, as well as the resulting motion, are shown in Fig. 63.

When connected to the line the Sangamo meter requires a
driving force directly proportional to its speed of rotation, the
mercury motor then becomes a meter. The speed of such a
meter is a measure of the power, or rate of flow of the energy,
through the motor element, and each revolution of the motor
corresponds to a given quantity of energy.

F16. 63.—Results of current flow in watt-hour meter.

By connecting a revolution counter to this motor a means of
recording in watt-hours the total quantity of energy that has
passed is provided.

There is a third connection on the ampere-hour meter to the
overload or underload circuit breaker, which automatically
opens the charging circuit should there be either an overload or
an underload voltage on the charging main. This prevents
damage to the batteries.

Circuit Breakers.—The circuit breaker used to protect the
storage battery from discharging back through the generator, if
the charging voltage falls below a certain value, is called an
“underload” circuit breaker. This type is illustrated in Fig. 61
and is also called a “cutout switch.” When the switch is closed
and current is flowing in the line, the magnet coil is energized
and through a latch arrangement prevents the switch blade fromn
flying open. A spring tends to open the switch, and does so
when the current is shut off or falls so low that the solenoid in
the magnet coil drops, releasing the latch. If there is no voltage
on the line, the switch handle will not stay closed, as the lacth
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will not operate. The magnet coil is connected, one end directly
to the line, the other end through a contact switch which is
closed only when the breaker is thrown in. The four-pole,
double-throw switch in the center serves to place the batteries on
charge and discharge. The theoretical function of the under-
load circuit breaker is extremely simple and can readily be
understood by referring to Fig. 60 at the point marked ‘“ Under-
load Cir. Bkr.” Briefly, when a current passes through the
coil of this release magnet it is magnetized and holds up
the plunger, thus completing the contact from the plus side of the
line to the charging resistance. This coil is wound with the
proper number of turns to hold the plunger during the period that
the battery is on charge at the usual charging voltage 110 to 120
volts. If the charging voltage of the ship’s generator falls below
normal, however, the current passing through the solenoid coil
decreases and, therefore, loses some of its magnetic strength,
which results in a release of the plunger and the breaking of the
circuit at the point marked ‘contact.” Thus, if the ship’s
voltage should ever drop below the voltage of the batteries by
this arrangement of the circuit breaker the batteries will be pre-
vented from discharging back through the ship’s generator.

The Overload Circuit Breaker.—In power circuits where the
apparatus is to be protected from overload, fuses and overload
circuit breakers must be used. On all panels in commercial
equipment the overload circuit breaker is usually connected in the
motor armature and generator circuits. For example, if the
plunger in the automatic starter (Fig. 35) should rise too quickly
the starting box resistances would be rapidly cut out and a heavy
current flow would result through the armature windings.
If this were not amply protected by fuses and circuit breakers,
the armature winding, due to its low resistance, would be subjec-
ted to heavy currents and the result might be a burning out of
one or more of the armature coils. The overload circuit breaker
in Fig. 64 is illustrated as being connected in series with the arma-
ture circuit to protect against excessive current flow through
the armature winding,.

When the handle of the overload breaker is pressed down, a
copper, laminated spring is pressed against contacts C, and C,.
This allows the current to flow through the armature and the over-
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load magnet at A. It is quite obvious that as soon as a current
flows through A the overload magnet is magnetized. The
degree of magnetization depends upon the amount of current flow-
ing through the armature. This magnet will attract the iron bar
M upwards toward the magnet at point X. This results in point
Y dropping, which causes the release of the latch at point L.

Point L then takes the position of the dotted line L,, which
causes a release of the handle from points R to S, incidentally
releasing the copper spring A from contacts C, and C, causing a
break in the armature circuit.

The circuit breaker must be carefully adjusted so that it will
not trip when the proper amount of current is flowing through

ol 7 7 Handle dowr
it Co”ﬂeci/\”g Jgrmg closes Contacts
Motor Armature iy / G, and C, #hrovgh
' N 1 Commecting Spring A4
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'

; Autoiatic X M
Line  Starter Bar

Fi6. 64.—Electrical and mechanical arrangement overload circuit breaker.

the armature. This is accomplished by lowering the iron bar so
that the distance between the bar and the magnet is increased to
the proper distance. For example, if a motor, on starting, has
been designed to safely draw 10 amp. then the iron bar must be
moved far enough away from the overload magnet so that it will
not break the circuit at that particular current flow. Thisis
usually determined by experiment, although in many cases the
amount of space for various amperages is marked above the
adjusting screw.

The double-pole, single-throw switch in the lower left-hand
corner of the panel serves to place the cells on trickle or floating
charge. This allows a current of small value to flow continually
through the cells, while discharge is not taking place, thereby
preventing an internal discharge from taking place.

Restistances for the charging circuit are made up in units such
as the one shown in Fig. 65. These are mounted on the rear of
the panel.
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Operating the Switchboard.—The following explanation has to
do with Fig. 66.

Checking Polarity.—First determine that the power-bus
switch is closed in the proper direction by observing whether the
voltmeter reads when the plug switch is in the left-hand recep-
tacle. If it does not read, reverse the power-bus switch, then
ascertain that the two halves of the battery are also properly
connected by taking readings in the upper and lower right-hand
receptacles.

The voltmeter circuit is normally open and a push-button
switch is provided on the switchboard for closing the circuit when

F1g. 65.—Charging resistance unit. F1g. 65a.—Sangamo ampere-hour
meter.

it is desired to take a voltage reading. This precaution is taken
to prevent inductive effects incidental to the operation of the
radio outfit, from damaging the meter.

Charging Battery.—Open the 6-PDT switch. Close the circuit
breaker, at the same time holding up the plunger of the low-voltage
release coil, then close the 6-PDT switch to the left. This will
place the respective halves of the battery on charge through the
charging resistance on the back of the board which should become
uniformly warm. The red pointer on the ampere-hour meter
should be set at the ampere-hour capacity of the batteries. The
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black hand of the ampere-hour meter indicates the state of dis-
charge 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 complete when'it reaches zero. When the black
hand reaches zero it makes a contact which opens the circuit
breaker by means of the automatic trip, thus automatically cut-
ting off the charge. For the semimonthly charge, or if for some
other reason the battery requires an overcharge, it is necessary to
remove the cover from the ampere-hour meter and turn the black
hand to about 50.

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

Floating Battery.—With the 6-PDT 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 cor-
ners of the switchboard. This is intended to be the normal condi-
tion of operation; i.e., battery fully charged and floating with
circuit breaker open and 6-P switch closed to the left. With the
6-P switch in this position the radio circuit is connected directly
to the ship’s line.

Note.—The abbreviation “6-PDT’ means six-pole, double-
throw switch. A double-pole, double-throw switch would be
designated “DPDT,” likewise, a single-pole, single-throw switch
is called “SPST.”

The floating charge, or trickle charge, as it is called, is necessary
in emergency equipments where the batteries are seldom used and
where a small but steady discharge is, nevertheless, taking place.
The question now naturally comes to mind as to the character of
this small but steady discharge. Because of impurities in the
active material, impurities in the electrolyte, leaks in the wiring,
and such other causes, there is a constant tendency for cells to
discharge. The pent-up energy within them is striving to get out,
and there is a small discharge. To stop this discharge, a charging
current of equal strength to this discharging current must be sent
into the battery. It is of very small value and is called the



AL LALVT LAV L LIV L) LRV ES L AW L el 4 Y L LYV I IsIv I Ji

“floating”” or “‘trickle” charge. It is just enough to compensate
for the local action, therefore, the battery does not run down.
Furthermore, the battery is not overcharged by this small
charging current because it is of such small value that it does
not charge the battery but merely prevents it from discharging.

When the battery is floating or charging, then the lights in the
radio room must be operated from the ship’s power lines, and
the lower double-pole, double-throw switch should be closed to
the left. The feeder switches for the various light circuits can
be opened or closed as desired.

Discharging Battery.—With the circuit breaker open, close the
6-P switch to the right.

With the battery discharging, the lights may be operated
from either the bus of the battery by closing the small lower
double-pole, double-throw switch to the left or right, respectively.

Ship’s Power Off. —Whenever the ship’s dynamo is shut down,
care should be taken to open the radio-circuit switch on the
ship’s switchboard, and all switches on the battery switchboard.
Do not burn lights from the battery at such times except for
emergency.

OPERATING THE BATTERY

(“Exide” or “Ironclad-Exide’” Battery)

Replacing Evaporation.—IXeep the electrolyte always above
the top of the plates by adding pure, fresh water (never anything
else) to a height 14 in. (not more) above top of plates. The
best time for adding water is just before a charge. Do not add
water while charging or immediately after. Do not use metallic
receptacles for holding the water.

Caution.—ISeep flames of all kinds (match, candle, lantern,
cigar, etc.) away from battery at all times. Keep all filling plugs
in place, except when necessary to remove them for adding water,
reading specific gravity, or observing gassing.

Floating Trickle Charge.—Battery is to be floated at all times.
When floating, both lamps on the battery switchboard will burn
dimly. If either lamp goes out, immediately replace it with
another of the same rating.

Charging.—Twice each month, preferably when in port,
charge the battery (see Switchboard Instruction). Move the
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black hand to the ampere-hour meter back to about 50 and
charge until the pilot cell gravity and the voltage of each side
have remained constant for 1 hr. and all cells have been gassing
or bubbling freely for the same length of time. This means
that under normal floating conditions the charge will be of about
1}4 hr. duration. The pilot cell gravity is a reading with the
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F16. 66.—Front of switcbhoard (emergency equipment).
(Electric Storage Battery Co.)

hydrometer syringe, taken in one marked cell in each half of the
battery, representing the rest of the cells. Raise the covers of
the battery box during this charge. After the charge, reset the
black hand of the ampere-hour meter to zero.

After a discharge of any kind, immediately put the battery
on charge and continue the charging until the black hand of the
ampere-hour meter has returned to zero.
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Generator Polarity.—In order to check the generator polarity
and to guard against the battery becoming accidentally dis-
charged through the reversal of the generator, read the volt-
meter frequently with the voltmeter plug in openings marked
“bus.” If the polarity has changed, throw over thc switch
marked ‘“reversing switch.”
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Fi1a. 67.—Electric storage-battery charging panel (rear—vnew wiring diagram).

Readings.—Before the semimonthly charge and before adding
water to the cells, read and record the specific gravity of each
cell of the battery. Immediately after the semimonthly charge,
read and record the specific gravity of the pilot cells. On other
days, read and record the specific gravity of the pilot cells at the
same time each day. These readings will indicate the state of
charge of battery and will be a check on the floating.
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Inspection.—If the gravity of any cell shows a marked falling
off relative to the rest of the cells, promptly investigate the cause
and correct it. If a cell becomes dead from a leaky jar, cut it out
of the circuit by opening up the connector and restore the circuit
with a jumper. If a jar develops a leak, promptly replace it.

Bus Voltage.—When charging keep the bus voltage at 110
volts, as, if it is low, the charging rate will be reduced and the
time required to charge correspondingly increased.
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F1g. 68.—Schematic wiring diagram, Navy standard charging panel.

Cleanliness.—Keep everything about the battery clean and
dry. Keep connections tight and free from corrosion. Do not
allow any impurities to get into a cell.

The two fuses of 100-amp. capacity each protect the ship’s
line and generator against any damage which a short-circuit of
any kind would produce.

Emergency Charging.—If the charging resistances on any of
the standard charging panels become inoperative a simple sub-
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stitute can be made which will satisfactorily charge the entire
battery installation.

This arrangement includes a number of lamp sockets mounted
on a baseboard and connected in parallel. This parallel bank
can then be connected in place of the burned out resistance unit
and the current flow regulated by cutting in or out a number of
lamps.

For example, if one 75 watt lamp is connected in place of the
resistance unit in Fig. 46 approximately 14 ampere will flow
into the battery.

Thus, if two 75 watt lamps are connected in parallel then 1
ampere would flow into the battery. Hence, if one of the stand-
ard charging resistances burned out a considerable number of
lamps could be connected in parallel until the desired current
flow is obtained.

Questions

1. Explain the electrical function of the overload circuit breaker.

2. Where are circuit breakers usually connected?

3. What is the difference between the overload and the underload circuit
breaker?

4. Draw a diagram of a standard charging panel.

5. Describe the practical operation of the panel when charging batteries.



CHAPTER X
THE INDUCTION COIL AND TRANSFORMER

The Induction Coil.—The induction coil is a device for raising a
low-potential direct current to a high-potential alternating
current. The induction coil consists of a soft iron core, a pri-

70 GROUND

Fra. 69.—Protective condenser.

mary winding and a secondary winding. These are shown in
the Fig. 70b. The primary of the coil is connected to a source
of direct current, usually of a low voltage. The theoretical
function may be described as follows: As soon as the key K is
closed, the current flows through the primary winding, which

Current o |
af Break “
Current _ ‘;
af Make I

F1a. 70a.—Alternating-current wave form, induction coil.

consists of a relatively few turns of heavy wire. In the
diagram the primary is indicated by the dark, heavy turns
96
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and the secondary by the lighter turns. An important part
of the induction coil is the vibrator fixed to one end of the
coil and indicated by the letters MVP. The piece M is a vibrat-
ing piece of spring steel with a platinum or silver contact point

Fra. 70b.—Wiring diagram of an induction coil.

where it makes contact with the adjusting screw P. This point
is designated by the letter V. Now, aswas explained before, when
the key is closed, the current commences to flow through the pri-
mary circuit. Before the current starts to flow, the contact of the
vibrator V is closed as the spring action of the arm M keepsit in this
position. As soon as the current flows through the primary wind-
ing, it makes a magnet of the iron core I, which immediately draws
the vibrator arm M towardsit, breaking the contact at V and open-
ing the primary circuit. As soon as the circuit is broken, the cur-
rent stops flowing through the primary winding and the iron core
loses its magnetism. The magnetism of the core was what drew
the arm M towards it, and now that this magnetism has been lost
this arm flies back to its natural position which again establishes
contact at V and the circuit is completed.

One cycle of vibration of the vibrator has been observed. This
operation takes but a fraction of a second and as soon as the
vibrating arm remakes the contact the operation is repeated,
giving a sound to the vibrator not unlike an ordinary buzzer.
So far as induction is concerned, the current flows through the
primary winding but for a fraction of a second. As soon as it
starts to flow, the whole winding is surrounded by a magnetic
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field of force which cuts the secondary winding. When the
secondary winding is cut there is induced in it an e.m.f. This
secondary current is low in current value (amperes) but high in
voltage or potential value. The primary current flows in
intermittent pulses, slowly building up from zero value to maxi-
mum at which instant the contact breaks and the current value
falls to zero. This fall in the value of the current is much quicker
than its rise. In fact, the rise is so slow in relation to the fall
that the current induced during the rise can be neglected and it
may be assumed that all the current is induced in the secondary
during the fall or breakdown of the primary current. It should
be noted that although the interrupted direct current in the pri-
mary induces an alternating current in the secondary, the induced
e.am.f. in the secondary is considerably more at the break of
the primary current than at the make. This is due to the more
rapid change of the lines of force in cutting the winding S when
collapsing. It is a direct result of the saturation characteristic of
the iron core. In other words, the iron offers a greater opposi-
tion to the expanding field due to the molecular friction pro-
duced in it and, therefore, tends to oppose the magnetizing effect
of the current. Thus, when the field collapses at break, the
molecules readily fall back into their original distorted position
and offer no opposition to the current flow in the circuit, but, on
the contrary, tend to aid it (see Fig. 70¢ for illustration of the
wave motion produced by an induction coil). The cur-
rent in the secondary rises and falls with the current of the pri-
mary. If the vibrator of the coil makes and breaks the circuit
sixty times per second then the primary and the secondary cur-
rents rise and fall just that many times per second.

The contact points of the vibrator are protected against dam-
age due to excessive sparking by the condenser C, which may be
from 14 to 1-mf. capacity depending upon the size of the coil.
Condensers will be discussed in the next chapter.

The secondary discharges across the spark gap S.G. When
the coil is used for transmitting purposes, however, a condenser is
connected across the spark gap to make up the oscillating circuit
which will be explained in a subsequent chapter.

The secondary winding of an induction coil which is wound
directly over the primary winding is wound, unless the coil is but
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a very small one, in the form of sections or pies, so that if by any
chance several turns are punctured they may be repaired without
rewinding the whole secondary. The secondary is also heavily
insulated from the primary winding by a hard rubber or mica
insulation.

The induction coil is an open-core transformer fitted with a
mechanical vibrator or interrupter. The disadvantage of the
induction coil is that its power is limited to the capacity of the
interrupter.

The Alternating-current Transformer.—Transformers are
divided into two classes: step-down and step-up. The ratio of
transformation depends entirely upon the ratio of the primary
turns to the secondary turns. If the primary has 100 turns and
the secondary 10 turns, the ratio is 10 to 1. The voltage at the
secondary terminals will, therefore, be stepped-down in the same
ratio. Suppose that 1,000 volts are impressed on the primary;
then one-tenth of this value will come out of the secondary, that
is, 100 volts. If the values are reversed and the primary has 100
turns and the secondary 1,000 turns, the ratio will be 1 to 10,
instead of 10 to 1. If the voltage impressed across the primary is
in this case 100 volts the secondary will step it up to ten times this
value or 1,000 volts. This ratio of transformation does not
hold absolutely in practice, but as the transformer is one of
the most efficient pieces of electrical machinery—in some cases
98 per cent efficient—this ratio can be used for all ordinary
purposes.

By the application of various formulas comparative voltages,
currents and turn ratios between primary and secondaries may
be computed.

Some of the more important formulas are listed below:

P . Nho
T'urn ratio = Niv

Voltage ratio = L),

Es
. Ip
Current ratio = =--
Is
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where
N = number of turns.
hv = high voltage.
lv = low voltage.
E, = primary voltage.
Egs = secondary voltage.
I, = primary current.
Is = secondary current.

Similarly, the power, current, voltage and power-factor relations
in the transformer primary and secondary windings may be derived
from the fact that the power input to any device must bealways
equal to its output, plus the power losses. In as much as the
modern form of efficient transformer has very small losses,
the primary and secondary powers are very nearly equal. This is
expressed by the formula

Pp = Ps (watts).
where
Pp = primary power.
Ps = secondary power.

Therefore the complete formula for voltage, current and the
power factor for both primary and secondary circuits would be
expressed as follows:

Ep X Ip X pf.p.= Es X Is X pf.
Pp = Es X Is X p.f.s.
Ps = Ep X Ip X pf.p.
where,

Is = current in the secondary expressed in amperes.
Ip = current in the primary expressed in amperes.
Pp = the power input to the primary expressed in watts.
Ps = the power output of the secondary expressed in watts.
p.f.p. = power factor in primary.
p.f.s. = power factor in secondary.

Hence,
Ep X Ip=FEs XIs
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Thus, for practical working purposes the formulas are written as
follows:

. _ ks XIs
Ep = —Ip (volts).
Es X Is
Ip = _E,p— (amperes).
= Ep XIp
Es = - s (volts).
Is = Ep X Ip (amperes).

Es

Function and Operation of the Transformer.—The function of
the transformer is either to step-up or step-down the voltage
introduced into its primary winding. It does this through an
induction process between the windings. In radio work, step-up
transformers are almost entirely used, and the step-down type
will be discussed no farther. In a radio transmitter it is the pur-
pose of the transformer to step-up the voltage to a potential so
high that the condensers in the oscillating circuit will be charged
and in turn discharge through the spark gap. This causes the
high-frequency oscillations necessary to the propagation of ether
waves.

The alternating current flowing from the armature of the gener-
ator flows through the primary winding of the transformer. This
causes a rising and falling magnetic field to cut the secondary
winding at the rate of the current frequency. For example, if a
500-cycle generator is employed, these lines of force will rise and
* fall 500 times per second, cutting the secondary winding twice for
each cycle, one as it is rising and one as it is falling, thus cutting
the secondary making 1,000 times per second. The fundamental
principle is this. Whenever a conductor is cut by lines of force,
an e.m.f. is induced therein. Consequently, there is induced in
the secondary an alternating e.m.f. of the same frequency, but of
amuch higher voltage than that of the primary circuit. Remem-
ber the transformer does not effect the frequency, although
it does affect other characteristics of the impressed current.

The transformer, like all other electrical machinery, has cer-
tain losses. These are known as core losses and copper losses.

In well-designed transformers, these losses are reduced to a
minimum and give no greatreeneers; unless the transformer is
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overloaded. Core losses include hysteresis losses, caused by
small molecular action, which will be explained later.

Transformers are usually designed to work with a certain
generator, both being designed for the same frequency. The
circuit, consisting of the secondary of the transformer, condens-
ers, spark gap, etc., is so designed that the current flowing in
this circuit is in phase with the current flowing in the armature
and primary circuit. A coil known as a ‘‘reactance coil” is
sometimes used in series with the primary current to regulate
the current flowing through it. A reactance coil consists of an
iron core over which is wound a few turns of heavy, insulated
copper wire, taps being taken off and lead to a multi-point switch
as shown in the diagram (Fig. 71a).

Closed Core
Transformer

Y

Primar, .
Reactarce Cor/

-
17

F16. 71a.—Reactance coil in a transformer circuit.

Alfernator

The standard transformer is designed to give from 10,000 to
30,000 volts in the secondary using 500 cycle, 120 volts in the
primary.

Kinds of Transformers.—The transformer is made in two
forms for radio use; namely, open core and closed eore. This
classification comes from the way in which the magnetic field is
completed.

In Fig. 706 the induction coil illustrated is an open-core
transformer, and the magnetic lines of force complete their path,
after leaving the iron core, through the air. The path is indi-
cated by dotted lines in the figure. The core of the closed-core
transformer provides a complete magnetic field through iron,
as indicated by dotted lines in Fig. 71a. It is from this fact that
it takes its name, ‘“closed core.”

Open-core Transformer.—This type of transformer has all the
mechanical features of the induction coil except the interrupter.
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The step-up types used for radio are almost always of much
larger dimensions than is the induction coil. It will be remem=
bered that the induction coil is limited in its size by the amount
of current the interrupter is able to handle; the transformer has
o such limitiug parts. As Was mentioned before, the magnetic
field of the open coré transformer 18 completed through the air.
1t has a core which is usually made up of strips of thin sheet soft
iron. Each lamination being insulated one from the other by
japanning Or shellacking to reduce losses, 38 previously explained.
The other parts arc constructed much in the same way 88
explained under the induction coil.

This type is often referred to as & “constant-current” trans-
tormer. This is because it draws practically the same current
when the secondary is on short-circuit as when it is open. Owing
to the open magnetic field path, there is little magnetic reaction
of the secondary upon the primary, with the result that the
primary current remains nearly constant. The closed-core
transformer, t0 be explained next, provides for this regulation
through & magnetic leakage gap, shown by dotted lines in
Fig. 71a.

Closed-core Transformer.——This type of transformer is the
one most commonly used in radio equipment today. Figure 71a
shows the construction in detail and also the method of con-
nection to the generator and oscillating circuits. In this case
the magnetic circuit is completed entirely through the iron core
as indicated by the dotted lnes. Notice that the primary and
the secondary areé not wound one over the other as in the open-
core type but on each side of two sides of the soft-iron core. The
primary winding in this type, as in the case of all step-up trans-
formers, consists of heavy wire such as No. 10 or 12 B. & S.
gage, and the secondary may have several thousand turns of fine
wire such as No. 300r 32 B. & S. gage. The leakage gaP, shown
in the diagram by dotted lines, serves to compensate for any
reaction between the primary and the secondary and thereby
keeps constant the current drawn by the primary.

In the modern types of transformers the secondary winding is
placed in sections, called ¢ pies’”’ 8s in Fig. 71b.

This arrangement tends to distribute the voltage strain and

also makes the repair of individual sections more practical.
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Another protective arrangement on transformers is a small gap
connected directly across the secondary terminals. This is
known as a safety gap and tends to prevent damage to the wind-
ings in case of strain.

f//:q.b Tersion Terminals

":Profecf/%e Gap““ 3 %
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Fi1a. 71b.—Assembly and connections of a standard transformer.

Transformer Losses.—The principal losses associated with
transformers are iron and heat losses due to hysteresis and eddy
currents.

Hysteresis is known as that phenomena whereby energy is
dissipated in the form of heat due to the magnetic reversals
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caused by the current through the windings, resulting in molec-
ular friction in the iron. This is minimized by the use of a
special type of magnetic material having an extremely small
tendency towards molecular friction. This material is known
as stlicon steel. Other alloys recently compounded have been
found to possess a higher permeability than silicon steel. These
are known by various trade names such as Ajazx metal and
Permalloy.

Other serious heat producers are the small eddy currents set
up in the steel. These small currents are set up in the form
of whorls and tend to oppose the magnetizing force to such an
extent that considerable losses will result. These small currents
may be broken up by breaking up the core into sheets instead
making it of a solid mass. Thisis called “laminating’ the steel.

After all of these losses have been carefully minimized the
efficiency of the transformer may reach 98 per cent.

Questions

. What is the theoretical operation of the induction coil ?

. Describe the construction of a power transformer.

. What is the difference between the induction coil and the transformer?
What are transformers uscd for?

What are the principal losses in transformers?

How are these losses minimized ?

What is meant by the turn ratio of a transformer winding?

. Draw a diagram of a closed-core transformer.

. How are transformer breakdowns prevented?

. What is the difference between a step-up and a step-down transformer?

SOONS U N =
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CHAPTER XI
ELECTROSTATIC CAPACITY

In order that the student may obtain a clear understanding of
radio circuits, in which the most dominant factors are capacity
and inductance, the following explanation relative to the theory
of condenser action must be carefully digested.

Dielectrics.—Certain substances will not conduct an electric
current, that is, when a difference of potential or pressure is
applied there is no movement of electrons and, hence, no flow of
Materials of this kind are called ‘“dielectrics’ or

current.
“insulators.” This effect is probably due to the atomic structure
gow”wara'
ressure of _
Purnp Handle )
Flastic
== Diaphragm m
4 J_E ME Condenser
= R
- - —

=, |

i ]

L ——— 7he Electrical
s Equivalent

Fi1G. 72.—Water analogy for a condenser.

of the substance whereby the electrons, when subjected to a dif-
ference of potential, will not leave their respective atoms and
therefore will not constitute a flow of electric current. An
electric current is a movement of electrons from atom to atom.
If the electric force is capable of extending the electron of the
dielectric from its atom, however, the dielectric will be defined as

For example, Fig. 72 shows a small
water tank fitted with an elastic plate. Here the elastic will be
strained when the water pressure is turned on. A dielectric
substance will act in a similar manner as long as the electrical
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being in a strained position.
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pressure remains constant. If the water pressure in Fig. 72 is
increased to a great extent, there is a possibility of rupturing the
elastic and, in a like manner, an electrical dielectric might be
strained to a point of rupture. In either example, as soon as a
rupture occurs, a current will flow and the material will no longer
be termed an insulator but a conductor. Thus, a ruptured
insulator might be defined as a material in which the electrons
have been extended beyond their limit, or, in other words, the
electrons have been strained beyond the elastic limit of the
atomic structure and the insulating material now becomes a
conductor.

The Condenser.—The theoretical function of the condenser is
based almost entirely on this insulating property of certain

. (Analogous fo
Strained Charged Condenser)

Normal

Resisting Pull

Force 0pwara‘r l Downward
A

Fi1g. 73a.—Spring analogy for a charged condenser.

materials. The material must not rupture, it must be capable of -
holding under a strain so that the energy which has been stored
up in the dielectric can be used for the production of currents at
high frequencies. How this is accomplished will be seen after a
simple mechanical analogy has been given.

Figure 73a illustrates the mechanical application to the con-
denser theory.

While the spring is at rest, no force will be exerted by it.
As soon as the spring is strained by pullingit downward, however,
it will obviously tend to resist or oppose the pulling effect in the
opposite direction, the amount of opposition being dependent
upon the springiness or flexibility of the spring.

In a like manner will a condenser, owing to the straining of the
dielectric by the applied potential, have forced into it an electrical
straln. As soon as the dielectrie 18 strained it will exert a force
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in the opposite direction. Furthermore, the quantity of electricity
which has passed into the condenser for a given applied force
depends upon the capacity of the condenser.

If the flexibility of the spring is due to its length and diameter,
thinness of its material, and its mechanical elasticity, similarly
does the capacity of the condenser depend upon three factors,
namely ‘‘the area of the metallic plates on each side of the dielec-
tric,” “the thinness of the dielectric” and *“ the inductive capacity
of the dielectric.”

It is important that the student understands the term ““‘induc-
tive capacity of the dielectric” as the straining action of the

dielectric, and that the reason for the con-
O denser holding electricity is due only to this
@ property. That is, just as the spring has
= the property of holding a strain due to its
= springiness, and not due to theapplied force,
= so will the condenser store up energy due to
its “‘inductive capacity.”

Electric Theory of a Condenser Charge.—
Assume two plates of a condenser connected

+ F to a source of potential as in Fig. 73b. If

] one metal plate is connected to the positive

Fie. 73b—~Electro- terminal and the other to the negative ter-

etic field in & con- yninal and the two plates brought close

together, a field of electric force will be

produced in the dielectric between them, and a displacement of

electrons will result in the direction of the positive plate. In con-

ventional terms, however, when the electrical displacement is

mentioned it is said that the displacement is from the positive to
the negative plate.

During the time that this displacement is taking place in the
atomic structure of the dielectric, there will be a movement of
electrons in the external circuit from the negative plate to the
positive plate. The accumulations or charges on both these
plates therefore, will be increased, .., the negative plate will
acquire a greater negative charge and the positive plate a greater
positive charge. The summation of charges on each plate is
balanced and is therefore always zero. When these charges are
referred to it simply means a quantity of electricity on one of the

\\'7
JIR

@
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plates, either the positive or the negative plate. The charge on
the positive plate is the one generally referred to.

The Dielectric Current.—In the ordinary battery circuit a
constant current will flow when the circuit is closed and the
pressure kept constant. In the condenser, however, the current
flow is only momentary, when the two plates are connected to a
battery. For example, if a simple condenser, as in Fig. 74, is
connected with a sensitive galvanometer, there will be recorded a
sudden deflection when the switch is closed
which gradually drops to zero. This (Geriansr
momentary current flow is due to the l——‘l F—
springiness of the dielectric produced the
moment the switch was closed and lasts [ Switch
only for a brief period because the strain is Meter
now kept constant. L 15’” £

When the pressure is allowed to diminish, — —
the elasticity or springiness of the dielectric 5, P
material again produces a current flow in nection for showing dis-
the opposite direction, replacing the cur- Placement current.
rent, so to speak, and hence the flow of current in a condenser,
when the strain or displacement is changing, is called a ‘“ displace-
ment current’’ or a ‘“dielectric current.”

Confusion sometimes arises over the belief that the displace-
ment current is actually a movement of charges from one plate to
the other within the substance. This is not true. It is simply a
straining effect caused by the positive charges in each molecule
of the dielectric being moved to one end and the negative charges
of the molecule moved to the other end at the instant the switch
is closed. During the period that the electrons are pushed out-
ward from their respective atoms of the dielectric material they
constitute a flow. This flow of current immediately ceases, as
soon as the electrons have moved their full distance. Thus, the
internal action of a condenser may be defined as a movement of
charges across the dielectric, in the form of positive and negative
charges, the positive charges pointing in one direction and the
negative charges in the other direction.

When a dielectric is in this strained condition, it possesses a
potential in an ‘‘electrostatic’’ form, or, in other words, an elec-
trical charge.
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It can thus be seen that a charge may be placed in a condenser
whenever it is connected to an e.m.f., and that a current can be
made to flow in the condenser whenever the e.m.f. changes. In
a direct-current circuit of constant potential, therefore, the con-
denser will be charged almost as soon as it is connected but the
flow of displacement current will only be momentary. If the
condenser is placed across an alternating e.m.f., however, a dis-
placement current will flow due to the reversals of the applied
e.m.f. and, therefore, the electric strain in the condenser reverses
its direction with every reversal of the applied e.m.f. Thus the
existence of the electric strain or displacement in the dielectric is
equivalent to the presence of a quantity or charge of electricity.

The quantity of charge is expressed as Q and is found to be
directly proportional to the applied voltage E.

ThusQ = C X E or Q = CE.
Here C is termed a constant and is seen to be the ratio of
the charge to the voltage, or

¢

E

This constant is called the ““capacity’’ of the condenser and is
usually referred to by units; <.e., ‘“microfarad”’ or “ micro-micro-
farad.” The actual unit is called the ‘‘farad” but due to its
enormous capacity is not used and therefore the microfarad and
the micro-microfarad are the fractional units used in radio.

The microfarad is part of a farad and the micro-

1
1,000,000
. . 1 .
microfarad is 1,000,000 part of a microfarad.

For example, if a condenser has a capacity of 0.001 mf., the
value in micro-microfarads would be 1,000 mmf. Similarly if the
capacity is expressed in micro-microfarads it can readily be con-
verted into microfarads.

The Dielectric Constant.—The charge accumulated on the
plates of the condenser, for a given voltage and space between the
plates, depends upon the dielectric material. Assume a con-
denser to have a certain charge due to a given applied e.m.f. to
have been measured, under a condition in which the space
between the plates is of an air dielectric. If a plate glass be
inserted between the plates, it will be found that, for the same



ELECTROSTATIC CAPACITY 111

applied voltage, the electrostatic chargeis Increased, thus denoting
that a change in the dielectric material will change the capacity
of the condenser.

This Property is due to the density of the material or, in other
words, the density of molecular structure.

For example, if the dielectric between two plates of a condenser
is air and the air pressure is increased to about 250 1b. pressure
between the plates, an increase in the dielectric strength will
result.

Air is commonly used as the standard of comparison and is,
therefore, expressed as having a “dielectric constant’ of 1,

Cp
Ca = e
where K is the constant,
Ca the capacitance with air as the dielectric,
Cp the capacitance with another substance as the diclectric,
Various values of dielectric constants of different materials is
given below.

Avaoum....... 0.94
Hydrogen. ...l 0.9997
099000090505 0000005 0 g g 1.0

Carbon dioxide...... ..~ 1" 1.0008
Liquid oxygen........ . 00T 1.478
Paraffin wax............ [ 1.99t0 2.29
Bulphur. ... 2.24t0 3.84
DBoRitet S L 2.6 to 3.48
Shellac. ... 2.74to 3.73
Quartz.................. [ 4.49to 4.55
Glass, various grades....... ... .. . 6.0 to010.0
Miea..ooooo 6.6 to 8

The capacity of a condenser can be increased by applying any
one of the following methods:

L. Increasing the area of the plates.

2. Bringing the plates close together,

3. Using a materia] having a larger dielectric constant,
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CAPACITY OF CONDENSERS IN PARALLEL AND IN SERIES

Parallel.—Figure 75 represents a common arrangement of
condensers in parallel.

Assuming each condenser to have an individual capacity of
0.002 mf., the total effective capacity will be 0.006 mf.

This can readily be scen if the three condensers in Fig. 75 are
connected in parallel, in which the letter @ represents the total
charge given to them, a difference of
potential of E units between the points X
-and Y, which are the terminals of the
r ‘\ systems, is produced.

X Y

L +— 0.002 Qo002 0002
|

] HH

|
.

Y v

F1a. 75.—Condenser in Frg. 76.—Condenser in series.
parallel.

The charges in the condensers will be different, therefore, duc
to the increase of plate area, but the E will be the same for all of
them.

Thus, if the charges Q of each condenser are added,

Q =ql +q2 + ¢3.

Hence, if the total capacity of three condensers connected in
parallel is the result of the addition of the three charges, the
formula for condensers in parallel will obviously be:

C=C1+C2+C3.

Series.—Figure 76 represents three condensers connected in
series, assuming each condenser to have a capacity of 0.002 mf.
The total effective capacity under this arrangement will be less
than the lowest of the component capacities.
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The formula for condensers connected in series is expressed
as follows:

_—
n
henee C = 0.0006235 mf.,
where n represents the number of condensers and C the eapacity
of one (.002 mnf.).
If the condensers are of uneven capacities, however, the formula
would read as follows:

1
C = —
1 1 1
atata

Ezample.—Three condensers having capacities of 0.002 0.004 0.002 are
connected in series. What is the total effective capacity?

Solution: c =i +i +_1
Ch C» Cs
or
1
C
1 1 1
0.002 + 0.004 + 0.002
= 0.0008 mf.

It will always be seen that whenever uneven capacities are
connected in series the total effective capacity will always be less
than the smallest condenser value

in the circuit. AQlr zlB
Why the capacity is reduced ——— = =S

when condensers are connected in
series will be understood by analyz- ;5 77.—Showing condensers in
ing the dielectric effect of the two series.
condensers in Fig. 77.

The plates ¥ and Z, being electrically connected, actually form
a single plate. Assuming the dielectrics of each capacity to
have a like thickness, it can readily be seen that by joining both
dielectrics in a series formation, the distance between plates 4
and B is merely widened and, consequently, the thickness of the
dielectric is increased. If each condenser has a capacity of 0.002
mf.. therefore. and is connectéd in series, the dielectric thickness
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is doubled and results in a reduction of capacity to one-half of its
former value 1.e., 0.001 mf.

The mathematical formula for determining the capacity of a
condenser under various conditions, such as changes in dielectric
constants, thickness of the dielectric, and area of the plates is
expressed as follows:

To find the capacity of any condenser: If C is to be in farads,
A in square centimeters and d in centimeters, then

K = 884 X 1016

Hence, C =884 X 10716 X k:; farads

K is a proportionality factor, & is the dielectric constant, 4 is the
area of one side of the dielectric in contact with the metal plates,
and d is the distance between plates.

Energy Stored in a Charged Condenser.—It is quite obvious
that it takes work, or energy, to charge a condenser, the amount
of which depends upon the capacity and the voltage to which it is
charged.

This energy used in charging a condenser and stored in the form
of an electrostatic field between the plates is expressed by the
formula

W = ¥CE?
where C = the capacity of the condenser in farads.
E = the e.m.f. to which the condenser is charged.
W = number of joules of energy (work).

Condenser Discharge.—As stated before, when two plates

separated by a dielectric are connected to a battery or to any
L Lok &l

Charging ~ - y

Potfential — o

+

('//ar‘qt:3 D]&:{?arge R

A | ,,_J

i
[it4 _I |:‘
Condlenser

F1a. 78.—Arrangement for charging and discharging a condenser.
other source of e.m.f. a quantity of electricity will flow into them.
When the difference of potential equals the applied e.m.f., no
more electricity flows into the condenser and it is said to be
charged. If the condenser is assumed to be in a charged condi-
tion, that is, one plate charged positively and the other negatively
and disconnected from the charging source and connected with an
external conductor, as in Fig. 78, the condenser will discharge
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through the conductor until its energy is dissipated in heat. The
discharge of the condenser is so rapid that if a meter were to be
placed in the circuit it would give but one instantaneous deflec-
tion. If the discharge of the condenser through the wire could be
viewed, however, it would be seen to consist of a series of dis-
charges, first from A to B and then from B to A. The discharge
of a condenser through a conductor is, therefore, said to be
oscillatory. That is, the current flows from one side of the
condenser into the other side and then back again. This vibra-
tion, or oscillation, will continue until an equilibrium is finally
attained, due to the dissipation of the energy into heat.

+ ﬂ 4 Low Value of Resistance

+ [l B Medium Value of Resistance
|

& High Value of Resistance

Fia. 79.—Types of damped waves.

1t is thus evident that the rate of damping can be controlled
by changing the resistance of the conductor through which the
condenser is to discharge.

For example, if the circuit in Fig. 78 has a large value of
resistance inserted in it, the condenser may actually be made to
discharge so slowly, due to the resistance dissipating its energy
in heat, that the discharge will not be of an oscillatory nature.

Figure 79, A, B and C, illustrate the shape of the wave or
oscillatory motion produced by the different values of resistance
in series with a condenser discharging.

Mechanical Analogy for a Condenser Discharge.—When a
condenser is charged, the dielectric between the plates is electro-
staticallv strained. Similarlv.ifthe spring in Fig. 73¢ is assumed
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to be strained beyond its normal resting position X to A, it will
spring back past the point X to B and then back again almost to
the point A. This will cause the spring (o oscillate up and down
until the energy acquired in extending it is dissipated as heat in
the spring.

It will thus be seen that if the spring is of small mass and posses-
ses good elasticity, the oscillations will be very rapid.

Similarly, the condenser is a device whereby the potential
energy of the charge is gradually dissipated in heat, the major
portion of which is expended in the circuit and a small part in
the dielectric itself, due to the molecular friction, the result of the
displacement current first lowing in one direction and then in the
other.

Questions

. What is a condenser?

. Describe the theory of the condenser charge.

What is the function of the dielectric?

What is the unit of electrostatic capacity?

What materials have high dielectric constants?

What is the effect of connecting condensers in parallel?

What is the effect of connecting condensers in series?

. Describe the nature of a condenser discharge. -

. What effect has resistance upon the discharge of a condenser?

What type of frequencies can be produced by a condenser discharge?

b

.
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CHAPTER XII

CHARACTERISTICS OF ALTERNATING-CURRENT
CIRCUITS

The fundamental laws governing alternating circuits of the
lower frequencies, namely, 60 to 1,000 cycles per second, also
apply to the higher range of frequencies employed in radio trans-
mission ecircuits which range from 10,000 to 15,000,000 cycles
per second and higher.

The frequency of an alternating current indicates the number
of complete cycles of values from zero to maximum and back to
zero again, both in a positive and a negative direction of current
flow. Each cycle forms a wave which appears above and below
a neutral line. This wave is a graph of current or potential,
amplitude plotted against time, as abscissa. In the ideal
alternating-current circuit the current wave reaches its maximum
value at the same instant the voltage wave reaches its crest and
thus the current and voltage are said to be in step or in phase.
But this can only be obtained when the circuit contains ohmic
resistance alone. In alternating-current circuits, other factors,
namely, inductance and capacitance, must be considered, as they
bring about conditions which govern the most important func-
tions of the ratio circuit.

Effect of Inductance.—The effect of inductance in an alternat-
ing-current circuit is to cause the current to lag behind the
impressed e.m.f.; that is, the current reaches its maximum value
at some instant after the voltage. This might be termed the
inertia of the circuit as it is analogous to that property of a solid
body such as a fly wheel which tends to keep it moving after the
power is shut off, and requires additional power to get it in
motion when the engine is started.

The sine curves in Fig. 80 illustrate this phenomena as it
effects the electric circuit. The line AB represents time; and a
comparison of the relative values of the curves must be made by

117
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reading the values of the curves at a given time. Instantaneous
values can be obtained by drawing a line perpendicular to the
line AB at any point in its length.

As an example, find the value of the current when the e.m.f.
is at zero value. From a point at which the e.m.f. curve is
crossing the line AB, draw a line perpendicular to and crossing
the line AB. At the point of intersection of the perpendicular
line with the current curve, the value of the current is shown when
the voltage is zero. The curves show that when the voltage is at
zero, the current is at maximum, and if the line AB between the
points of beginning and the points of ending, be divided into 360

Fia. 80.—Lagging and leading effect of an alternating current.

parts or degrees it will be seen that the current in this instance
lags behind the voltage exactly 90 deg. The lag of the current
depends entirely upon the inductance in the circuit. The values
of the curves depend on the volts and the amperes in the circuit
and may be drawn to any convenient scale.

Capacitance, or the effect of condenser capacity in an alter-
nating-current circuit, is just the opposite to that of inductance.
It might be described as a force overcoming the inertia caused by
inductance; and if enough capacitance is present in an alternating-
current circuit, the current will lead the voltage as is shown in the
sine curve B in Fig. 80. If a condenser is connected to a
direct-current source the plate will take on a charge equal to the
impressed e.m.f., but no current will flow. When a condenser is
connected to an alternating-current source, however, its plates
will receive this charge and return it to the circuit at each reversal
of the voltage and current, or twice in each cycle.
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Reactance is the effect of the presence of either inductance or
capacitance or both of these, in an A.C. circuit. Reactance does
not effect a circuit in the same way as ohmic resistance, but its
presence materially changes the results of Ohm’s law when
applied to alternating currents. All of the energy used in over-
coming ohmic resistance is dissipated in the form of heat but, in
the case of reactance, practically all of the energy is returned to
the circuit during the next reversal of current. In the case of
inductance this energy is stored in the magnetic field surrounding
the conductors and is returned when the field collapses and a
slight amount of heat is generated in the condenser due to the
molecular friction in the dielectric. The inductive reactance in
an alternating current circuit might therefore be defined as that
phenomenon whereby an opposition is offered to the flow of
alternating currents due to the counter electromotive force of
self-induction. In other words, the inductive reactance due to
self induction must be ‘““overcome’” by the e.m.f. just as it is
necessary for the e.m.f. to “overcome’ a resistance in a direct
current circuit in order to allow a current flow. The student
should refer freely to Chapter III on self-induction in order to
obtain a clear understanding of this subject.

The capacitive reactance in an alternating current circuit is
the opposition offered by the condenser to the flow of an alter-
nating current. It is similar to inductive reactance but not the
same. That is, their effects are 180° apart. It is therefore possi-
ble that one may neutralize the other. Should this take place
then the circuit would be called a resonant circuit. However, if
the inductive reactance is greater than the capacitive reactance
then the current will lag behind the applied e.m.f., but if the
capacitive reactance is greater than the inductive reactance,
then the current in the circuit will lead the applied e.m.f.
There are two kinds of reactance in alternating current circuits,
i.e. positive and negative reactance. The former is the effect of
the inductance while the latter is the effect of the capacitance.

Impedance is the resultant effect of resistance and reactance,
and is found by taking the algebraic sum of the resistance and
reactance. Since these elements of an alternating current circuit
act at right angles to each other, their resultant effect is the hypot-
enuse of a triangle whose base and altitude correspond to the
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resistance and reactance, respectively. This is expressed by the
formula

Z = v/R? + X* where Z = impedance, R = resistance.
X = reactance (ohmic).

In direct currents, Ohm’s law is expressed as

E
I = E’
but in alternating currents it is expressed as
E E
I=Z0r] = ——o
Z VR* + X

where

I = current in amperes.

E = volts.
R = ohms.
X = reactance in ohms of inductance and capacitance.

Power Factor.—In direct-current circuits the power, expressed
in watts, is found as follows:

Watts = volts X amperes.

In alternating current this power is found by the formula

Watts = volts X amperes X M-
impedance
The term,
resistance
impedance

is called the power factor of the circuit and is expressed as a
decimal lying between zero and one.

A circuit with resistance only has a power factor of 1 or unity
and a circuit having resistance, capacitance, and inductance usu-
ally has a power factor below unity. A circuit having resist-
ance, capacitance, and inductance, however, may have unity
power factor if the capacitive reactance equals the inductive
reactance at a particular frequency, when the resultant reactance
is zero and only resistance is effective in the circuit. The
power formula for alternating currents is expressed as follows:

Watts = I X E X power factor.
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Also,
oW . ,
E X power factor = I X power factor
W
and power factor = IXE

Resonance.—Resonance is one of the most important charac-
teristics that have to be studied in connection withradio circuits.
All of the above characteristics of the alternating-current circuit
must be understood if a clear understanding of resonance is to be
had. Figure 81 shows the simplest oscillating circuit. It con-
tains resistance, inductance, and capacitance. It is the simplest
of radio circuits. A circuit of this kind is said
to be “resonant’’ when its reactance is zero.

This means that the reactance introduced in the -[c L%
circuit by the inductance must be counteracted I R ¥
by a negative reactance introduced by the cap- .
acitance. In other words, the capacitance and ofc‘ggaﬁ,‘,'y_csir‘c’ﬁiﬁ e
inductive reactance must balance one another.

Inasmuch as the reactance of both the condenser and the
inductance varies with the frequency of the applied alter-
nating current the values of the capacitance and inductance will
vary for resonance at different frequencies. A study of the table
given below taken from ‘“The Principles Underlying Radio Com-
munication,” U. S. Signal Corps, will show how the inductance
coil and condenser reactance effect is changed with the frequency.
These measurements were taken from a circuit similar to Fig. 81,
in which the value of the inductance coil, hereinafter referred to
by the symbol L, was 500 microhenries and the capacitance value
being 0.005 mf.

Frequency, cycles| Reactance of Reactance of | Total reactance,
per second coil, ohms condenser, ohms ohms
60 0.188 — 530,000 — 530,000
1,000 | 3.142 | —31,840 —31,837
100,000 ‘ 314.2 —-318.4 —4.2
100,700 316.23 ‘ —316.23 0

1,000,000 3,142 —31.84 +3,110
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With the above values of capacitance and inductance, the cir-
cuit is resonant when the frequency is 100,700 cycles per second.
The table shows that the reactance is zero at this point. Notice
that the inductance and capacitance are equal in reactance effect
and the resultant effect is therefore zero.

The value of the oscillating voltage drop in a resonant circuit
is much greater than the impressed voltage. In a radio circuit,
it is possible to have the drop across the inductance and condenser
four-hundred times greater than the impressed voltage. To get
a maximum current flow, it is necessary to tune the circuit to
the resonance frequency. In other words, the inductance and the
capacitance must be in such relation, one to the other, that the
combined reactance of both is zero. The circuit is then said to
be resonant.

Mechanical Analogy of Resonance.—When soldiers march
over a bridge the order is given to ““break step.” This is to safe-
guard the bridge by removing the rhythmical impulses or
“pushes” which would result were the soldiers marched over “in
step.” Every object has a frequency of vibration, therefore,
the bridge has a certain frequency of vibration. If the soldiers
were marched over ““in step’’ and the weight of the men imparted
in shocks to the bridge at its frequency of vibration it would start
to vibrate and these vibrations would increase in amplitude until
the struts and beams of the bridge gave away. The frequency of
vibration of the bridge corresponds to the resonance frequency
in the oscillating circuit. It is easily imagined how the vibrations
of the bridge would increase as the men continued to march.
These vibrations would get so violent that finally the bridge would
give way, although the individual “power”’ behind each impulse
or shock is the same. This is analogous to the increased value of
the oscillating current in the circuit in Fig. 81 over the impressed
voltage which would in some cases be four-hundred times as great.
In a radio circuit, if resonance causes too great an increase in
current value the condenser dielectric would be punctured.

The Application of Resonance to Various Forms of Radio Cir-
cuits.—Figure 82 illustrates a fundamental radio circuit in which
the inductance L, the capacitance C, and the resistance R are
connected across an alternating e.m.f., of a certain frequency. It
will be seen from Fig. 80 that an inductance will create a lagging
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effect upon the current flow and the condenser & leading effect.
1f the inductive reactance of the coil L for a given frequency, 83Y
100,700 cycles per second, i8 316.23 ohms and the capacitive
reactance for the same frequency is 316.23 ohms, then, in accor-
dance with the theory of alternating currents, if the current leads
the voltage by 90 deg., due to the capacitance in the circuit, and
the current 1ags 90 deg. behind the voltage, P
due to the inductance; it can be seen that
the two values will neutralize each other L
and consequently will result in an effective ¢
value of zero reactance.

Impedance.———From the above relation ¢ g2.— Series resonance
it may be seen that the inductive reactance cireutt:

9 FL and the capacitive reactance 5;%6 can be proven by the

use of the two formulas.

Thus, if the alternator frequency Fis gradually increased, the
inductive reactance increases, while the capacitive reactance
decreases. 1f, therefore, in the above formulas the values of
either FL or FC are increased, the total reactance will at all times
be equal to the difference of the two. Hence, if the inductive
and capacitive reactances are equal for & certain value of fre-

quency then the resultant reactance is zero. Thus,
1
2L = 5.7C

where L and C are in Henries and Farads
therefore, if the values of the inductance and capacity are known
the frequency may be determined by the following

1

o F 21r\/ LC
and is called the ‘“natural frequency”’ of the circuit-

If the natural frequency of the circuit is equal to the impressed
frequency, the total impedance 7 will be practically zero, and &
maximum of current will flow in the cireuit. Consequently,
when this condition prevails the circuit s said to be in complete
« resonance’’ OT «yune” with the impressed e.m.f. Thus at
resonant frequencies the current is a maximum in all circuits and

is equal to I=%
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Figure 83 is slightly different from the previous circuit in that
the capacity C is connected directly across (shunt) the inductance
L. Therefore, when the applied alternating e.m.f. is impressed
across each branch L and C of the oscillatory circuit a current will
flow in the two branches but in opposite directions, providing, of
course, that the alternator frequency is resonant with the free
oscillation frequency of the circuit. Thus, the sum of the current
in the external circuit will be very nearly
zero while that flowing in the oscilla-

The theoretical function of this circuit
Fic. 83.—Parallel resonance  would be as follows:
elreuit. First, assume that the inductance L
has a value of self-inductance large enough to prevent a short-
circuit of the alternator. It will be remembered that a varying
magnetic field about a coil produced by an alternating e.m.f. will
tend to oppose that e.m.f. depending upon the number of turns
on the inductance or the rate of change in the frequency.
Consider then, the applied e.m.f. of the alternator charging the
condenser C. As the voltage rises from a zero to a maximum
value the condenser charges. Then,
as the alternator voltage decreases, /\ [\ /\ /\
the condenser discharges through the U U U
inductance and continues to oscillate.
But if the alternator frequency is con-
stant, the e.m.f. impressed on the con- ﬂ [AWAWNR
denser by the alternator will be in VAY V 7
phase with the oscillating e.m.f. at the g, g4 _Damped el
condenser as a result of the oscillation. damped oscillations.
Thus with the alternator maintaining
a constant e.m.f. at the condenser at a steady value, it is seen that
the alternator functions as a ““driver”’ and tends to maintain oscil-
lations of a continuous character (undamped wave, Fig. 84a).
If the condenser discharge took place with the alternator
disconnected, however, then the oscillations would be of a
discontinuous or ‘‘damped’’ character (Fig. 84b), due to the
resistance losses caused by energy dissipation in the form of heat.
This does not mean that there is no resistance loss in Fig. 84a
but, due to the ‘“driver” action of the alternator, the loss is
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compensated for and the wave is kept continuous. The loss due
to resistance in a continuous wave circuit, therefore, results
merely in a decrease in the amplitude of the wave.

Questions

1. What factors, in addition to resistance, are sometimes found in an
alternating-current circuit?

2. What effect has inductance in an alternating-current circuit?

3. What is meant by the term inductive reactance? Capacitive
reactance? )

4. What effect has an increase of frequency upon the inductive reactance
of a circuit?

5. What is the formula for finding impedance?

6. Define resonance.

7. A circuit has a capacitive reactance of 1,000 ohms and an inductive
reactance of 1,000 ohms at a certain frequency. What is the effective
reactance?

8. Draw a diagram of a simple oscillatory circuit.

9. How can the frequency of the above circuit be decreased?

10. Draw a diagram of two oscillatory circuits inductively related.



CHAPTER XIII
PRINCIPLES OF THE SPARK TRANSMITTER

Oscillating Condenser Discharge through a Spark Gap.— Up to
the present time the effect of a condenser in a circuit in which
alternating current flows has been considered. The condenser
effect has been contrasted with the inductance coil effect. This
was necessary in order that the term ‘‘resonance’ might be under-
stood. A condenser in a radio circuit, however, functions in
another very important way which as yet has been untouched.
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Fia. 85a.—Complete cycle of a condenser charge and discharge.

This function of the condenser is to absorb a charge and then dis-
charge through the oscillating circuit, setting up ether waves as it
does so. A study of the various conditions of the condenser
during discharge is shown in the illustrations in Fig. 85a.

The condenser is assumed to be fully charged in A4; at the start
of the discharge through the spark gap the energy is all electric.
Notice the polarity of the plates. At the end of the first quarter
the energy is all magnetic. Now refer to the sine curve at the

126



PRINCIPLES OF THE SPARK TRANSMITTER 127

bottom of the figure which shows the value of the oscillations as
the condenser continues to discharge. Point 1 shows when the
condenser commenced to discharge, point 2 is the end of the first
quarter; the energy is all magnetic, and remains that way for an
instant until the current starts to decrease. The decrease con-
tinues until the end of the second quarter, point 3, when the
condenser is again in the condition it was at 1; and the energy is
all electric. There is, however, a marked difference in its actual
condition. Refer to the graphic illustration: The polarity of the
plates have changed and the amount of potential current in the
condenser is less because part of the original value has been dissi-
pated in the form of light and heat at the spark gap. It now
commences to discharge in the opposite direction and does so
until the end of the third quarter, point 4, when the energy is
again all magnetic but in a reversed direction. This will be
noticed in the reversed direction of the field, as shown by
the reversed arrows. The discharge continues to 0
point 5, which is the end of the complete cycle of N
discharge. Illustration E shows the condenser to ‘\“‘l "'};’/
this point; the polarity of the plates is the same i)
as at the start; the energy is all