





























CHAPTER 1
ELEMENTARY ELECTRICITY AND MAGNETISM

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

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

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

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

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

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

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

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

Fic. 1. Un- F16. 2. Body A Charged by
charged Body. Electrostatic Induction from
Charged Body B.

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

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

The arrangement shown in figure 4 will permit that body to
hold more than its ordinary amount of electrons. The lines
represent two conductors and the space between the lines a non-
conductor. If the conductors are charged, it will be seen that
they attract and bind each other and hence, the conductors are
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the discharge period and consequently the intensity of the flash is
enormous.

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

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

8. Current—Current strength, that is, the number of electrons
moving per second is measured in amperes.

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

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

The resistance of a conductor depends upon the kind of material
in the conductor, the length of the conductor, the cross-sectional
area, and to some extent upon the temperature of the conductor.
To be exact, it increases directly with the length of the conductor
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is the sum of the voltage of cach cell. When connected in parallel
the resultant voltage is the same as that of any one cell. The rule
is to connect cells so that the resistance inside the cells is equal to
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F1c. 7. Series and Parallel Conncction of Cells.

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

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

Standard Units FFormulas Examples
Volts E 10 Volts
Amperes = Ohms I= % 5 Amps. = S Ohns
Volts = Ohms X Amperes IR=1F 5 Amps. X 2 Ohms = 10 Volts
Volts E 10 Volts
Ohms = m R = 7— 2 Ohms = m
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If the soft iron bar is replaced by a bar of hard steel and the
current is permitted to flow through the solenoid for a considerable
length of time it will he found that the steel retains the property
of attraction long after the circuit is broken from the battery. A
piece of magnetized steel which retains its magnetism is called a
 permanent magnet.”

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

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

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

The poles always appear in pairs and are named north poles and
south poles, because of the following fact: If the magnet is sus-
pended in such a way that it is balanced and free to turn around

Lon True
Jin ot North
e
e A-‘
S 1T AN A . Nagnetic
> North

F16. 10. Suspended Magnet Attracted by Earth’s Magnetic Pole.

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

The following experiment will indicate the power of attraction
and repulsion of the poles of magnets. The north pole of the sus-
pended magnet will be repelled when approached by the north pole
of the other magnet ; likewise, the south pole will be repelled when
approached by another south pole, whereas if the north pole is
approached by a south the suspended magnet will be attracted.
Again if the south pole of the suspended magnet is approached by
a north pole the suspended magnet will again be attracted. From
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this experiment it will be found that like poles repel; unlike poles
attract. This clarifies somewhat a statement in the preceding para-
graph wherein it was noted that the end of the magnet pointing
toward the earth’s north pole was the north
sceking pole. It is commonly called the
north pole of the magnet, but according to
the theory of attraction and repulsion of the
poles of the magnet a north pole could not
he attracted by the carth’s north magnetic
pole.

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

Lon . . N\
coincide with the geographical poles. i/
Hence, there is an angle between true north VAN
and the direction which the compass points, ::E\“\‘/f;——:
magnetic north. This angle is called “an- PIINS

gle of declination.”

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

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

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

Repulsion

Fic. 11. Relation of
Fields of a Magnet.
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Take a coil of wire as in figure 15, drop a magnet end first
through the coil. The needle of the milliammeter will move, indi-
cating the presence of a current. It will quickly come to rest.
Draw out the magnet. The needle moves again; but this time in
the opposite direction. Reverse the magnet and repeat above. It
will be noticed that the needle moves but in the opposite direction
to its movement before the magnet was reversed. Use two mag-
nets. The needle moves farther than with one magnet. Try
moving the magnet faster and slower; the faster it moves the
more the needle moves—i.e., the stronger the current. Notice that
a current flows when and only when there is relative movement
between the magnet and the coil. Try moving the coil instead of
the magnet—the results are the same.

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

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

7

NS EY

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

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

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

Insert an iron core in the coil of wire. The results are similar
but thé current induced is much stronger. In this experiment the
conductor has been cut by magnetic lines of force. The circuit
with the key is called the primary circuit—the other circuit, the
secondary circuit, making the circuit in the primary allows a cur-
rent to pass in it which sets up a magnetic field. This magnetic
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stopped, or varied in the primary coil, the magnetic lines of force
set up around it cut the winding of the secondary, inducing an
e.f. in the secondary circuit. A transfer of electrical energy
has taken place between two circuits which have no electrical con-
ducting path hetween them. Induction between two separate cir-
cuits is called ““ mutual induction.”

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

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

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

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

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

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

1 milli-henry (m.h.) — .oo1 h.
I micro-henry  (u. h.) — .0oo00T1 h.
I centimeter (em.) — .00000000TI h.

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







26 RADIO MANUAL

29. Capacity Effects—When water is poured into a container
the pressure in the container depends on how high the level of the
water is raised; the pressure will be directly proportional to the
quantity of water put into the container, and inversely propor-
tional to its size and shape. The size and shape will qualify what
might be called the capacity of the container. If the container is
connected to a tank containing water, a discharge will flow into
it until the levels or pressures are the same in both, and the greater
the capacity of the container the more water will flow in to
equalize the pressures.

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

) Condenser plates
e

AE-:::—}B

Dielectric Sensitive

milliammerter
| l ||F———
Key

F1c. 20. Production of Displacement Current in a Condenser.

deflection each time the key is closed and will soon return to zero.
The momentary flow of current is due to the production of an
electric strain or displacement of electricity. This is resisted by
a sort of elastic reaction of the insulator that may be called electric
stress. On account of this reaction of the electric stress, the electric
strain due to a steady applied e.m.f. reaches a steady value, and
the current becomes zero. When the electric strain is allowed to
diminish a current again exists in the opposite direction. A current
of this kind, called a ‘“ displacement current,” exists only when the
electric strain or displacement is changing. When considering the
existence of electric strain or displacement in an insulating mate-
rial the material is called a “dielectric” and the displacement
current is sometimes called a “ dielectric current.” The electric
displacement is a movement of electrons with the positive electrons
of each molecule of the substance gathered at one end and the
negative at the other. A dielectric in such a strained condition pos-
sesses a charge of electricity and is sometimes called electricity in
“ electrostatic ”” form or electricity at rest.
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002, .003, and .004 p fd. were connected in series the resulting
capacity would be .00092 p fd.

The voltage that several equal condensers in series will safely
stand is as many times greater than the voltage of one as there are
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Condensers inparallel.  (ondensers of lire  Condensers of unlixe
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Fi1c. 21. Series and Parallel Connection of Condensers.

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

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

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

34. Alternating Current—An alternating current differs from
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If a condenser was placed in the same circuit and capacity re-
actance predominated the opposite condition would exist, that’ is,
the current would ““lead ” the voltage, reaching its maximum at a

Voltage
/ A/C urrent
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4 ~ ZARN 4 AN
0 L N, " 2 y
\ ’ A
\ ’ N\~ = % A P
s N

Voltage and currenr Voltage and current Jwovoltage curves in,
Curves with lagging in phase. opposite phase.
phase. Fhase angle 180°

F1c. 25. Curves Showing Lagging and Leading Phases.

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

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

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

attmeter
@ Pri.
s
=

Fic. 26. Wattmeter Connections.

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

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

1s called a polyphase current.
1f three conductors were spaced on an armature 120 degrees
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41 is connected to a source of radio frequency current the field of
the antenna and earth is surrounded by lines of force, which die
away when a discharge current flows, and are set up when the

£lectro-magnetic line

Electro - static
line

A/iertﬁ:’

T 777777777777 777 T7T7777777 Tr7Y,

Lar’h
Fic. 41. Radio Waves Surrounding Grounded Antenna,

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

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

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

The higher the antenna, the more the energy radiated. The nat-
ural wave length of the antenna is the wave length without any
inductance coils or condensers in series with it. In order to operate
the antenna at a wave length below the fundamental wave length
it is necessary to employ a condenser in series with the antenna.
The wave length of an antenna is increased by adding inductance
at its base. LEvery antenna has a certain, amount of distributed in-
ductance and capacity. The inductance of the wires forms the dis-
tributed inductance. The distributed capacity is formed by the
wires acting as one plate of a condenser and the ground the other.
The capacity of the condenser thus formed is dependent upon the
length and number of wires in the antenna and the distance be-
tween each wire, as well as the height of the antenna above the
ground. When another capacity is connected in series with the
capacity of the antenna the same effect is produced as two con-
densers in series. The capacity is thereby reduced. The funda-
mental wave length can be calculated directly from the dimensions
but as such formulz are too complicated for the average operator
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to reduce the current of the shunt field windings resulting in a
weakened field. With an increased load the armature current in-
creases as the shunt field current decreases; hence the terminal
voltage falls off considerably.

7 7 A
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«Shunt windingsg 4
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IYic. s0. Circuit of Serics 16, s1. Circuit of Compound
Wound Generator. Wound Generator.

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

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

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

9. Regulation—The relation of the voltage on no load to the
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will start to discharge through the generator resulting in a re-
versal of the residual magnetism. When the machine is again
started the reversed residual magnetism reverses the polarity of
the generator brushes, thus reversing the direction of the field
current and making it agree with the new direction of the re-
sidual magnetism. This will allow the generator to build up,
hut the polarity will be reversed. The residual magnetism can be
again reversed so that the generator will have its normal polarity
by sending a current from another generator or a battery through
the field in the proper direction. This is accomplished by con-
necting the positive terminal of the battery to what is now the new
positive terminal of the generator and the negative of the battery
to the negative of the generator. The brushes should be lifted or
removed during this operation. A battery of 6 to 12 volts will
sometimes accomplish the correct result. If the reversal does not
take place immediately upon first test the battery should remain
connected to the fields for an hour or two.

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

te—Tobuss —ﬂ o
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Shunt field.

Fic. 52. Circuit of Ground Indicator on D.C. Generator.

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

13. Electric Motors—There is no essential difference be-
tween a motor and a generator. The structure of both is identical
but the function is reversed. The motor converts electrical power
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tain the flow of current in the same direction as before, conse-
quently the upper half of the armature is always a North pole and
the bottom a South pole. Thus the armature is made to revolve
when supplied with current.

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

15. Direction of Rotation—If the connections from the bat-
tery were reversed at points A4 and B in figure 53, it would have
no effect on the direction of rotation. The armature would still
continue to rotate in the direction of the arrow. Reversing the
connections from the battery would reverse the polarity of the flux
in both the armature and the field poles. The North field pole
wotld become a South field pole and South field pole would be-
come a North field pole. Likewise the armature South pole would
become a North pole and the South pole of the armature a North
pole. The same power of attraction and repulsion between like
and unlike poles would result with no change in direction of rota-
tion. In order to change the direction of rotation the flow of cur-
rent must be changed en either the armature or ficld poles, but not
 both. For example: In figure 53 reverse the field poles cnly.
The North pole is now a South pole and the South pole a North
pole. The direction of armature current has not been changed,
therefore the upper half is still a North pole and lower half a South
pole. The North pole of the armature being attracted by the new
South pole, rotation begins opposite to the arrow or counter clock-
wise, where before, as shown by the arrow, the direction of rota-
tion was clockwise, The same thing would have happened if the
armature windings had been reversed instead of the field wind-
ings. The general practice is to reverse the current in the arma-
ture, rather than in the fields.

16. Counter Electromotive Force—As soon as the armature
of a motor starts to rotate, an e.n.f. is induced in the armature
windings of such polarity as to oppose the e.m.f. that started the
motion. The back pressure or voltage is known as counter electro-
motive force and governs the speed of a motor. The value of
counter e.m.f. is proportional to the speed of the armature, the
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not interfere with the reception of radio signals. In instances of
this kind automatic starters are employed, which are controlled
from a distant point by pressing a small button or closing a small
switch. The automatic starter solenoid and resistances sometimes
are a part of the transmitter panel in the operating room and con-
trolled by a start-stop switch mounted close to the antenna send-
receive switch on the operating table. The motor generator is
usually mounted in an iron box over the top of the engine room and
accessible to the operator for care and maintenance.

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

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

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

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

19. The Construction of this series contactor is shown in
figure 56, in which A4 is the operating coil, connected in series
with the motor; B is the cast iron case, making the magnetic cir-
cuit; C is the plunger carrying the contact disk, D, at the top,
which in the closed position makes contact with the contact brushes
E; F is the adjusting plug; G is the operating air gap; H is the
lock-out air gap; and 7 is the shunt holding coil.
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plunger to its closed positior with contact D against the contact
brushes E.

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

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

A shunt holding coil K, figure 53, is provided on the last acceler-
ating contactor of each starter. This coil is connected in series
with a protecting resistor unit PR, and they receive full line volt-
age upon closure of the contactors. At the same instant the series
coil is shorted out of circuit and the shunt coil will hold the con-
tactor closed until its circuit is opened.

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

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

The starter is adjusted to accelerate a direct current motor in
the shortest possible time and yet keep the current peaks down to
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a load on the machine until the motor gets up to normal speed.
Various types of motor generators and their application to a par-
ticular transmitter will be described in the succeeding chapters.

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

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

PQQQ000Q

Fi6. 63. Fundamental Circuit of Rotary Converter.

the brushes Bt and B2 and also flows through the shunt field SF,
causing the armature to revolve in the usual way. Taps are taken
off the commutator segments directly underneath the brushes and
are connected to collector rings CR on the opposite ends of the
shaft, the circuit continuing through the primary of an a.c. trans-
former T. The voltage of the alternating current will be a maxi-
mum when taps to the collector rings are underneath the brushes
and minimum when midway between the brushes. As the arma-
ture revolves the current taken from the collector rings will flow
in the opposite direction and therefore, as the armature revolves, an
alternating current can be taken from the armature, the frequency
of which varies with the speed. The a.c. voltage of the converter
is increased by increasing the speed of the armature, but the fre-
quency of the current increases simultaneously. When such a
machine is run as a direct current motor and used to supply alter-
nating current it is spoken of as an “inverted rotary converter.”

26. Dynamotor—A dynamotor is employed to change direct
current at one voltage to direct current at another voltage. This
is very convenient on small yachts and pleasure craft where from
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take special precautions mot to use the hydronieicr syringe of
the lead battertes to fill Edison batterics.

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

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

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

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

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

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

(a) that no spark or open flame be permnitted near the battery

or its com partuient.

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

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

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

sparking die to loose connections.

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

The voltage of the charging source must always exceed the
maximum voltage of the storage hattery because the voltage of the
battery exerts a back e.m.f. on the charging voltage. If the back




90 RADIO MANUAL

em.f. of the battery is greater than the charging voltage, no
charging current will flow.

A variable resistance is usually connected in series with the
charging circuit to regulate the amount of current flowing into the
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F16. 69. Characteristic Curve of Charge and Discharge of Edison Battery.

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

E —e
I A
E = supply voltage,

R:
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source of voltage and current, and that this current will flow in
the reverse direction from the charging current.

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

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

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

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

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

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

23. Hydrometer—In mixing the electrolyte the correct pro-
portion of water and acid can be exactly determined by test with
the hydrometer. The hydrometer is a small glass tube closed at
both ends and weighted at one of them. The hydrometer floats
in the fluid and displaces the fluid more or less as the fluid is more
or less dense. Thus, the density of the fluid can be read at the
point where the “ water line” of the fluid meets the graduated
scale of the tube. The density of pure distilled water in terms of
specific gravity scale is 1.000 at 70 degrees Fahrenheit. The
specific gravity of the concentrated sulphuric acid is far above
this and the water and the acid must be properly combined until
the specific gravity of the combination is of the correct value for
the particular type of battery. Since the temperature of the elec-
trolyte has its effect upnn the density of the electrolyte, the read-
ings must be taken at approximately 70 degrees Fahrenheit, or
else corrections for temperature must be applied. The general
rule is to add .oot to the hydrometer reading for each 3 degrees
ahove 70 degrees F., and to subtract .0o1 for each 3 degrees below
70.

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

For liquids heavier than water:
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29. Discharge Voltage Limits—The discharge of a battery
must be stopped when it has reached the discharge voltage limit
which depends—upon the type of cell, the concentration of the
acid, and the rate of discharge. The discharge voltage limit when
given on the battery name plate is for the normal discharge 1ate.

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

30. Chemical Action During Charge and Discharge—When
a cell is fully charged the negative plate is lead sponge, Pb, and
the positive plate is lead peroxide, PhO,, the specific gravity of the
electrolyte (sulphuric acid, H,SO,, and water, H,O) is at its maxi-
mum between 1.210 and 1.220 (marine radio hatteries, Sp. Gr.
higher for some other types), temperature 70 or 8o degrees F.
Chemical energy is stored in the cell in this condition.

If the cell is put on discharge the H,SO, of the acid is divided
into H, and SO,. The H, passes in the direction of the current to
the positive plate, and combines with some of the oxygen of the
lead peroxide and forms H,O; the SO, combining with the liber-
ated Pb of the positive plate to form lead sulphate. The SO,
also forms lead sulphate, as the negative or lead sponge, PD, plate.
As the discharge progresses both plates are finally reduced so that
they contain considerable lead sulphate, PhSO,. The water forned
has diluted the acid lowering the specific gravity of the electro-
lyte; when the plates are entirely sulphated current will cease, since
the plates are identical, and any electric cell requires two dissimilar
plates in the electrolyte. In common practice, however, the dis-
charge is always stopped before the plates have become entirely
reduced to lead sulphate. The lead sulphate that has formed by
the acid in contact with the plates is more bulky than the lead
sponge or lead peroxide just as copper sulphate on copper, or iron
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34. Injurious Effects of Local Action—Therce is another
chemical action which takes place in any battery, termed “local
action.” This is going on all the time whether or not the battery
is in use, and during all states of the charge. The lower the state
of charge, the more injurious are the effects of local action, and the
higher the density of the electrolyte used the more vigorous its
action. The temperature of the electrolyte also has an effect on
the local action—the higher the temperature the greater the effect.
In addition to causing a battery to lose its charge, local action
produces a lead sulphate of a different composition from that pro-
duced by electro-chemical action. The lead sulphate produced by
local action is of a much harder texture than that produced by
normal electro-chemical action and has a whitish crystallinc ap-
pearance. It also has a high resistance and is insoluble in sulphuric
acid. On account of the nature of this material, if allowed to ac-
cumulate on the active material to any appreciable extent, it will
cause an increase in the internal resistance of the battery and a
reduction in its capacity. This sulphate also tends to cause the
plates to bend and buckle if allowed to go unchecked, because it
continues to increase in volume as long as there is any sulphuric
acid in the electrolyte. This is more noticeable where the sulphate
has once gained foothold. In such cases the ordinary amount of
charging will not bring the density of the electrolyte up to the
proper specific gravity, and as the natural tendency of the repair
personnel will be to add electrolyte, a trouble which has already
gained headway will be aggravated.

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

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

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

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

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

For a battery which is on trickle charge 24 hours every day, if
the adjustment is correct the voltage directly at the battery ter-
minals will be between 2.10 and 2.30 volts per cell and should
average very close to 2.15 volts per cell. If it is continually helow
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ton switch is provided on the switchboard for closing the circuit
when it is desired to take a voltage reading. This precaution is
taken to prevent inductive effects incidental to the operation of the
radio outfit damaging the meter. '

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

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

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

44. To Discharge the Battery—\Vith the circuit breaker
open, close the 6-P.D.T. switch to the right., With the battery dis-
charging the lights can be operated from either the bus or the bat-
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medium or path for a current which flows from the “ B ” battery
to the filament, from filament to plate and plate to “ B ” battery.

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

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

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

3. Action of the Grid—Between the plate and the filament is
the wire grid. The grid is much closer to the filament than the
plate and hence a charge on the grid has much more effect on the
flow of electrons than would a similar charge on the plate. A
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plate voltage, as the grid voltage is made positive, the plate cur-
rent gradually increases. A limit is finally reached whereby an
increase in grid voltage produces no increase in plate current.
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Fic. 80. Characteristic Curves of a Vacuum Tube.

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

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

The first method consists of establishing a normal grid voltage
of sufficient value to operate the tube at that part of the character-
istic curve whereby the radio frequency voltages communicated
to the grid cause unequal changes in the plate current. Figure 81
shows the connections necessary to employ this method of detec-
tion. The antenna is connected directly to the inductance. The
circuit is tuned to resonance with the desired transmitting station
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frequency rate resulting in an audio frequency vibration of the
diaphragm of the telephones for each wave train.

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

Foud tween grid and positive filament.

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

During the negative alternation of the radio frequency oscilla-
tion, the plates of the condenser C-2 connected to the tuned circuit
L-1 C-1 become negative—the other side becomes positive and
hence the grid becomes negative. No electrons are added but
none are thrown off as the grid is not heated. The net result of
the whole oscillation is to lower the potential of the grid. The
effect of each oscillation then is to decrease the potential of the
grid (by adding electrons). This effect is cumulative so that each
wave in a wave train adds to the effect of the preceding wave.
The result of the passage of the wave train is that the grid po-
tential is reduced. The reduction of the grid potential causes a
reduction of the plate current. This occurs every time a wave train
passes and hence there is a pulsating current of wave train fre-
quency through the telephones. Wave train frequency is audio
frequency, so the signal is heard. (See figure 84.) The grid leak
does not allow the escape of the electrons from the grid while the
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casting station on a loud speaking device such as a horn or cone
designed for that purpose.

9. Characteristics Required of Audio Frequency Ampli-
fier—Sound waves vibrate at the rate of approximately 30 to
15,000 cycles per second. The average human ear cannot hear
vibrations below 16 cycles nor above 15000 cycles. In radio
broadcasting it has been found that a band from 30 to 7,000
cycles is ample for excellent transmission. Therefore it can be
seen that an audio frecuency amplifier
employed either as a speech amplifier
at the transmitting station or as an
audio frequency amplifier at the re-
ceiving station must have certain char-
acteristics whereby all these frequen-
cies can be reproduced without distor- s
tion. (See curve, figure 85-a.) % frequency in creles.

Audio frequency amplifiers designed . 8sa. Characteristic
for radio telegraph code reception do Curve of Ideal Amplifier.
not require such frequency character-
istics. An amplifier designed to give maximum amplification
from 6o to 1.000 cycles is sufficient for this class of service.

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

Amplification

. Transformer coupled Impedance or choxe coil coupled.

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

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

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

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

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

11. Amplification Constant—Resistance and impedance
coupled amplifiers are limited in amplification per stage by what
is known as the amplification constant of the tube. Amplification
constant (expressed by the small Greek letter “ mu,” p) is an ex-
pression of the ability of a vacuum tube to amplify voltages. For
example, the plate current of a tube may be 4.5 milliamperes at
40 volts with a normal grid voltage of .4 volt. If the grid volt-
age is increased to 1.4 volts the plate current will rise to 5.9 milli-
amperes or slightly over 1.4 milliamperes per volt change. Now if
on the other hand the grid voltage is left unchanged at .4 volt and
the plate voltage is increased to 6o volts the plate current will be
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connected can be considerably increased resulting in greater ampli-
fication per tube than is possible with either resistance or imped-
ance coupling. The turn ratio of audio frequency transformers is
of the order of 1 to 3, I to 6, 2 to 5; usually not running higher
than 1 to 10.

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

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

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

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

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

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

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

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

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

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

The quality of reproduction from a transformer subject to this
form of distortion can sometimes be improved by connecting a
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fier coupling device employed at broadcasting stations for the
amplification of the feeble microphone currents is the impedance
coupled amplifier. It has the advantage of a very uniform fre-
quency amplifying characteristic. Like the resistance coupled
amplifier it is limited in amplification per stage by the amplifica-

F1c. g2. Impedance-Resistance Amplifier.

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

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

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

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

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

F16. 93. Impedance-Impedance or Double Impedance Amplificr.

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

Another arrangement consists of winding the plate and grid im-
pedances on the same iron core. The ratio of the windings is 1 to
1. The highest voltage that can be communicated to grid of a
tube employing straight resistance or impedance coupling is the
voltage drop in the external plate circuit of the preceding tube.
This is always less than the voltage directly in the plate circuit.
By placing the windings on a common core the arrangement has
the advantages of a gain in voltage by virtue of the mutual in-
ductance between the plate and grid coils. The two windings are
so arranged that the capacity between them is small. A coupling
or stopping condenser 1s connected between the two windings at
their high potential ends. The system has many of the advantages
of ordinary impedance coupled amplifiers, with additional ad-
vantage of giving higher voltage ratio.
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these electrodes. In the second group, as exemplified by the
Hazeltine  Neutrodyne * circuit two of the bridge arms are co-
alesced through the use of a close mutual inductance coupling in
either the grid or the plate circuit; there is no fourth terminal,
and the input and output circuits have one terminal in common,
namely the filament.”

22, Reversed Tickler—The simplest method of the first
group is shown in figure 99. It is known as the reversed feed-

Feversed fcxler

?m
L

{1

Fic. 99. Tuska’s Reversed Feced-Back Circuit.

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

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

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

In practically applying the arrangements of figure 100 to ampli-
fiers, the coil L may be used wholly for neutralization purposes;
but it is convenient to use it also as one winding of an amphfying
transformer, thus making a third coil unnecessary. Figure 10I
shows how this may be accomplished in a conventional neutrodyne
circuit employing a tuned two-stage radio frequency amplifier and
detector with capacity coupling neutralization of the forms just
described. As shown by DProf. Hazeltine, the neutralizing capaci-
ties are in part inherent, existing between the coils and condensers
of adjacent stages, and in part added by condensers. These con-
densers are of very small capacity and are conveniently made in
the form of an insulated wire inside a metal tube. The secondary
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IF16. 101. Conventional Neutrodyne Circuit.
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coils of the transformers are preferably wound outside the pri-
maries and so screen away some of the coupling capacity other-
wise existing between the primary coil of one stage and the sec-
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ondary circuit of the preceding stage. This screening effect is ad-
vantageous, as it reduces the capacity to be neutralized. The coils
of different transformers are arranged to have no magnetic cou-
pling. -

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

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

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

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

F16. 1010. Arrangement of , "
Neutralization of  Capacity N, G Gy

Coupling betwcen Primary and Vi
Secondary Circuits in Navy N G G

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

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

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

25. Wheatstone Bridge Circuits—The second group of
methods in which overcompensation is impossible makes use of the
properties of the alternating current Wheatstone bridge: If a
bridge be arranged with four arms, which may be capacities, in-
ductances or resistances, and the bridge is properly balanced, then
an alternating voltage impressed between either pair of opposite
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ploying a fixed tickler inductance and capacity with a variable re-
sistance in shunt to the same.

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

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

The circuit shown in figure 105-a is
one which is used quite extensively for Fic. 1050, Vacuum Tube
transmitting purposes. The method ¢ 4.~ Fr?aduency Oscillator
by which it gencrates radio frequency  Circuit.
oscillations is explained as follows:

When the key is closed the plate voltage is applied to the cur-
rent from the high voltage battery B which starts a feeble oscil-
latory current in coil and condenser circuit LC. The plate circuit
is directly coupled to the oscillatory circuit inductance by the con-
denser C,. The grid also is coupled directly to the opposite end
of the inductance by the condenser C,. The oscillatory currents
flowing in the LC circuit produce a voltage drop across the induc-
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the zero line. Thus the oscillations are maintained at a constant
amplitude. The oscillations generated by such a system are known
as undamped, sustained or continuous oscillations. The frequency
of oscillation is dependent upon the values of /. and C.

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

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

30. Harmonic Frequencies—The sinusoidal voltage im-
pressed on the grid of the generator circuit does not make equal
changes of plate current during a cycle on account of the curva-
ture of the characteristic plate current as shown in figure 106. This
causes the current wave in the plate circuit to depart somewhat
from the sinusoid and become distorted resulting in a generation
of frequencies other than the natural period of the oscillatory cir-
cuit. Assume that the circuit in figure 1035 is oscillating at a
fundamental frequency of 500 kilocycles (6oo meters). If a
wavemeter is coupled closely to the inductance L and tuned to
1,000 kilocycles (299.8 meters) a deflection of the current indi-
cating device on the wavemeter will be noted. This frequency
which is twice that of the fundamental (one-half the wavelength)
is the second harmonic. Likewise there will be found other fre-
quencies at three and four times the fundamental (one-third and
one-fourth wavelengths) and upward. It is impossible to obtain
a reading on the current indicating device of the wavemeter at
these high frequencies, but with an oscillating receiver capable of
tuning over a wide band it is possible to identify then. The 2d,
3d, 4th, 6th, 8th, etc., are even harmonics. The 3d, sth, 7th, etc.,
are the odd harmonics.

EXAMPLES OF HARMONIC FREQUENCIES.

Fundamental or 1st Har- 2d Harmonic Frequency 3d Harmonic Frequency
monic Frequency K/cys. cys. K/cys.
1000 (209.8 m1) 2000 (149.0 m.) 3000 ( 99.9 m.)
350 (856.6 m.) 700 (428.5 m.) 1050 (285.5 m.)
210 (1428 m.) 420 (713.9 m.) 630 (4759 m.)

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

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

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

Watts equal E X 1,

¢ “ 1000 X .I25,

“ “ 125‘
The usual power output in watts of this tube if it were connected
to an antenna circuit for radiation would be the antenna current
squared times the resistance of the antenna circuit. Example:
The antenna current with this tube may read two amperes. The
resistance of the antenna circuit may be 12 1/2 ohms. The power
expended in the output circuit is:






150 RADIO MANUAL

watts. Its safe plate dissipation is 100 watts. Operating at normal
load the watts input would be:

Plate Voltage 1000

“ Current  .125
Watts Input 125
““ Output 50

Dissipated 75

If the grid leak resistance is of the correct value and current
carrying capacity the power expended in the grid-filament circuit
can be omitted and the 75 watts considered as the plate dissipation.
The normal plate dissipation has been shown as 100 watts for this
type of tube, therefore the tube is being operated 25 watts lower
than its maximum rating. Operating the tube at more than its
normal safe plate dissipation without an attendant increase in
power output may result in damage such as reduced electronic
emission. If operated over a period of time the excessive heating
of the plate may liberate gases from the metal which will be mani-
fest by a milky white smoke within the tube. The tube is then said
to be “ soft ” and is of no further use in this condition.

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

Filament Construction of Power Tubes—The power tubes
manufactured by the General Electric Company for the Radio
Corporation of America have either a tungsten or thoriated tung-
sten filament. The thoriated or XL type of filaments provide a
high filament emission at a low operating temperature combined
with low power consumption and long life. The power tubes
manufactured by the Western Electric Comipany have either a
tungsten or oxide coated platinum filament. The use of an oxide
filament provides ample filament emission at cherry red tempera-
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tion passed to a detector there will result an audio frequency alter-
nating current of 1,000 cycles per second. Likewise if the locally
generated frequency was 499,000 cycles there would be produced
after detection a beat frequency of 1,000 cycles. Thus it can be
seen that a beat frequency is produced whenever the local gener-
ated frequency is tuned above or below the received signal. If
the beat frequency is not more than 16,000 cycles it will produce
an audio response in the telephones of the detector circuit. If of
more than 10,000 cycles the beat frequency will be detected but
will be beyond the limits of average audibility.

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

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

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

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

1 Radio Telephony for Amateurs, by S. Ballantine.
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ployment of Deat reception insures equal amplification of weak
and strong c.w. signals, whereas the employment of ordinary de-
tection of spark or modulated waves produces a gain in the strength
of the strong signals and a reduction in that of the weak signals.
When it is considered that the signals from a continuous wave
transmitter decrease inversely as the square of the distance the
advantages of continuous waves is quite apparent.

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

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

Figure 110 shows the schematic arrangement of a superhetero-
dyne. It will be noted there are two detectors, and for this reason
the system is sometimes called the double detection method of re-
ception. The second oscillator shown is only necessary when it is
desired to receive continuous wave signals. Due to the large
values of amplification possible with a superheterodyne it is only
necessary to employ a loop or short length single wire antenna as
the pick-up device. Increasing the length of the outside antenna
will give an increased signal strength but at the same time in-
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cycles, 6,603 meters). Tn order to receive a signal from a trans-
mitter operating on 1,000 kilocycles (200.8 meters) it would be
necessary to tune the oscillator to 40 kilocycles above or bhelow
1,000 kilocvcles, that is, 1,040 or 060 kilocycles, either of which
when combined with the incoming frequency and detected will pro-
duce a 40 kilocycle beat frequency. Thus it can be seen that if the
oscillator is tuned to either 1,040 or g6o kilocycles the station will
be heard. In order to explain why the station can be heard at
other settings of the dial it is necessary to consider the harmonic
frequencies generated by the oscillator. As already described a
vacuum tube oscillator will generate besides the fundamental fre-
quency other frequencies which are multiples of the fundamental.
In this particular case consider the wavelength dial as set at the
point where the 1,000 kilocycle station is heard. Now readjust the
oscillator dial as if to receive a higher wavelength station until at
some point on the dial the station operating on the 1,000 kilocycles
is heard. This will probably occur when the movable plates of the
condenser are almost in, that is, at nearly maximum capacity. If
the frequency of the oscillator were to be measured at this point
it will probably be 520 kilocycles. Now the second harmonic of
520 kilocycles is 1,040 kilocycles and it corresponds to the fre-
quency at which it was necessary to set the oscillator originally in
order to produce a beat frequency of 40 kilocycles. Tt is then ob-
vious that the second harmonic of the oscillator is combining with
the incoming frequency to produce the beat frequency which the
intermediate amplifier accepts for amplification. If the oscillator
were to be tuned to a still higher wavelength another point on the
dial will be noted where the station is heard again. This frequency
when measured will be 480 kilocycles the second harmonic of which
is 960 kilocycles. This frequency corresponds to the other original
sctting of the oscillator necessary to produce the correct heat fre-
quency. It is not always necessary to leave the wavelength dial
set to note the effect just described. As the two dials are tuned to-
gether while searching for some particular station, the oscillator
might arrive at some frequency whereby its harmonics may produce
the desired beat frequency with a local station and although the
wavelength dial may be considerably off from the frequency of the
station its signals will be heard. This usnally indicates a high re-
sistance tuned input circuit and is aggravated somewhat when the
superheterodyne receiver is operated on an outside antenna.

In figure 111 are shown two of the most popular types of oscil-
lator circuits. The coupling coil is employed to transfer energy
from the oscillator to the first detector. This coil is generally
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frequency of oscillation of this type of transmitter every pre-
caution must be taken to support rigidly both antenna and counter-
poise as well as all lead-in wires. This will prevent a shift of fre-
quency which would occur at each change of capacity, such as
produced by the swaying of the antenna in a wind.

Referring to the diagram it will be noted that the plate cir-
cuit is tuned by a variable condenser C'. This condenser does not
tune the circuit but merely acts as a control of the load taken by
the tube depending upon the amount of capacity in use.

When the key is closed the place voltage is applied through the
inductance L3. Starting the plate current through L® induces an
em.f. in L' which in turn induces an e.m.f. in grid coil L=
The voltage acting on the grid produces a corresponding change
in the plate current. The pulsating plate current flowing through
L? induces an e.m.f. in the antenna inductance L' and radio fre-
quency oscillations start, the frequency of oscillations being de-
termined by the constants of the antenna circuit. A r.f. voltage
i1s induced in the grid circuit which produces correspondingly
larger variations of plate current and the action is repeated. Radio
frequency currents are generated as long as the key is closed.

=T Q0000 ~o+e

Ca: (] —

Cs

Fic. 127. Colpitts Shunt Feed Circuit.

The plate and grid currents are regulated by the number of
turns employed in their respective coils. For this reason each
coil is usually tapped so as to secure the maximum output with
nminimum plate and -grid current. Variable condensers are some-
times employed to tune both plate and grid coils. Another ar-
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the internal capacity of the tubes effectively neutralizing the ten-
dency to oscillate. This permits the amplifier tubes to be fully
excited without danger of generating self oscillations.

12. Master Oscillators with Piezo-Electric Crystal Control
of Frequency—The quartz crystal which has attracted con-
siderable interest of late as a frequency standard depends for its
action on what is known as the piezo-electric effect.

If a section of a quartz crystal is placed between two electrodes
having a difference in potential the crystal becomes shortened or
lengthened.

The piezo-electric phenomena are reversible, that is to say that
as an electric field alters the size of the crystal so can alteration in
size of the crystal produce an electric field in the crystal.

A quartz crystal prepared as a radio frequency oscillator may
be round or rectangular in shape. Rectangular crystals have the
advantage of being cheaper to make and will control a greater
radio frequency output without cracking or chipping.

There are three frequencies at which a quartz crystal is capable
of oscillating. One frequency corresponds to what is known as
the X dimension, one to the Y dimension and the other to a fre-
quency which is between the X and Y frequency and is termed the
coupling frequency.?

The frequency of vibration of a quartz crystal is very constant.
When connected in a circuit with a small vacuum tube it acts as an
oscillator, the frequency of which depends wholly upon the me-
chanical vibrations of the piece of crystal. A frequency thus
produced is accompanied by numerous harmonics. These har-
monics are produced in a plate circuit of the tube and not in the
crystal. By making the inductaace large in comparison with the
capacity the harmonic frequencies will be increased considerably
both in magnitude and number. The wave form of the funda-
mental frequency in the vacuum tube is not sinusoidal, but dis-
torted, thus indicating the presence of harmonics. By employing
a large inductance in the plate or phase adjusting circuit a means
is provided for matching impedance at harmonic frequencies with
that of the plate filament circuit ¢f the vacuum tube due to the fact
that such a coil system responds to a wide band of frequencies.
This matching of impedance provides a maximum generation of
power at the harmonic frequendes. The fundamental frequency
and harmonics can then be used for frequency standards for cali-

1For further information relative to dimensions and fundamental fre-
quencies of quartz crystal oscillators see proceedings of The Institute of

Radio Engineers, January, 1927, article by A. Crossley entitled “ Piezo-
Electric Crystal Controlled Transmitters.”
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cycle. In this arrangement it is necessary that the plate trans-
former have a mid-tap. The schematic arrangement is shown
in figure 141. One tube oscillates during the first half of the cycle
and the other tube on the second half of the cycle.

[J

20—

» 2 Secondary
-
o———
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. €

1' 4

T
] Filament
winding

Fic. 141. Full Wave Self-Rectifying Transmitter Circuit.

In the case of the tube on one side of the cycle it is noted that a
group of oscillations occur every 1/500 of a second. With a tube
on each side of the cycle a group of oscillations occur every
1/1000 of a second. The radio frequency oscillations are periodi-
cally reduced to zero or in other words the oscillations radiated
by the antenna system are completely modulated by the frequency
of the a.c. supply.

The heterodyned signals from such a transmiitter is very pleas-
ing to the ear if the frequency of modulation happens to be in the
neighborhood of 500 cycles.

ANV MAN—
Grid of modulqtor or
speech amplifier tube

ternator

Modulation transformer

Fic. 142. Tone Modulation from an Alternator.

23. Tone Modulation—It is possible to periodically modu-
late the generated radio frequency currents by impressing upon
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generating ultra-high frequency oscillations. This may be over-
come by making all grid and plate leads of the same length. In
addition to this a small radio frequency choke coil should be in-
serted in each grid lead as near to the grid terminal of the socket
as possible. The choke may be made up by winding in a single layer
from 15 to 20 turns of number 24 or 26 D.S.C. wire on a form
one inch in diameter. Each choke should have the same number of
turns.  An inductive resistance of approximately 15 ohms may
be used in place of the choke coil to suppress generation of these
parasitic oscillations.

The operator is cautioned not to expect double or triple the an-
tenna current for each tube added. With normal plate voltage the
antenna powcr will be increased in proportion to the number of
tubes providing the efficiency remains the same. The antenna cur-
rent is increased in proportion to the square root of the number of
tubes. Therefore the antenna current to be expected is equal to the
original antenna current times the square root of the new number
of tubes, divided by the square root of the original number of
tubes or:

[ I X “new number of tubes

Yold number of tubes.

If one tube is in use and another is added it will be found that
the antenna current is approximately 1.4 times that shown for one
tube. '

In circuits employing full wave self rectification those tubes
acting on one side of the cycle only are computed as the power
rating of the transmitter. Assume one 250-watt tube on each side
of the cycle of a transmitter. The power output is computed as
one tube alone. It will probably be somewhat higher than the
normal rating of the tube.

27. General Suggestions for Locating and Correcting Trou-
ble in a Tube Transmitter—If the tube fails to oscillate it is
usually indicated by:

(e) High or no plate current.

(0) Excessive and rapid heating of the plate.

(¢) Grid leak remains cool.

(d) Failure of the current indicating device on a wavemeter
to register when placed in an inductive relation to primary circuit
and varied within a band of frequencies at which the primary cir-
cuit is supposed to be oscillating.

(e) Antenna radio frequencies ammeter fails to indicate cur-
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14. Condenser Type of Microphone—The condenser type of
microphone makes use of the principle of a variable capacity
actuated by sound waves. It consists of two plates having an air
dielectric. One plate of the condenser is usually a steel plug while
the other plate, which is the diaphragm, is made of duraluminum
of approximately .0018 of an inch thick. The diaphragm is
stretched nearly to its elastic limit in order to make its resonant
frequency above audibility. The plug and diaphragm are separated
about .oorg of an inch.

Usually a change of approximately 200 volts is maintained on
the condenser by means of a battery. When the sound waves
strike the diaphragm and cause it to vibrate the electrical capacity
of the condenser is varied which in turn changes the voltage applied
to the grid of the amplifying tube.

15. Description of Western Electric Condenser Transmitter
(known as No. 394-W Transmitter with No. 47 or 48 Ampli-
fier)—Construction of the Transmitter—The transmitter con-
sists essentially of a wvery thin duralumin diaphragm tightly
stretched in front of a perfectly flat plate and spaced from it only
.0or1 of an inch. The outside air is excluded from the space he-
tween the diaphragm and the plate and effects from variations in
atmospheric pressure arc taken care of by a compensating dia-
phragm at the rear of the plate. One side of the compensating
diaphragm is in contact with the outside air while the other side
through holes in the plate is in contact with the space between the
plate and diaphragm. The latter will compensate for a variation
in pressure of approximately 3 inches of mercury either side of
normal pressure at sea level,

This highly desirable feature and the fact that the diaphragm is
not required to motivate resistance varying material results in con-
sistently high quality reproduction at all times.

The Condenser Transmitter (known as No. 304-W Transmitter
with No. 47 or No. 48 Amplifier) will respond to frequencies of
from 40 to 6000 cycles with practically uniform efficiency. This
means that no appreciable distortion is introduced. The transmit-
ter is equally effective in any location hecause of the fact that its
high quality performance is not affected by changes in barometric
or climatic conditions except as already stated or unless the tem-
perature is below 20 degrees IFahrenheit.

16. Construction of the Amplifier—The amplifier is cspe-
cially designed for the function it is to perform in relation to
the transmitter. A transmitter operating with a minimum of in-
herent noise and no distortion requires that the first stage of
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4. The station operator raises the gain of his amplifier 20 T.U.
and listens closely for cross-talk from the order wire in his moni-
toring speaker, if this is available, while the field operator talks on
the order wire, the input to the field amplifier having been cut off.

5. The field operator synchronizes his watch with the station
operator, who takes time from a master clock system.

6. Ten minutes before program time the field operator sends
room noise or preliminary program to the station for check of
continuity of the broadcast circuit. This is kept on to within two
minutes of program time.

7. At program time the field operator is told over the order wire,
“Take it away ” [“It ” referring to the program] immediately
after the broadcast trunk has been connected to the station ampli-
fier input. He gives the signal to his announcer, who is generally
within reach of a hand signal, and the remote program starts.
Communication is then maintained throughout the program by the
two operators for the purpose of criticism of quality and the af-
fecting of any necessary changes.

All such circuits have been previously equalized (as previously
described) by means of an audio oscillator sending out tones at a
known frequency and level, with an amplifier and volume indi-
cator showing the levels received at the station end.

In chain broadcasting similar procedures are followed, the prin-
cipal difference being that contact between the originating station
and the chain is maintained by telegraph. The originating station
controls procedure entirely, since obviously with a multiplicity of
stations receiving a program unity can be secured only by such a
system. The method of making local announcements has been
described previously. The fifteen-second intervals in the program
left for the announcements are indicated to the chain stations by
telegraph a sufficient time before each pre-arranged gap. The in-
dividual stations then cut the line input to their amplifiers and turn
over to their local microphones, scurrying back to the chain before
the fifteen seconds are up. Test tones are sent out by the head
station to the network and the volume indicator readings at the
points of reception telegraphed back to the key station, give a
necessary check on wire conditions, possible need of re-routing cir-
cuits, etc. All the problems of high-quality telephony, as well as
specialized broadcasting procedures, are involved. ~After each
program the syndicate stations wire in reports as to technical
quality, entertainment value, and the like.”
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VACUUM TUBE TRANSMITTERS 277

Audio oscillator grid leak, 10,000 ohms.
Power amplifier grid leak, 20,000 ohms.
Screen grid resistor, 10,000 ohms.
Antenna relay series resistor, 250 ohms,
Spark absorber resistor, 62 ohms.
Generator field rheostat, 600 ohms.
Filament transformer rheostat, 16 ohms.
Master oscillator grid condenser, .002 mfd.
Screen grid grounding condenser, .02 mfd.
Filament by-pass condenser, .1—.1 mfd.
Master oscillator grounding condenser, .02 mfd.
Master oscillator plate stopping condenser, .002 mfd.
Master oscillator tuning condenser.

Meter by-pass condenser, .006 mfd.
Audio oscillator screen grid by-pass, cond. 2-1. mid.
Audio oscillztor grid condenser, .5 mfd.
Audio oscillator tank condenser, .1 mfd.
Audio oscillator tank condenser, .5 mfd.
Audio oscillator tank condenser, .5 mfd.
Generator by-pass condenser, 3 mf.

Spark absorbing condenser, .5 mf.

Meter by-pass condenser, .006 mfd.

Meter by-pass condenser, .006 mfd.
Screen grid grounding condenser, .02 mfd.
Plate stopping condenser, .002 mfd.

Power amplifier tuning condenser.

Antenna tuning condenser.

Antenna tuning condenser.

Filament transformer.

Audio oscillator transformer.

Antenna current transformer.

Keying relay, model 18.

Antenna changeover relay.

Master oscillator inductance.

Power amplifier inductance.

Antenna inductance.

Antenna inductance.

Plate choke coil.

Screen grid choke coil.

Plate choke coil.

Screen grid choke coil.

Filament voltmeter, o-15 volts, ac.
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sistance antennas if the foregoing instructions are carefully ob-
served.

24. Adjustment of Break-in Relay—A special break-in relay
is mounted on the front panel. The relay is provided with two
pairs of contacts, the pair on the left, when facing the panel, being
connected in series with the low side of the antenna circuit, and
the pair at the right being connected in the “key ” circuit of the
transmitter. The radio receiver is connected to the antenna
through the transmitter inductance whenever the left pair of con-
tacts are open; when these contacts close, they short-circuit the
input to the receiver, thereby protecting it from transmitter volt-
ages. Careful adjustments of the relay contacts must be made in
order to secure the proper time required in operation so that the
receiver input is short-circuited by the antenna contacts before
the key contacts, or the pair at the right, close. This is best done
by adjusting the antenna contacts, or the left pair, so that they are
separated by not more than 1/32 of an inch. The “key” con-
tacts should be separated by approximately 1/8 of an inch. Then,
when the transmitting key is depressed, the antenna contacts close
first, but since one of them is spring mounted, they stay closed
while permitting the “key ” contacts to make. When the proper
adjustment has been secured, no sparking will take place on the
antenna contacts, and but very slight sparking on the “key ” con-
tacts. Silver is used on the antenna contacts and tungsten on the
“key ” contacts, and both should be kept clean and the faces
parallel in order to secure the most efficient operation.

Care must be exercised in running the lead from the receiver
fuse, which is mounted at the rear of the panel, to the receiver.
This lead must not coupled to the transmitter circuits, as other-
wise voltages induced in it will affect the receiver even with proper
operation of the break-in relay. A well-shielded receiver will pro-
vide the most satisfactory operation with the break-in system.

25. Care of Chopper—\When the signal switch is placed in
the ICW. position, one pair of contacts on the switch start the
chopper motor and the other pair remove the short circuit main-
tained around the chopper during CWV. transmission. The grid
leak circuits of the master oscillator and the power amplifier tubes
are broken by the chopper at the rate of approximately 1,000 times
a second in order to produce ICW. telegraphy. The chopper
wheel, therefore, breaks grid current and the brushes and the sur-
face of the wheel should be maintained in good condition. The
brush which bears on the chopper wheel proper is made of spring
silver in order to secure good contact to the segments. It is held
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Be careful not to spill any oil on the outside of the bearing
housing.

Reassemble the cover and thoroughly wipe the exterior of the
bearing housing.

Use a good grade of machine oil.

Remove drain plug in refilling bearings, allowing old oil to drain
off ; pick up and repack waste to prevent its becoming matted and
refill as above.

Refill the bearing at the end of the first month of operation under
ordinary conditions of service and every three months thereafter,
or as experience dictates. At long intervals, it may be necessary
to remove the waste entirely and to clean the hearing thoroughly,
inspecting it as to necessity for renewal and repack with clean
waste. Use a good grade of wool yarn waste in these bearings.

35. Brushes—See that the brushes move freely in the hold-
ers and at the same time make firm even contact with commutator.
The pressure should be between 134 and 2 pounds per square
inch. Keep an extra set of brushes on hand. Fit new brushes
carefully to the commutator. The position of the brush yoke
should not be changed on commutating pole generator in order to
improve commutation.

36. Commutator—Keep the commutator clean and maintain
its polished surface. Ordinarily the commutator will require only
occasional wiping with a piece of canvas or other non-linting sub-
stance.

37. Heating—Do not depend on the hand to determine the
temperature of generators; use a thermometer. If there is any
doubt about the safe operating temperature, take the temperature
of the windings and cor:fer with the nearest office of the company.
Give full details.

38. Installation—When possible install the generator in a
place that is clean, dry, well ventilated, and accessible for inspec-
tion and care.

Rigidly support and level the base of the miotor generator set,
wedging if necessary to secure true alignment of units. Undue
vibration and unsuccessful operation may result, unless these in-
structions are followed.

The operating brush position is indicated by paint marks, one
on the brush yoke and one on the bearing housing.

In installing high voltage generators, it is, of course, necessary
that connections made to the generator be properly insulated, both
from each other and from possible contact by the operator with
line circuits. All wiring should be carefully installed in accord-
ance with National Electric Code and any local requirements.
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normal and can be controlled by the motor field rheostat. If the
same trouble appears the field rheostat and field coils should be
tested for an open circuit.

The trouble just described wsually appears at the time of in-
stallation of a new transmitter.

The plunger of the automatic starter should be adjusted to reach
the full running position within 12 seconds. A small regulating
screw P in figure 190 is placed just underneath and in the center of
the dash pot. If the screw P is turned to the right the plunger will
move up slowly and if o the left rapidly.

When the circuit to the winding 7 is interrupted, either at point
10 or at the aerial switch contacts 7 and 8, the plunger P drops
downward and through the medium of contacts 15 and 16, the
resistance coil 17 is connected in shunt with the motor armature.
The motor armature thus temporarily becomes a generator and
owing to the power expended in setting up a current through the
brake resistance 17 a powerful braking action is set up against the
armature, bringing it to a quick stop.

The shunt field winding of the motor is connected in shunt to
the d.c. line through the ficld rheostat 20. As the resistance is
increased at 20, the speed of the motor increases, and consequently,
the frequency of the a.c. generator.

The generator field winding is connected in shunt to the d.c.
line through the low power resistance 21 and the generator field
rheostat 22. The field circuit continues to the contacts 23 and 24
of the Type I switch, through the generator field switch 25, and
finally to contact 26 of the automatic starter. The generator field
winding remains open until the bar 15 attached to the plunger P
of the automatic starter has touched point 26, when the bar of the
automatic starter makes contact with point 14, the d.c. armature
is connected directly to the main d.c. line.

The voltage of the a.c. generator may be increased by reducing
the resistance of the generator field rheostat 22. It may be re-
duced by increasing the resistance of the field rheostat. Low
values of a.c. voltage may be secured at the terminals of the gen-
erator by opening the switch in shunt to the low power resistance
21.

The overload relay has the magnet winding 9, which may be
called the tripping magnet, and the second magnet winding 18, the
holding magnet. If more than a predetermined number of am-
peres, usually 35 for normal working, flow through the winding
9, the lever 6 is drawn up, breaking the circuit of the solenoid
winding 1, through contacts 5 and 6. Immediately afterward the
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this circuit is still open at the control switch, it is necessary to
close the control switch again to start the motor generator.

The coil E is composed of two windings. One is called a series
coil and is in series with the motor armature so that all the motor
current passes through it. When this current becomes excessive
the armature ( is raised and the contact between T and § is
broken. This in turn opens the circuit between K and F of the
starter.

When the armature is raised, a contact is made between T and
R which closes the circuit through the shunt winding on the mag-
net which holds up the armature G until the control switch is
opened.

A plate X has a scale indicating the point to which the armature
must be set for different values of current. The screw U regu-
lates this position. The normal working position of this relay is
for 35 to 4o amperes. When a short circuit of overload occurs
and this relay is opened, all that is necessary to re-start the ma-
chine is, to open and close the control switch unless there is a
permanent short-circuit on the line, in which case the relay will
again open the circuit. The short-circuit must be located and re-
moved.

The shunt coil should be connected to A and B and the series
coil to C and D. If the terminals of the shunt coil should become
reversed for any reason, the relay will not work properly. This
condition will be indicated by failure of the shunt coil to hold the
armature up. When a short-circuit or overload occurs the arma-
ture will vibrate slowly. If this occurs, the terminals of the shunt
coil should be reversed at A and B.

To remove the armature of the motor generator for repairs the
following procedure should be followed :

1. Remove bearing bracket from the generator end by loosen-
ing bolts and removing same.

2. Lift brushes from commutator and collector rings.

3. Pull out armature and make repairs or insert spare.

58. To Replace Armature—

1. Hold up oil rings so as to permit shaft to pass through bear-
ings.

2. Insert armature, taking care not to score commutator or col-
lector rings.

3. Replace bearing bracket, and make sure armature rotates
free by turning same over by hand.

4. Fit brushes to commutator and collector rings.
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are tight and clean. Check circuit with diagram to see that all
connections are properly made. If trouble persists, change tubes.

65. Burned Out Filament Voltmeter-Reduce filament volt-
age until tube plates begin to overheat using normal power on the
plate circuit. Then increase filament voltage slowly until tubes
operate at normal teniperature.

66. Burned Out Wattmeter—After circuits have been reso-
nated increase power until satisfactory radiation is obtained or
until sparking occurs at the safety gaps.

67. Burned Out Radiation Ammeter—Adjust aerial induct-
ance in accordance with tuning record card and make final adjust-
ment by watching wattmeter. Insert 40- or 5o-watt light in aerial
circuit. Operate at reduced power until circuits are in resonance
as indicated by maximum glow of light. After securing reso-
nance short out light and increase power.

68. Burned Out Filament Converter, Filament Transformer
or Filament Rheostat—Disconnect all of these units and con-
nect filament terminals directly to a five-cell lead-acid storage bat-
tery which will supply approximately the right filament voltage
(10 volts). Leads formally connected to the mid-tap of the fila-
ment transformer should be connected to the negative side of the
storage battery.

The regular filament rheostat cannot be used with a storage bat-
tery as it will not carry the heavy current flowing directly in the
filament circuit. However, the voltage of a five-cell storage bat-
tery should be so close to normal that no regulation will be re-
quired.

69. Burned Out Grid Leak—The resistance of the grid leak
used on this transmitter is 4,000 ohms. Should the grid leak be-
come burned out with no spare available, a suitable resistance
could be made up from material available on board ship by using
a piece of rubber hose about a foot long, filled with salt water
and plugged at both ends with wires extending through the plugs
at both ends and making contact with the salt water in the hose.
A little experimenting with the length of the hose to be used should
result in obtaining the proper value of resistance for satisfactory
operation. Any suitable resistance having a value between 2,000
and 10,000 ohms may be used.

70. Filament Converter Fails to Start—In some cases the
filament converter may not start immediately when the circuit is
closed if maximum resistance is cut in with the filament rheostat.
In such cases the armature of the converter should be turned over
immediately by hand.
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tralized a special sensitive thermocouple H11C may be connected
in circuit in place of the regular thermocouple H1oC which is
used in conjunction with the meter A/ 10C. During the process of
neutralizing, the switch DGC is opened to remove the plate voltage
from the stage and the switch D5C is closed to short-circuit the
resistors R26.1C and R26.2C. The radio frequency output of
this stage is transferred to the third amplifier by means of a radio
frequency transformer Lr12C.

4. Third Amplifiecr—The third amplifier is located in the ampli-
fier unit, whose schematic is shown in figure 206, and consists of
three No. 212-D tubes F3D, I’4D and V5D operating in parallel.
The grid circuit of these tubes is coupled to the second amplifier
hy means of the radio frequency transformer L12C in the oscil-
lator unit. This transformer has two secondaries, one supplying
the excitation voltage to the grids of the tubes and the other sup-
plying voltage for neutralizing the internal capacity of the tubhes.
The coupling between the primary and the secondary can be con-
trolled from the front of the oscillator panel while the transmitter
is in operation, thus changing the excitation supplied to the grids
of the third amplifier tubes. This control furnishes a simple and
continuous adjustment of the power output of the set.

Bias for this stage is obtained from the potentiometer R16C
through a filter circuit consisting of L10C and C20C in the oscil-
lator unit. Switch D13C on this unit serves to adjust the bias volt-
age according to the class of tube used in this amplifier, Lg.1D
and L5.2D are radio frequency choke coils used to minimize the
radio frequency current in this circuit. The d.c. grid current is
measured by the grid ammeter M 4D,

The output circuit of this stage consists of the inductance L1D,
the fixed condensers C1D, C2D), C3D and C4D, the variable con-
denser C5D and the resistors R1.1D and R1.2D. Coarse tuning
adjustments are made by changing the arrangement of fixed con-
densers, by use of D2D and D3D, and by means of taps on L1D.
Fine tuning adjustments are made by means of C5D from the
front of the panel. The resistors R1.1D and R1.2]) are used to
prevent the attenuation of higher sideband frequencies and to ad-
just the impedance of this circuit. The thermocouple Hi1.1D in
conjunction with 2D measures the radio frequency current in
this circuit.

Plate voltage for these tubes is supplied from the 1600-volt gen-
erator through the disconnect switch D4D, the meter A1D, the
radio frequency choke coil L2D and the resistor R11D to the mid-
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tubes. The Venturi tube in conjunction with the type 226-A Re-
lay S1B serves as a flow operated protective device which auto-
matically removes all power from the water cooled tubes in case
the flow of water is stopped or reduced to below 70 per cent of its
normal value. Two small pressure gauges attached to the Venturi
tube allow the operator to check the flow of water in the system.

From the Venturi tube the water flows through the outlet valve
which as a well attached containing a bulb which actuates the indi-
cating thermometer located on the front of the rectifier unit. This
thermometer S25 also acts as an electrical relay to stop the trans-
mitter should the water hecome dangerously hot.

The waterpump is a rotary impeller, single stage pump of rug-
ged, compact, and simple construction. It has hut one moving
part, a vane-edged disc called the impeller. Both suction and dis-
charge openings are in the periphery. Vanes in the periphery of
the impeller extend into the water channel, the shoulders of which
on account of their proximity to the flat surface of the impeller
cause a water seal to be formed, thus increasing and maintaining
the pressure in the channel. The shaft to which the impeller is
rigidly keyed revolves on two outhoard radial thrust ball bearings
which are lubricated by grease cups located on the bearing pedes-
tals. A strainer is installed at the inlet to the pump to prevent
dirt or other foreign matter from entering the channel or damaging
the vane. This strainer should be inspected and cleaned regularly,
following the instructions for cleaning found in the section on
maintenance.

The heat absorbed by the water system is dissipated by the air
blast radiators. The radiating tubes of these radiators are copper,
wound with copper ribbon which greatly increases their radiating
surfaces. The combination of this type of structure and the blast
of air furnished by the motor driven fan makes possible a rapid
dissipation of the heat contained in the water. The two radiators
are connected so that one or both may he used at the same time.

The total capacity of the water circulating system, which varies
somewhat with different installations, is somewhere between 35
and 50 gallons. Distilled water only should be used so as to mini-
mize leakage currents from the plates of the power amplifier tubes
and thus prevent unnecessary disintegration of the hole couplings
due to electrolysis. Water from the house supply is also likely to
leave deposits of scale on the anodes of the water cooled tubes
which prevents proper cooling.
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and should be adjusted by means of the thumb screw controlling
its armature to operate on 1.5 amperes.

(0) 1600-Volt Time Delay Relay—S35C—This relay operates
on the control circuit of the 1600-volt generator field to keep the
field circuit open until 20 seconds after the 14-volt filaments are
lighted. The air escapement valve at the top of the relay and, if
necessary, the armature weight at the bottom, should be adjusted
so that the relay contacts close 20 seconds after the relay is ener-
gized by the 14-volt generator.

(¢) 10,000-Volt Time Delay Relay—S8C—This relay operates
on the control circuit of the primary power supply for the rectifier
to keep the rectifier from being energized until 15 seconds after
the amplifier filaments are lighted. The air escapement valve at
the top of the relay and, if necessary, the armature weight at the
bottom, should bhe adjusted so that the relay contacts close 15 sec-
onds after the relay is energized by the 22-volt generator.

4. Power Amplifier Unit.

(a) Plate Overload Relay—S1E—This relay provides overload
protection for the plate circuit of the power amplifier. Its wind-
ing is connected to carry the amplifier plate current on its return
from the filament to ground. Its contacts operate on the relay
circuit of the a.c. power panel to shut off the rectifier. It is in-
stantaneous in action and should be adjusted to operate on 1.75 am-
peres by means of the thumb nut at the bottom of the relay.

5. Transformer and Filter Assembly.

(a) Rectifier Protective Horn Gaps—G1G, G2G and G3G—
One of these gaps is connected from each leg of the high-voltage
transformer secondary windings to ground to protect the rectifier
tubes and transformer windings from high voltages. FEach gap
unit includes high resistances connected in series to limit the cur-
rent passing across the gap during flashovers. Each gap should
be adjusted so that the clearance between gap points is 7/8 inch.

(b) Filter Condenser Protective Sphere Gap—G4G—T his
sphere gap, set at .293 inch, protects the filter condenser from high
voltages. The spheres should be kept clean and should be re-
polished in case an arc crosses the gap.

(c) Filter Coil Protective Sphere Gap—G5G—This sphere gap
protects the filter coil L6G from high voltages. The gap should
be adjusted for a clearance of from 1/8 inch to 5/32 inch and the
spheres should be kept clean and well polished.
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adjusted ready for use, the power should not be shut off any
longer than necessary.

1. Open the switch marked TeEsT switca. Turn the HEATER
SUPPLY switch to oFF position. Remove the cover of the HEAT
CoNT. RELAY and make the following mechanical adjustments:

(a) Turn the knurled knob at the bottom of the relay holding
the biasing spring so that the spring does not bear against the
armature.

" (b) Adjust the right contact screw until it just makes contact
with the armature. Adjust the left hand contact screw until the
gap between it and the armature is a minimum of 0.003” and a
maximum of 0.005” as measured with a No. 74-D gauge.

(¢) Adjust each of the pole pieces so that the gap hetween it
and the armature is 0.010”, this gap being measured with the arma-
ture against the opposite contact screw and the lock nuts tightened.
Use a No. 92-A gauge to set these gaps.

2. Turn the power supply on. Turn the RELAY CURRENT ADJ.
dial clockwise as far as it will go. The RELAY CURRENT should be
between .8 and 1.2 milliamperes. Slowly decrease this current by
turning the RELAY CURRENT ADJ. dial until the current reaches .25
milliamperes. If the relay has heen correctly adjusted mechani-
cally, it will remain in the operated position.

Note—The relay is in the operated position when the armature
is against the left hand contact screw. A 15-watt, 110-volt lamp
connected between the left hand contact screw and the frame of
the unit will act as convenient visual indication of the operation of
the relay, this lamp lighting when the relay is in the operated posi-
tion.

3- Turn the knurled knob at the bottom of the relay so that the
spring fastened to this knob bears against the left hand side of the
armature.  Slowly turn this screw still farther until the pressure
of the spring against the armature causes the relay to release.

Caution: Whenever any relay adjustments are to be made
the power should be cut off by turning the HEATER SUPPLY switch
to the oFF position, as there is a potential of 110 volts between the
relay frame and ground.

4. Increase the relay current by means of the RELAY CURRENT
Apj. dial until the relay operates.” Decrease the current until the
relay releases and observe at what current this occurs. The relay
should release when the current is reduced from a value sufficient
to make the relay operate to a value of 0.25 to 0.35 milliamperes.

(a) If the release does not occur within these limits, change the
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given on the curves 3 shown on page 147. Insert a D-87781 quartz
oscillator in each thermal element, following the instructions ac-
companying the quartz oscillator and reprinted on a previous page.
Except for the temperature of the crystals, the switches D16C and
D17C are the only adjustments to be made on the oscillator. It
should be noted that the lower set of curves shown on page 147
give the values of capacity, resistance and the number of turns to
be used in each branch of the output circuit of the third amplifier;
that is, the specified number of turns are to he used on each side
of the center of the coil L1D; the specified value of resistance is to
be used in both R1.1D and Rr.2D; and the specified capacity is to
be included in hoth of the two condenser hanks, the bank consisting
of C1D and C3D and the bank consisting of C2D and C4D. The
plate tap on the output circuit of the third amplifier tuning coil is
placed on the farthest turn to the right that is connected in circuit.
Set both links of D17C on the same terminal. Open the high volt-
age transformer disconnect switch D54 located in the rear of the
AC power panel. Turn the knob of the 1600-vOLT GENERATOR
field rheostat as far as it will go in a clockwise direction. Set the
THIRD AMPLIFIER INPUT control at minimum. Set the FIRST AM-
PLIFIER INPUT at about 3/4 full scale. See that switch D3C (the
triple-pole double-throw switch located in the left hand shielded
compartment of the oscillator unit) is thrown into the up position.
Set the two flexible leads on the radio frequency transformer L12C
to the tap shown on page 148; connect the high current thermo-
couple in circuit; and make sure that switch D6C is closed and
D5C is open.

Note: Before starting the transmitter, the operator should be
sure that the sensitive thermocouples used while neutralizing the
second amplifier, third amplifier and power amplifier are not con-
nected in circuit. These thermocouples should never be used ex-
cept during the process of neutralizing the stage in whose output
circuit they are connected and then the operator should niake sure
that plate voltage has been removed from this stage.

(b) Twwming First and Sccond Amplificrs—Start the transmitter
by pressing the sTART button of the MASTER CONTROL SWITCH.
Adjust the voltage of all generators except the 1600-volt generator
to their normal values. Increase the voltage of the 1600-volt gen-

3 The several curves mentioned here and throughout the remainder of
these instructions refer to curves contained in the Western Electric Instruc-
tion Book but not reproduced in this text as it was though it would be of
little interest to the student who is more concerned with practical operating
instructions and procedure.
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no way a criterion of the quality of the tubes. If three tubes of
the same class are not available, tubes of two adjacent classes may
be used. Set the switch D13C located on the panel in the rear of
the oscillator unit according to the class of tubes used. If tubes
of adjacent classes are used, set this switch on the tap correspond-
ing to the highest numbered class. At the same time see that the
switch D7C is set in accordance with the classification of the
modulator tube 2D and that switch D8C is set at 250. The
transmitter should be shut down before changing the position of
any of these switches.

(¢) Neutralizing Third Amplificr—Shut down the transmitter.
Open the switch D4D, which is the link located on the back of the
meter panel of the amplifier unit behind the THIRD AMPLIFIER
PLATE CURRENT meter. Connect the sensitive thermocouple
Hr1.2D in circuit in place of H1.1D. Set the THIRD AMPLIFIER
INPUT at minimum. Start the transmitter, and increase the THIRD
AMPLIFIER INPUT until it is maximum or until the TIIRD AMPLI-
FIER OUTPUT CURRENT meter reaches full scale deflection. Should
it be impossible to obtain a satisfactory deflection of this meter at
the maximum position of the input control, increase the number of
turns on the secondary of the radio frequency transformer Li2C
which is located in the left hand shielded compartment of the
oscillator unit. This may be done by moving the flexible con-
nector to a tap marked with a higher number. The two con-
nectors, one of which is connected to each of the two secondaries
of this radio frequency transformer, should always be connected
to taps bearing the same number. Adjust the TIITRD AMPLIFIER
BALANCING CONDENSER until the current read on the THIRD AMPLI-
FIER OUTPUT CURRENT meter is minimum.

(f) Tuning Power Amplificr and Antenna Circuit—Shut down
the transmitter. Replace the thermocouple H1.2D with the high
current capacity thermocouple H1.1D. Close the switch D4D and
set the THIRD AMPLIFIER INPUT at minimum. Next set the con-
densers and inductance in the tuning unit, making use of the in-
formation given on pages 148, 149 and 150 (W. E. Instruction
Book). Page 149 shows the approximate coupling capacity plot-
ted against the carrier frequency for low resistance antennae.
The value of coupling capacity should be taken from the curve
corresponding to the resistance of the antenna at the carrier fre-
quency. The approximate coupling capacity for high resistance
antennae may be obtained from page 150. Here the coupling
capacity is plotted against antenna resistance. Use the curve







RADIO MANUAL

"jueq 3y} UI J9SUIPUOD U0 dwos jo Aj1deded Jurired Juarind ay) 3urpaadxa jo ra8uep st 219Y) Se pasn
3 91qe) 2A0QE 3YJ UT UIALS 3S0Y3 WIOI} SIISUIPUOD JO UOIFBUIQUOD JUDISYIP OU IBYI PIPUIWOIAT ST 3] 9J0N
"S9LIdS UI P3jdauuod are £ay3 J£€) pue ) ‘,f 1) SYueq JISUIPUOD Y3} UI PISN JIE SIISUIPUOD OMT UIY AN
‘[a[1esed ur pajdauuod are £3y3 ‘) Jueq IASUSPUOD IYI UI PISN IIB SIISUIPUOD OMF UIYAY 4

*puod *puod
— *PUOD "pPjul 100 *Z | "Pjul 100" PUE ZOO' "BI I | ‘Pju 100" PUB ZOO® "€I 1 100
] 8
‘puod ‘puod ‘puod
— ‘pjwr 100° pu® ZOO' "€d I | ‘PJW 100" PUE ZOO' “BI I | "PJWl 100° PUE ZOO' "BI 1 z00°
‘puod ‘pyut S000' 1 — " ,, Z00° T " ,, €00 ‘T Szoo
— " ,, loo 1 " , 200" . , <€00° ¢ £oo°
‘puod ‘pyjut €00° 1 ‘puOod ‘pjur 100" 1 ‘Puod ‘pjur zoo* ¢ ‘PUOD “pjW 200" T Stoo*
‘puod ‘puod ‘puod
— ‘pywr ¥00' pue z0'0 "3 1 | ‘pjw t00" pue Z0oo® B3 I | "Pjwt +00" pue ZOO' ‘BI I too:
‘puod *puod ‘puod
" ,, S00° 1| °pju 00’ pue z0o' “ed I | "pjut +00; pue 200" €3 1 | ‘pju Y0O* pue zoo® ‘BI I Stoo*
‘puod ‘puod ‘puod
'Puod "pjwt 100" I | ‘pjw }00' pue Z0o* ‘ed 1 | ‘pyur $00' pue oo *ed 1 | ‘pyut ¥00' pue zoo® ‘B3 I Soo*
‘puod ‘puod ‘puod ‘puod
‘pjut 100" pue So0* “ed 1 | "pjur ¥00* pue Z00® *ed 1 | "pjur 00’ pue z0o* *vd 1 | ‘pjut Y00’ pue 200® "BI 1 ¢Soo*
- ,, 00" ¢ " ,, loo ¢ — " ,, Yoo ¢ 0900°
" ,, <00 ¢ ) ,, 100" g — " ,, Yooz S900°
" ,, ‘200" ¢ — z " , ¢00' " ,, Yoo ¢ oloo’
" ,, €00 Z . , 100" ¢ " ,, 00" T " ,, Yoo ¢ SZoo-
" ,, <00' T — " ,, €00’ 1 " ,, Yoo e 0800°
" , <00" g " ,, 100" ¢ " ,, 00" I " ,, Yoo z €goo*
. , <00' ¢ - ,, 100" 1 . ,, <00 1 . ,, Yoo z 600°
. ,, <00 T v ,, <00° I " ,, 00" 1 v ,, Yoo ¢ 0o10°
" ,, Yoo e " ,, 100" 1 " ,, €00° I — 110°
" ,, too' ¢z — — " ,, too' 1 z10*
" ,, Yoo ¢ . ,, loo — . ,, Voo 1 £10°
. ,, too z — » , <200 I " ,, Yoo 1 #.5.
‘puod ‘pjur boo* z *puUod ‘pjut 100° 1 ‘PUOd ‘pjur 200 1 *puod ‘pyjut Yoo* 1 C10°
pju
Pize) 4£D Ei) q10 Aede)
3utdno)

T dT4vL






364 RADIO MANUAL

tance L1F, the current through the coupling condensers and the
antenna current form a triangle. \When the antenna circuit has
no reactive component, the angle by which the current through the
coupling condensers leads the antenna current will be go degrees.
When the antenna has a positive reactance, this angle is greater
than go degrees and when the antenna has a negative reactance,
this angle is less than go degrees. Simultaneous readings are
made of all three currents and a factor computed which is propor-
tional to this angle (or more strictly speaking, proportional to half
the tangent of this angle). This factor will be unity when the
antenna circuit is correctly adjusted. If the factor is not unity,
more or less inductance is added to the antenna circuit until the
factor becomes unity. The detailed method of procedure is as
follows:

(a) Tune and neutralize the transmitter through the third am-
plifier as described in paragraphs (a) to (¢) inclusive of the pre-
ceding section. Adjust the coupling capacity, tuning capacity, and
close circuit inductance as described in paragraph (f) of the same
section. Reduce THIRD AMPLIFIER INPUT as previously described
in paragraph (f) of the same section. Reduce TIIIRD AMPLIFIER
INPUT as previously described and tune the closed circuit for mini-
mum POWER AMPLIFIER PLATE CURRENT.

(b) Record the simultaneous readings of the CIRCUIT CURRENT
(IND), CLOSED CIRCUIT CURRENT (CAP) and ANTENNA CURRENT
meters.

Let

I, = antenna current,
I 1nqa == closed circuit current (ind),
Ieap = closed circuit current (cap),

S =I/2(]ant +11nd +]cap)a

compute the factor

F — (S'_ ]am)(s_]cap)

S(S—1ina) '
When the antenna circuit is tuned to resonance, this factor equals
unity. If the computed value is greater than unity, the antenna
inductance sshould be decreased. If it is less than unity, the an-
tenna inductance should be increased. The following data taken
while tuning a 120-ohm antenna on 500 kilocycles will illustrate
this method of tuning.
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Amplifier Unit:

Third amplifier output current . 400 to 650 milliamperecs.

Third amplifier plate current .. 4.0 to 10.0 amperes.
Modulator plate current ....... 70 to 120 milliamperes.
Third amplifier grid current ... o0 to 5 milliamperes.
Specch amplifier plate current .. 35 to 50 milliamperes.
Modulator grid current ....... o milliamperes.
Power Amplifier Unit:
Grid current ................. 10 to 50 milliamperes.
Leakage current .............. o to 18 milliamperes.
Plate current ........ ... ..., 1.3 to 1.5 amperes.
Tuning Unit:
Closed circuit (cap.) current .. 22 to 33 ampercs.
Closed circuit (ind.) current .. 22 to 33 amperes.

Antenna current ®

IV. Maintenance

A. General—For best operation the 5-C Radio Transmitter
must be kept free from dust and dirt. High pressure air is recom-
mended for cleaning the apparatus inside the enclosure, but a soft
clean cloth may be used with good results. Waste or oily cloth
should never be used. ILemon oil is recommended as a polish for
the front of the panel units. It should be used sparingly and
wiped off with a soft cloth.

All nuts, bolts and screws should be examined occasionally and
loose ones tightened. Also examine all electrical connections and
tighten loose contacts if any are found. Trouble can often be pre-
vented by such precautions.

B. Vacuum Tubes—Tubes should never be operated at
higher voltages than those specified, as such operation shortens the
life of the tubes and does not improve the operation of the equip-
ment,

Water-cooled tubes should he removed from their sockets and
the anodes cleaned occasionally to prevent scale from accumulating.
1f scale accumulates on the copper anodes, it may prevent proper
cooling and interfere with the removal of the tubes from the socket.

The life of tubes in the power amplifier may be greatly pro-

6 Antenna current may be determined from the equation
P
I= \;—IE y

] —antenna current in amperes,
P = power output in watts, .
R —resistance of antenna at carrier frequency in ohms.
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longed by reversing the direction of the current in the filament
circuit. Switch D1E on the power amplifier unit is provided for
this purpose. It is suggested that this switch be thrown to one
side on odd numbered days of the month and to the other side on
even numbered days.

C. Motor Generators.

Caution: Make Sure That the Field Circuit of Generator Is
Open Before Working on the Generator.

The commutators of all the generators should be cleaned daily
with a cloth to remove oil and dust. They should also be cleaned
about once a week with fine (No. o or 00) sandpaper, lightly ap-
plied. Do not use emery cloth or crocus cloth. The ahove opera-
tions will help to keep the generator noise at a minimum. Clean
the oil and dust from all sets daily, giving attention to the brush
holdlfrs (particularly on the high voltage generator) about once a
week.

Inspect the brushes frequently and replace if necessary. They
should be replaced when worn so short that there is danger of the
brush spring resting on the brush holder. Check the lubrication
frequently and if necessary replenish the oil supply with a good
grade of machine oil. Also inspect the oil rings to see that they
are rotating properly.

D. Water Circulating System—Only distilled water should
be used in the cooling system. Under normal conditions a water-
flow of from 6 1/2 to 8 gallons per minute should he maintained.
This condition is fulfilled when the drop in pressure across the
Venturi tube located in the rear of the rectifier unit is between
15 Ibs. and 20 lbs. It should be noted that the top gauge on the
Venturi tube reads either a pressure or a vacuum. When this
gauge reads on the pressure side (to the right of “o0”) the drop
in pressure is the difference in the two gauge readings. \When this
gauge reads on the vacuum side (to the left of “0”’) the drop in
pressure is the sum of the two gauge readings.

The purity of the water in the system may be determined by the
indication of the leakage current meter located on the front of the
power amplifier unit. When this current exceeds 18 milliamperes,
the conductivity of the water is too great and it should be replaced.
In some installations connections have been made so that house
water may be used in an emergency, but this should not be done
unless absolutely necessary, as operating with house water is likely
to leave deposits of scale in the system, to cause unnecessary dis-
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integration of the hose couplings and to cause excessive power
losses.

The table on page 144 (W. E. Book) gives instructions for the
operation of the various values and is self explanatory.

The water system is filled through a hose attached to valve E.
Set the valves as given in table on page 144, place the hose in the
container holding the distilled water and draw water into the sys-
tem by running the pump. Fill the system until the expansion
tank is from one-third to one-half full. Under normal operating
conditions it will be necessary to add from 1/2 to 1 gallon of
water per week to replace losses from evaporation and leakage.

Each of the two radiators is equipped with valves on both the
inlet side and the outlet side. Either one or both of these radiators
may be used depending on local conditions. Under average condi-
tions one radiator will have sufficient heat dissipating capacity to
keep the temperature of the water well below 180° F. However,
during hot weather it may be desirable to use both radiators. In
this case the valves for both radiators should be left entirely open.

The strainer on the intake of the pump should be inspected
every day when the equipment is first put in operation. The con-
dition of the strainer during the first few inspections will determine
the frequency with which later inspections need be made. This
strainer may be removed for cleaning by unfastening the top of
the unit and lifting the strainer out. Valves D and F must be
closed before opening the strainer compartment.

Check the lubrication of the pump motor bearings frequently.
Use a medium cup grease in the grease cups on the pump bearing
and give the cups a turn every few days. Keep the packing on
both sides of the pump tight enough to prevent water leaks.

E. Antenna—Two or three times a year lower the antenna
and thoroughly clean the insulators. Inspect the contacts and
tighten nuts and bolts, if any are used on the antenna fittings. It
is important that the antenna insulators be cleaned periodically,
especially if there is much smoke in the air. Where smoke is
present, soot collects on the insulators and produces high resistance
ground leaks which reduce the efficiency of the antenna.

F. No. 100-A Condenser—If the installation instructions
which are packed with each condenser have been carefully fol-
lowed, and if the condensers are operated at normal temperatures
and rated voltage, little or no routine maintenance is required for
the 100-A condensers.

These condensers should be installed in a place where there is.
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free circulation of air, and where the room temperature may be
maintained between 40° F. and 105° F. They should be used only
on direct current circuits and operated at potentials not exceeding
33 volts. If it is necessary to disconnect a condenser from the
circuit for more than one week, the film on the positive plate may
deteriorate. To prevent this, the condenser should be connected
across a source of normal operating voltage for one or two hours
each week that it is out of service.

When a condenser has not been maintained in this manner it may
pass a high current and give off gas when a potential is applied.
If the cell is in this condition, it will be necessary to refilm the
positive plate before putting the condenser back into service. This
process is an emergency measure only and should not be substituted
for weekly maintenance while the condenser is out of service, for
allowing the film to deteriorate shortens the life of these cells.
The refilming may be done by connecting the condenser in series
with a 110-volt lamp rated between 50 and 100 watts across a sup-
ply of direct current having a potential equal to or slightly greater
than that of the circuit in which the condenser is used. Care
should be taken in doing this to be certain that the positive terminal
of the condenser is connected to the positive side of the source of
potential. The condenser should be allowed to remain connected
in this circuit until the current flowing through it drops to a value
of 5o milliamperes or less. This may, in some cases, take one or

“two days.

Care should be taken to keep the hole in the porcelain cover
plugged with a cork and to have the groove of the cover set prop-
erly over the rim of the glass jar, the paraffin in the grooves main-
taining the seal. Unless the air space above the oil is sealed to
prevent air circulation, crystals from the evaporation of creeping
condenser fluid will form on the supports above the oil.

Occasionally a gray precipitate will appear at the hottom of the
jar. This is the result of a corrosive action which takes place on
the positive or corrugated plates and their terminals. Such cor-
rosive attack is particularly likely to take place if sufficient care
has not been exercised in the installation of the condensers. The
attack is not harmful unless the terminals of one of the positive
plates are weakened sufficiently to allow the plate to drop against
the negative structure. In the event of a short circuit of this
nature, the condenser plates can be removed from the fluid, the
remaining supports of the affected plate cut-off, and the damaged
plate removed. The remaining electrodes may then be used until
a new condenser is obtained. The change of capacity due to the
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removal of one electrode is not sufficient to affect the filtering ac-
tion of the circuit in which the condenser is connected, and after a
plate has heen removed the condenser may continue to operate in-
definitely. However, the corrosive action may continue so that an
additional plate must be removed, in which case the filtering action
of the circuit would be materially affected.

G. Relays—Relay maintenance consists principally in keep-
ing the contacts clean. Dust collects on the contacts in spite of the
relay covers and sometimes causes a failure in the operation of an
important circuit. Relay contacts in generator field circuits should
receive special attention. Do not overlook the water flow relay
S1B. Abrasives such as fine files or emery cloth should never be
used on the contacts. In the case of badly pitted contacts, crocus
cloth may be used, but the contacts should immediately be cleaned
with carbon tetrachloride.

In order to insure unretarded action of the type PQ time delay
relays, Neetsfoot oil should be applied to the bellows once every
three months or oftener if necessary.

The contacts of the relays on the temperature control panel and
the thermostat contacts should receive special care. At least once
every two weeks they should be cleaned using the following pro-
cedure: Use carbon tetrachloride of the highest purity and some
hard wood toothpicks flat on one end. Hold the contacts apart
and deposit a drop or two of the liquid on them with the point of
a toothpick. Dip the flat end of the toothpick in the liquid to a
depth of one-fourth inch and rub back and forth two or three times
between the contacts, which should now be closed with a slight
pressure on the flat side of the toothpick.

Caution: The HEATER SUPPLY switch should be turned off when
the relays are being cleaned, as there is a potential of 110 volts be-
tween the relay frame and ground. The liquid will soften any
deposit that may have collected on the contacts and the rubbing
will remove it. Hold the contacts open again and flush with a lit-
tle of the liquid taken up on the clean point of the toothpick (not
the end used for rubbing). This will wash off any loose particles
that remain. The same toothpick should not be used for cleaning
another set of contacts since the deposit removed from the first set
might be left in the liquid and later be deposited on other contacts.
Care should be taken to keep the liquid from coming in contact
with the rubber studs, insulators, and windings as carbon tetra-
chloride has an injurious effect on these parts if applied frequently.

H. Air Filter on Power Transformer Blower—The fre-
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If, for any reason, occasion should arise to clean the crystal, it
may be done through the use of carbon tetrachloride and lens paper
or other lintless material. If there is occasion to ship the D-87781
Quartz Oscillator, care should be taken to suitably pad the crystal
before making shipment. The D-87781 Quartz Oscillator should
then be placed in a carton containing adequate padding.

V. Operating Procedure

When the transmitter is not in operation it is advisable to ground
the antenna to protect it against lightning. The safety switch D354
located in the rear of the a.c. power panel, and the safety switch
D3C located in the rear of the oscillator unit, and the main power
disconnect switch D34 located on the front of the a.c. power panel
should also be left open. Before starting, it will he necessary to
remove the ground from the antenna and close these three switches.

The transmitter may be started either with full automatic control
or semi-automatic control. Under the first condition, pressing the
start button will start all motors, light the filaments of all tubes,
supply grid bias to all tubes, operate the 10,000-volt rectifier to ap-
ply plate voltage to the power amplifier, and finally close the 1600-
volt generator field circuit, applying plate voltage to the radiation
cooled tubes. When starting under semi-automatic control the
transmitter follows the same procedure except that the 10,000-volt
rectifier is not placed in operation and the 1600-volt generator field
circuit is left open. These operations may then be performed by
the operator independently. When considerable time has elapsed
since the last broadcasting period it is good practice to start the
transmitter with semi-automatic control, adjusting the filament
voltages and allowing the filaments to burn for a few minutes pre-
vious to applying any plate potential. It is also good practice prior
to starting to turn the rheostats for the 14-volt generator, 22-volt
generator, and 1000-volt generator a few degrees in a clockwise
direction, thus preventing the generator voltage from building up
to an abnormally high value when the transmitter is started.

A. To Start with Automatic ControlHaving removed the
antenna ground and closed the safety switches, main power dis-
connect switch and the gate, press the START BUTTON of the MASTER
CONTROL switch on the front of the a.c. power panel. When the
generator voltages build up, adjust these voltages to their normal
values. After the 1600-volt generator field relay has closed, ad-
just the THIRD AMPLIFIER INPUT until the antenna is the correct
value for the desired power output.
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in the preceding paragraph, are associated respectively with the
four condenser transmitter amplifier circuits and two outside pro-
gram line circuits. They are operated by non-locking push buttons
designated “ orr”’ which are contained in the No. D-85644 Appa-
ratus Units on the No. D-85650 Panel and in the No. D-8652 Con-
trol Cabinet. Each No. E-323 Relay, when operated, breaks the
locking circuit of the associated No. D-86880 (or No. D-87170)
and No. E-1997 Relays, disconnecting the associated condenser
transmitter amplifier circuit or outside program line as the case
may be.

The third No. D-86778 Mounting Plate mounts four No.
D-86880 Relays in positions 1 to 4, two No. D-87170 Relays in
positions 7 and 8, and one No. E-241 Relay in position 10. The
No. D-86880 Relays are associated with the four condenser trans-
mitter amplifier circuits, while the No. D-87170 Relays are asso-
ciated with the outside program line circuits. Both the No.
D-86880 and the No. D-87179 Relays are provided with two wind-
ings, one for operating and one for locking. They are operated
through their operating windings by non-locking push buttons
marked “ox” contained in the No. D-85650 Panel. Once op-
erated, they are locked through their locking windings and auxil-
iary contacts until their locking circuits are broken by the opera-
tion of the associated No. E-323 Relays, controlled by the “ oFr ”
buttons of the No. D-85644 Apparatus Units. The No. D-86880
Relays may also be controlled from the No. D-85644 Apparatus
Units of the No. D-86852 Control Cabinet in the studio. The
No. D-87170 Relays can be controlled only from the No. D-85650
Panel in the control room, unless additional No. D-85644 Appa-
ratus Units are provided in the No. D-86852 Control Cabinet.
The reason for this arrangement is given in the section entitled
“ Operation.”

When operated, each No. D-86880 or No. D-87170 Relay closes
the operating circuit to the associated No. E-1997 relay, which
when operated connects the desired condenser transmitter amplifier
circuit or outside program line to the input of the No. 8C Ampli-
fier. Each No. D-86880 Relay, associated with a condenser trans-
mitter amplifier circuit, when operated not only closes its own
locking circuit and the operating circuit of the associated No.
E-1997 Relay but, in addition, opens the circuit of the interphone
signalling buzzer at the point where the associated condenser trans-
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on the front of the amplifier, associated with a two-step potenti-
ometer in the grid circuit of the second stage vacuum tube, provides
two ranges of adjustment for the main potentiometer. On the
terminal strip at the rear of this amplifier the terminals marked
“ coiL out ” are from the secondary of the output transformer,
and are connected to the input of the volume indicator, to the input
of the monitoring amplifier and through the contacts of the No.
LE-241 Relay to the wire line to the radio transmitter. The ter-
minals marked “ 4" and “ G” are connected directly in the plate
circuit of the last amplifier tube, and are to he connected to the
input of a power amplifier (No. 9g-A Amplifier) when such an
amplifier is added to the equipment. A simplified circuit of this
amplifier is shown in figure 217.

2. No. 18-B Amplificr—The No. 18-B Amplifier is provided for
monitoring. It is a single stage amplifier using one No. 205-D
vacuum tube and is used to operate one or two No. 560-Type Loud
Speaking Telephones. The gain control potentiometer of this am-
plifier permits adjustment of the output to a level suitable for mon-
itoring when the output of the No. 8-C Amplifier is maintained at
the level ordinarily used in supplying the radio transmitter. By
means of the monitor transfer key on the No. D-85650 Panel of
the No. D-87990 Miscellaneous Equipment Panel, the input of this
amplifier may be connected either to the input of the radio trans-
mitter or to the output of a radio receiver or monitoring rectifier.

The filament circuit of this amplifier is supplied through a two
ampere fuse (No. 35-C Fuse) in position 3 on the No. 204-A
Panel which is part of the No. D-88823 Power Panel. The plate
circuit of this amplifier is supplied from the “C” terminals of the
No. 1-B rectifier. As in the No. 8-C Amplifier, jacks are provided
for measuring the filament and plate currents, together with a rhe-
ostat for adjusting the filament current to the proper value. Six
No. 703 Eveready dry batteries are mounted in a battery rack on
the rear of the amplifier to supply 27 volts negative potentiol to
the grid of the vacuum tube.

3. No. 203-B Pancl—The No. 203-B Panel is fundamentally a
peak voltmeter. It is so designed that when bridged across a 500
ohm line or across an amplifier output circuit which is terminated
in 500 ohms, it gives an indication of the power level at the point
where it is bridged. This panel gives readings in terms of a unit
known as the “ transmission unit ” (abbreviated “ TU ") which is
used in telephone engineering to measure ratios of electrical power.
The transmission unit has recently been named the “ decibel ” (ab-
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to indicate the proper position of the switch for each circuit com-
bination. A wiring diagram of the coupled compensation cir-
cuit 1s included on this name plate.

31. Chopper—The chopper consists of a commutator wheel
driven by a Y4-H.P. 110-volt d.c. motor. Segments of the com-
mutator wheel are connected at regular intervals to a central ring.
The chopper brushes are so adjusted that they both make contact
with these connected segments at regular intervals during the
rotation of the wheel. The two brushes are connected through a
suitable switch to the coupled compensation loop which is placed
around the bottom of the antenna loading inductor. The com-
mutator wheel serves to alternately open and short-circuit this
coupled compensation loop. The chopper commutator wheel,
when rotated, opens and short-circuits the compensation loop at
a speed which gives a musical note in the receiver. The radio fre-
quency energy is thus emitted at two wavelengths as when using
the auxiliary hand key, but in this case the wavelength rapidly
alternates between the maximum and minimum values.

The chopper commutator wheel should be cleaned with fine sand
paper occasionally and the brushes and springs should be kept in
good condition. The oil cup on the motor should be kept filled
with good lubricating oil.

32. Note Varying Variometer—In order that the operator
may be able to slightly vary the length of his outgoing wave while
calling, a note varying variometer is supplied. This variometer
consists of a stationary coil and a coil which may be rotated with-
in the stationary coil. When the rotating coil is turned in one
direction, the outgoing wave is lengthened ; and when it is turned
in the opposite direction the wave is shortened. By rotating this
coil slightly first in one direction and then in the other, the oper-
ator is able to slightly vary the outgoing wave and thereby make
his call heard by the receiver.

The variometer is connected directly in series in the antenna
circuit between the antenna loading inductor and the relay key.

33. Antenna Low Power Resistor—In order that the an-
tenna current may be reduced when communicating with a nearby
station, a resistor is supplied which may be connected in series in
the antenna circuit for operation on low power. A shorting
switch is mounted on the bakelite cover of the unit. This switch
is closed except when it is desired to operate on low power .

34. Send-Ground-Receive Switch—This switch provides the
means of connecting the antenna either to the transmitter or
to the receiver or to the ground.
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used to transfer energy from one circuit to the other. It can
be rotated by the external coupling knob on the receiver, thereby
increasing or decreasing the amount of coupling between the
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F1c. 241. Diagram of Model AD-1527 Detector Unit.

primary and secondary circuit. Regeneration is accomplished
by a rotating tickler coil placed within one end of the secondary
inductance. The position of the tickler coil is controlled by an
external knob on the front of the receiver.

A phone jack extending through the front of the receiver panel
makes it possible to plug the telephones in on the crystal de-
tector.

8. Model AD-1527 Vacuum Tube Detector Unit—The AD-
1527 vacuum tube detector unit is contained within a metal case
and consists of the following: One rheostat, one potentiometer,
one grid leak and condenser, one bridging condenser, a phone jack
and tube socket. The potentiometer is connected in shunt to the
6-volt battery with the rotating arm connected to the negative
“B” battery. This connection permits a variation of the plate
potential applied to the detector tube. The detector box is pro-
vided with three terminal blocks as shown in figure 241. A
wiring diagram of the detector unit is shown in figure 241.
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Nantucket Lightship lat. 40 degrees 37 minutes N., long. 69 de-
grees 37 minutes west,

D. R. position lat. 38 degrees 45 minutes N., long. 63 degrees
30 minutes west.

Middle lat. 39 degrees 41 minutes N., diff. long. 6 degrees o7
minutes west.

Enter table with mid. lat. 40 degrees and diff. long. 6 degrees.
The correction is found to he — 1 degree 56 minutes (since vessel
is in north latitude and eastward of station).

Mercator bearing is then radio bearing minus correction, or
282 degrees — 1 degree 56 minutes = 280 degrees 04 minutes.

The table is computed from the formula:

Tan. Diff. Long. Sine Mid. Lat.
—.
2

Tan. correction —

When plotting the line from the radio beacon from a vessel’s
observed bearing of the beacon, the corrected bearing is, of course,
increased 180 degrees. It may be noted again, as a measure of
precaution, that the corrections given in the following table correct
only for chart distortion due to angular error in construction of
charts on Mercator projection, and has no relation for error of
calibration of the direction finder. The Model ER-1445 and ER-
1445-A RCA Direction Finders are provided with a compensator
by which the error of calibration is permanently corrected at the
time the instrument is installed and calibrated. The Model ER-
1485 RCA Direction Finder does not automatically correct for
error of calibration, however a table of correction is furnished
with the instrument tabulated from o to 360 degrees to give the
correct relative bearing for any observed reading of the indicator.

Elements of Apparatus

20. Loop—The signal from the radio station on which a
bearing is to be taken is picked up on the look above deck. When
the plane of the loop is in the direction from which the signal is
coming, the signal is maximum. Conversely, the signal received
is zero when the plane of the loop is at right angles to the direction
of the signal. As the loop is turned through 180 degrees the
manner in which the signal changes intensity is shown in figure
266. Thus it is seen that a change of 30 degrees from position 1
to position 2 only changes the signal intensity from 100 per cent
to 85 per cent, whereas the same movement of 30 degrees from
position 3 to position 4, changes the signal intensity from 50 per
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3. Turn filament rheostat to position where voltmeter reads five
(5) volts on lower scale of meter.

4. Turn both tuning controls to approximate wavelength set-
ting of station.

5. Carefully tune Station Selectors I and II, moving the pointers
back and forth over the position for loudest signal about three
times to determine the setting that gives the most intense signal.
Tt is best to do this when the loop is turned so that the signal is
not disagreeably loud. Tor good bearings accurate tuning of Se-
lector I, or left hand control, is important.

6. Set BALANCE pointer at zero.

7. Rotate loop slowly until a dip in signal strength is noted.
Leave loop in this position and set balance at position giving mini-
mum signal. Re-adjust loop slightly to get zero signal strength.
Read the bearings of the radio signal station from the end of the
indicator that carries the reading glass. For best results both the
BALANCE and the roop must be slowly and carefully adjusted.
When taking bearings on stations within five miles it may be found
desirable to reduce the signal strength. This can be done by
reducing the filament voltage or by a slight re-adjustment of Sta-
tion Selector II. By proper adjustment of the BALANCE bearings
on beacons within a radius of 100 miles can be obtained which are
definite as to sharpness, to one degree, and in some cases to 1/4 of
a degree, or about as accurate as it is possible to adjust the loop.

8. If the sense of direction is not known, turn the loop to give
maximum response. This is accomplished by turning loop go
degrees after determining line of direction. Adjust filament con-
trol and Station Selector II to give signal of medium strength.
Depress button on panel marked “ seNSE ”'; noting strength of sig-
nal. Turn loop quickly through 180 degrees while holding down
“seNse” button and note strength of signal. If signal is
stronger, the station is in the general direction indicated by the red
pointer. If the signal is weaker, the general direction of the sta-
tion is shown by the white pointer.

Maintenance

The following elements should be inspected at least once each
week :

1. Turn on filaments and determine if voltage can be brought
up to five (5) (to do this requires operation of the antenna switch
in the radio room which in turn operates a relay in the battery
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ing signal beacon. This was not found to be practical under
flight conditions.

The Bureau of Standards has experimented with a number of
possible visual indicator systems, most of them involving the use
of two different modulating frequencies for the two crossed loop
antennas. The modulated radio frequency is on the antennas con-
tinuously, instead of throwing from one to the other antenna as
in the aural system. This permits the use of continuously indi-
cating instruments on the airplane. If the airplane gets off to
one side of the course, the intensity of one of the modulated waves
will increase and the other decrease, owing to the directive nature
of the two coil antennas.

It is required that a device be used in connection with the re-
ceiving set on the airplane which will give a visual indication of
the relative amounts of the two modulated waves. This requires
some form of tuning to these two modulation frequencies. In
several devices tried, the tuning was secured by means of tuned
circuits attached to the output of the receiving set. Modulation
frequencies of 500 and 1000 cycles were used.

One form of indicator consisted of a pair of neon glow lamps.
One of these was in each tuned circuit. They were so adjusted as
to just light up when the airplane was on the course and they
received equal voltage. Because of their critical response voltage,
they gave a rather sharp indication when the voltage of either
tuned circuit dropped. In another form of indicator the two tuned
circuits were connected differentially to a rectifier and direct-cur-
rent galvanometer. When the airplane was on the course and
currents are the same in the two tuned circuits, the d.c. outputs
halanced and the galvanometer needle remained in the center of
the scale. For deviation to either side the galvanometer needle
moved correspondingly. These forms of indicator were found too
critical and too complicated for practical use.

The form most recently developed, which is likely to be adopted,
consists of two vibrating steel reeds. Their vibration gives the
visual indication and they themselves provide the necessary tuning
to the two modulation frequencies. The indicator is very simple
and practical, merely being connected to the receiving set in place
of telephone receivers. When the beacon signal is received the
two reeds vibrate. The tips of the reeds are white, with a dark
background behind them, so that when vibrating they appear as a
vertical white line. The reed on the pilot’s left is tuned to a fre-
quency of 85 cycles and the one on the right to 65 cycles. It is
only necessary for the pilot to watch the two white lines produced




































































































































































































































































































628 RADIO MANUAL

needle, punching against the end grain of a smooth piece of hard-
wood. In metal they must be drilled and great care used to pre-
vent the drill from wandering.

The mounting of so light a disc is comparatively simple and its
drive may be from any small motor running about 1800 r.p.m. on
the house supply. 1/20 horse power is ample. The driving disc
1s cut from sheet rubber, such as an automobile inner tube, and
may be mounted on a hub such as shown in figure 325 or else
glued to a wooden hub pushed on the motor shaft. The wooden
hub may be trued up with a chisel or rasp after mounting and
also the rubber disc may be cut out roughly, marked to 3” diameter
while running and then trued up with knife or scissors. The as-
sembly is shown in figure 328 and is seen to be essentially the same
as the device of figure 324. As in the other case, the motor is
allowed to operate at constant speed and moved by means of the
screw S (figure 328) to control the scanning disc speed. The

F16. 328. General Arrangement of Parts.

rubber disc touches the scanning disc itself instead of an aluminum
driving disc as in figure 324. If a paper disc is used, it is clamped
between reinforcing discs such as phonograph discs. If not pur-
chased with the disc, a 5/16” shaft must be turned up or impro-
vised by threading one end of a §” of 5/16” rod to permit clamping
the scanning disc between nuts and washers. For so light a disc
the bearing requirements are small and may be satisfied by as
simple a thing as a pair of 5/16” brass bushings 1” long pushed
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For joint use to visual broadcasting licensees, the Commission
authorized the following bands of frequencies for experimental
use only : 2000 to 2200 and 2750 to 2950 kilocycles. In addition,
the Commission will authorize the operation of visual radio broad-
casting transmitters in the band between 2200 and 2300 kilocycles,
on the condition that they do not interfere in any way whatever
with the services of any other nation on the North American Con-
tinent or in the West Indies, and that licenses be subject to revoca-
tion in case there are any complaints from any other nation of
any such interference. The Commission may continue to issue
experimental television or visual licenses in the broadcast band for
operation between 1 and 6 a.m. only, in accordance with Central
Order 5o.

The Commission adopted the following rules of priority in the
granting of applications:

1. Those engaged in experimentation to improve the technique
of visual broadcasting.

2. Those who employ methods which give the maximum defini-
tion with the minimum radio frequency band widths.







638 RADIO MANUAL

A microphonic tube has a tendency to produce a howl or tone
in the loud speaker similar in nature to a steamboat whistle. The
howl! usually begins when the set is turned on or tuned to a loud
signal and gradually builds up in amplitude and finally becomes so
unbearable that the listener is forced to turn the set off. Such a
howl is caused by “ acoustic feed-back.”

A microphonic tube is located by tapping on each tube indi-
vidually with the set turned on and noting by the ear which one
produces a bell-like ring or starts the howl in the speaker. It will
be noted that the detector tube always produces a bell-like ring in
the speaker whenever it is tapped, but if the sound seems exag-
gerated or increases in amplitude, another tube should be substi-
tuted.

Acoustic feed-backs are not always caused by defective tubes.
The proper placement of the loud speaker plays an important part
in the prevention of this form of interference. The speaker
should never be placed so that it faces the radio receiver, neither
should it be set directly over the detector tube. If one desires to
set the speaker on top of the radio cabinet and an acoustic howl
develops, it can be eliminated by placing a soft felt or rubber pad
between speaker and cabinet. Oftentimes a lead cap placed over
the detector tubes will prevent such disturbance. Such lead caps
can be purchased at most every radio store. Howls are much
less prevalent in sets having detectors of the indirectly heated type
such as the 227 or the 224.

4. Inspection of Antenna—If it has been determined that
the interference is not due to defects in the receiver, the next step
is to connect the antenna and ground and then inspect the wires
of each. AIll connections to the antenna should be tight and
soldered and insulated from the ground. If a lightning arrester
is in use, it is well to disconnect the ground side from it and listen
in to note if there is any change in condition. The ground wire
should be inspected closely to see if it is not rubbing or chaffing on
pipes other than to which it is grounded. If the connection to the
ground pipe is corroded, it should be removed and cleaned.

It is always best to connect the ground wire directly to the
water pipes where it enters the earth.

Nine times out of ten, radio receivers are grounded on the near-
est convenient piece of piping with the practical certainty that
between this point and the actual earth there is connected on an
electric light ground, a telephone ground and, very probably, the
ground of some interference manufacturing device. The average
radio installer will stare at the suggestion of running a separate
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8. Heterodyne Interference—The peanut whistle which
usually persists steadily for a period of time is generally the result
of two or more broadcasting stations operating on frequencies
separated by less than 10 kilocycles. The science recognizes that
transmitters whose carrier frequencies are separated by 10 kilo-
cycles will produce no heterodyne interference. Broadcasting sta-
tions in the United States are assigned frequency channels on this
basis. If a whistle is heard, it is the beat frequency resulting from
the interaction of two stations operating on different frequencies
less than 10 kilocycles apart. Nothing can be done in the receiv-
ing end to eliminate this form of interference,

Two, and possibly three, forms of interference might be alluded
to here. The first is the aggravating business occasioned by a
local signal strong enough to overload the first tube of the receiver,
thus producing detection which is equivalent to frequency doubling
and therefore creates a signal on the half wave. Thus, if one is
near a broadcasting station which operates at 550 k.c., this tube
may pass on to the rest of the set an 1100 k.c. signal. Should one
tune to 1100 k.c., strong interference from the local station is
therefore encountered. This thing is especially prevalent and
aggravating with sets using the so-called “ untuned ” input which
consists of a choke in the antenna (or a resistance for that matter)
across which are connected the filament and grid of the first tube.
The local station is thereupon accused of having a band harmonic
but if a wave trap is put into the antenna, it will be found that the
alleged harmonic disappears when the trap is tuned to the funda-
mental of the local station, showing positively that the difficulty
originates in the first tube of the set. In some sets the couplings
are such that this same thing can take place in a later stage when
the interfering signal is not of a strength one would ordinarily
regard as local.

Quite distinct from this is the interference created by true har-
monics at the transmitter. These are easily distinguished from
the receiver-generated harmonics by tests with a wave trap in the
receiving antenna. Thus in the case just cited, if our 550 k.c. sta-
tion had been guilty of a strong third harmonic, this would have
appeared at 1650 k.c. and its elimination would require tuning the
wave trap to that frequency. It will be observed that the fre-
quency mentioned does not lie within the broadcast band, even
though the 550 k.c. channel is the lowest one in the broadcast
spectrum. From this it follows that third harmonic interference
from Dbroadcast stations will not fall within the range of a broad-
cast receiver. It is possible for the second harmonic (half wave)
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mitter is operated in an inefficient manner or if some remedy can
reasonably be applied which will prevent the interference, the
amateur 1s expected to take the necessary action to correct such
defects as there may be in his station. On the other hand, if the
amateur transmitting station is operated efficiently and the op-
erator has taken all reasonable precautions to avoid interference
with his neighbors, he is not required to remain silent only during
the periods mentioned above if the receiver is inefficient and the
owner of the receiver is unwilling to take the same remedial steps.

15. Cooperation Between Amateurs and Broadcast Listen-
ers—It is expected that both parties will do their part to re-
lieve the interference. In most every case where this is done relief
has been obtained. A broadcast listener desirous of obtaining the
location of an amateur transmitter or filing a complaint of inter-
ference should write to the Supervisor of Radio of the district (see
Chapter 14 for addresses of supervisors), stating the nature of the
interference, the call letters of the interfering station, the time at
which the interference is experienced and the type of receiver op-
erated by the listener.

16. Interference from Electrical Apparatus and Devices—
As already stated, it seems that every electrically operated device
is_capable of causing some form of radio interference. Instead
of listing all these devices and treating the subject in a general
way, it has been thought best to take up individually those cases
which form the most prolific source and produce the greatest mag-
nitude of interference. As the subject progresses the reader will
note that the task of eliminating the interference once it has been
found is a job for an experienced electrician and should not be
trusted to the radio experimenter.

17. Locating Interference from Electrical Devices—Before
tackling the job of suppressing the interference it must first be
located. Various power companies and others have developed
special radio receivers to trace down interference. In fact, most
any of the loop-operated receivers can be used for this purpose.
However, practice has shown that the more sensitive receivers
make it difficult to localize the source as the disturbance may have
the same apparent intensity over a considerable area. If the dis-
turbance feeds over several power lines, as it usually does, the
directive properties of the loop receiver will be useless. In most
all cases it is best to use a simple, not too sensitive receiver, and
depend upon tracing the interference by means of maximum audi-
bility (“hot or cold method "), or if one care to, by combining
audibility with a visual indicator in the form of a vacuum tube
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It will be noted that the cabinet for the receiver should be large
enough to accommodate threc or four 1 1/2-volt dry cells and
9o volts of “ B battery. The cabinet is shielded to prevent pick-
ing up signals by capacity of the wiring of the set.

18. Visual Indicator—The conncctions of the visual indi-
cator are shown in figure 337. Its construction is relatively
simple.

A transformer having one to one ratio should he connected at
the output of portable receiver in place of the head telephones.
The secondary of this transformer should be connected to a 201-A
tube having some means of varying the grid hias. (A 5000-ohm
potentiometer will do.) In the plate circuit of this tube a d.c.
milliammeter having a full scale deflection of not over 25 milli-
amperes should be connected. The grid bias of the 201-A tube
should be so adjusted that when a minimum of interference is
being picked up there is no deflection of the plate current milli-
ammeter. The indicator should not he operated from the batteries
which are supplying current to the receiver.

The audibility of the interference may have the same apparent
intensity over a considerable distance in any direction from the
source. \Vith the use of the visual indicator it will be found that
the deflection of the milliammeter increases rapidly as the source
of the interference is approached and decreases with equal rapidity
when the source of interference is passed.

ITowever, there is a Dbothersome exception in case of a noise
which is fed for a long distance along a discontinuous line, that
is, one with irregularities on it. ILEvery irregularity reflects some
of the noise wave and causes a portion of it to be radiated so that
any one of these points will be the apparent source until one finds
the next one. One does not always need a sub-station or even a
transformer for a reflection point; sometimes the very insulators
from the individual poles are sufficient. It is best to start out with
the idea of finding a lot of bumps and then trying to puzzle out
which is the worst and, having determined this, look around for
the trouble. In order to obtain hest results it is well to use the
visual indicator in connection with the headset plugged in the re-
ceiver in order that the visual and aural indications may be com-
pared.

A map of the area in which the investigation is heing conducted
is an essential portion of the proceedings. The different points of
maximum audibility or intensity can be recorded on the map and
will serve a useful purpose in checking over the results of the pro-







-

650 RADIO MANUAL

If a condenser filter is connected directly across a commutator
or a pair of contacts, there is usually trouble caused by burning or
roughening of the contacts. On the break the electricity flows
into the condenser charging it and at the next make it is explosively
discharged through the contacts, either welding them slightly or
outright vaporizing a bit of them. In either case rapid roughening
results. The remedy is to decrease the time constant of the dis-
charge. This can be done by resistance, inductance, or both. In
the commercial filters manufactured by the Tobe Deutschmann
Corporation this has been done and no damage to contact on com-
mutators need be anticipated if the proper device is connected
across them.

Whenever it becomes necessary to connect a capacitive filter
across a 6o cycle a.c. line the capacity of the condenser should not
exceed 1/4 microfarad capacity or otherwise considerable a.c. will
be by-passed to ground, thus increasing the cost of power for
operation of the machine.

Generally the capacitive type of filter is applicable to all types
of electrical apparatus which sets up radio disturbances. The
capacitive filter should be placed as near as possible to the source
of disturbance.

The diagram A of figure 338 shows the connections of a capaci-
tive filter connected across the input terminals of a motor such as
used in soda mixers, fans, hair dryers, vacuum cleaners, or any
other device filtered with a small universal or d.c. motor. The
capacity of the condenser being 1/4 microfarad and tested to stand
200 or 300 volts. If the interference continues, it may become
necessary to resort to the arrangement B of figure 338.

The arrangement in B of figure 338 may also be used across the
output terminals of a d.c. generator.

21. Contact Noises—Contact noises originating from the
operation of electric pads, furnace controls, refrigerator controls,
sign flashers, elevator contactors, bell ringers, vibratory battery
chargers, are most effectively eliminated by the use of a simple
capacitive filter of the type A connected across the contact ter-
minals. This condenser should be of 1 mfd. capacity and have a
voltage safety factor. In installations where charge values of
current are hroken, such as elevator contactors, the capacity of
the condenser should be much higher, say of 20 mfd. capacity.

22. Inductive or Choke Coil Filter—The inductive type of
filter is generally emploved when the interference is of a radio
frequency nature. For instance, a step-up transformer may be
used by an amateur for furnishing plate voltage to a vacuum tube
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Vacuum cleaners
Floor polishers
Sewing machines
Hair dryers

Massage machines
Drink mixers

Egg beaters

Kitchen help machines

Small fans

Some types of oil burner fur-
naces

Small blowers

Heating pads

Battery chargers

Telephone dials

OFFICE AND STORE APPLIANCES

Cash registers
Adding machines
Small fans
Printing presses

Billing machines

Drink mixers

Electric typewriters

Electric addressing machines

MAcHINE S11oP AND GARAGE APPLIANCES

Portable electric drills
Small electric drills
Valve grinders

Vibrating battery chargers
Motor generators
Mercury arc rectifiers

BARBER Snor AND BEAUTY PARLOR APPLIANCES

Hair clippers
Massage machines
Marcelling outfits

Hair drvers
Small fans

DeNTAL OFFICE EQUIPMENT

Small motors

X-Ray machines

CoMMERCIAL FIELD

D.C. elevators

Moving picture theaters
Plating works

Printing presses

Sign flashers

Automatic railway signals
X-Ray machines

Annunciators

Dough mixers
Dishwashers
Precipitators

Motors

Generators

Electric cigar lighters

24. Commercial Filters—Instead of trying to give the de-
sign of each particular type of filter applicable to the elimination
of interference originating from the devices listed above, it has
been thought best to list those manufactured and sold by the
Tobe-Deutschmann Corporation of Canton, Mass.

Mr. W. K. Fleming, Chief Engineer of this Company, has made
a detailed study of the interference problem and the Tobe Filter-
ettes in the following list were designed as a result of this research
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which should be used. If it is caused by the ignition system, de-
termine what type of points and shielding is used. If the secon-
dary wires are unshielded, these should be run in flexible conduit
as close to the points as is possible. A separate flexible conduit
should be used for each wire and the conduits electrically connected
together at both ends as well as in the center. A wire should then
be run from the conduit to the transformer case so as to electrically
connect the conduit and the case. Whenever it is found necessary
to shield the secondary leads, they should be enclosed in rubber
tubing before the shielding is applied. The shielding should, un-
der all circumstances, be carefully insulated from the ignition
points and transformer terminals. The next thing to do is to
procure a suitable filter which, if the disturbance is caused by the
ignition only, should be applied to the primary leads as close as
possible to the transformer. The return wire from the filter
should be run to the case of the transformer. If the primary wires
to the transformer are carried in conduit, a wire should also be run
from the conduit to the return wire of the filter, in some cases it
will be found advisable to run a ground from the return wire of
the filter to either the furnace or a water pipe or both. The way
to determine which will give the best results can be found only by
experiment. In some cases, no ground whatever is required. In
fact, grounding the system sometimes brings back the disturbance.

If the trouble is caused by the motor as well as by the ignition
system, then the filter should be applied to the apparatus as shown
in figure 344. The same precautions should be observed in mak-
ing the installation as shown in figure 343. If interference is set
up by the heat regulator, the filter should be installed so that the
current passes through the filter before going to the control system,
as shown in figure 345. Of course, where no trouble is experi-
enced from the ignition system, it is not necessary to enclose the
secondary wires in conduit, but all other precautions as to connect-
ing up the filter should be observed no matter what is causing the
interference.

Although in the majority of installations satisfactory suppres-
sion of the interference can be secured by some one of the methods
above outlined, there are some types of ignition systems which are
almost impossible to correct. This is especially true of the type
wherein one of the wires from the secondary to the transformer
is made common to the burner. The only thing to do in this case
is to shield the one wire which runs from the secondary of the
transformer to the ignition points and to apply a filter in whatever
manner is required to the particular installation. Before applying
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ference from this type of burner. However, since one side of the’
secondary is common to all metal parts of the burner, it is obvious
that the whole ignition system cannot be shielded. We usually
find, however, that shielding applied to the ungrounded lead will
sufficiently decrease the radiation from the ignition system, pro-
vided the connection from the shield to the grounded lead is suffi-
ciently firm. It is usually advisable to make this connection to
a brass or copper portion of the oil feed line as near as possible
to the point where this line enters the base of the burner. It is
essential that this ground connection be made to a carefully cleaned
part of the installation, and that a good ground clamp be used.

In addition to careful application of shielding, it is also necessary
to use a no. 110 Filterette in the power input leads to the installa-
tion. The return wire from the Filterette should be as short as
possible and should be connected to the frame of the motor as
well as to the case of the ignition transformer.

In all interference work it is necessary that leads be kept as
short as possible and, if a long ground lead must be used, that
this lead be shielded and the shield returned to a metal part of the
oil burner installation.

38. Sign Flasher Interference—Again we are indebted to
the Tobe Deutschmann Corporation for the use of Mr. Fleming’s
treatment of this subject.

“One of the most péculiar things about radio interference is
the manner that seemingly simple phases of interference have of
developing into really intricate problems. This is the case with
sign flasher interference. To all intents and purposes, what could
be easier than to remove the interference set up by opening a low
tension circuit? Yet upon careful analysis, it is found to be one
of the most difficult of radio interference problems to overcome.

“In most cases of interference, the disturbance picked up by
the set is caused by oscillations or disturbing impulses set up in
the power supply line to the set. These impulses may cause inter-
ference, due to their being conductively coupled to the set, as well
as to the fact that the power line is radiating waves which are
picked up by the antenna system. In either case, attaching a
filter directly at the source of the interference is generally all that
is necessary to reduce both effects to such an extent that they
will not cause any objectionable interference. This type of inter-
ference may be designated as primary interference to distinguish
it from other interference which may be set up by the apparatus
and which we will term secondary interference.

“ Primary interference set up by sign flashers can generally be
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spectrum. The width of these channels increases with the fre-
quency according to the following table:

Frequency (kc/s) Channel IVidth (kc/s)

1500- 2198 4

2200- 3313 6

3316— 4400 8

4405— 5490 10

5495— 8202.5 15
8210-10980 20
10090-16405 30
10420-21960 40
21980-32780 6o

Note: A visual broadcasting channel shall not be more than
100 kc in width.

A commercial telephone channel below 3313 kcs shall be re-
garded as 6 ke in width.

A relay broadcasting channel between Gooo and 9600 ke shall
be regarded as 20 kc in width.

In granting licenses, the Federal Radio Commission will specify
the frequency in the center of the particular channel licensed to he
used, but the licensee may occupy the center frequency and in
addition such adjacent frequencies (within the limit indicated on
the above table) as may be permitted by the frequency maintenance
tolerance and required by the type of emission the station may be
authorized to use, all of which will be specified in the instrument
of authorization. Furthermore, the licensee, upon application to
the Commission, may have the privilege of occupying the whole
channel on condition that the emission from the station does not
exceed the limits of the channel at any time, and provided that
fixed stations shall maintain the constancy of any single emission
of a carrier frequency to within 0.05 per cent or better at all times.

Fixed stations shall make full use of the channels that may be
assigned them to the end that channels are occupied in the most
effective and economical manner, and yet their limits not exceeded.
The following uses are recognized and will receive encouragement :
High-speed telegraphy, facsimile transmission, telephone, multi-
plex modulation, polyphase transmission, multiple emission on
separate frequencies closely spaced.

In order that channels may be utilized to the fullest extent, li-
censees who have been granted two different channels for use at
two or more stations will be granted the use of these same chan-
nels at any of the stations in their own system if such use will not
create interference with stations of other systems.
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munication with mobile - stations, without, however, knowing the
names of the mobile stations which are within their range of
action, may use the signal of inquiry CQ, in place of the call signal
of the station called in the calling formula, this formula being fol-
lowed by the letter K (general call for all mobile stations with re-
quest for reply).

In regions where traffic is heavy, the use of the call CQ followed
by the letter K shall bé forbidden except in combination with
urgent signals.

The call CQ not followed by the letter K (general call for all
mobile stations without request for reply) shall be employed for
radiotelegrams of general information, time signals, regular
meteorological information, general safety notices, and informa-
tion of all kinds intended to be read by anyone who can receive
them.

30. Article 11: Interference—1. The exchange of unneces-
sary signals shall be forbidden to mobile stations. Tests and
experiments shall be allowed in these stations only to the extent
that they do not disturb the service of other stations.

Each Administration shall decide, with a view to their author-
ization, whether the proposed tests or experiments will be likely
to interfere with the service of other stations.

8. Tests and adjustments in any station, must be conducted so
as not to interfere with the service of other stations engaged in
authorized correspondence. The test and adjustment signals must
be chosen so that no confusion can be produced with a signal, ab-
breviation, etc., of special meaning defined by the Regulations.

2. Any station transmitting for tests, adjustments, or experi-
ments must, during the course of these transmissions, send its call
signals at frequent intervals.

9. An Administration or private operating company making a
complaint regarding interference must, in order to support and
justify this complaint, declare that it regularly uses receiving ap-
paratus of a type equivalent to the best employed in the current
practice of the service concerned.

31. Article 12: Reporting of Infranctions—r1. If an Ad-
ministration has knowledge of a breach of the Convention or of
these Regulations, committed in one of the stations of the mobile
service which it has authorized, it shall determine the facts, fix
the responsibility, and take the necessary measures.

2. Infractions of the mobile service rules must be reported by
the stations detecting them to the Administration to which they
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Duplicate Licenses—Operators who have lost a valid op-
erator’s license may submit an affidavit to the radio division
through the supervisor of radio or examining officer, attesting to
the facts, which will be considered by the Radio Division which
will advise the supervisor of radio or examining officer in regard
to the issue of a duplicate of the lost license. Duplicate of licenses
will bear the same date of issue and will expire on the same date
as the original. If the original license is recovered, it must be
forwarded to the Radio Division or one of its offices for cancella-
tion and filing. Duplicates of amateur station licenses or of ex-
pired operator licenses will not be issued.

Reexamination—No applicant who fails to qualify will be
reexamined within three months from date of the previous exam-
ination. However, when an applicant for the commercial first-
class license fails in the code examination he will be reexamined
the same day for any other one class of license desired. Those
who pass the code test successfully but fail to attain a total per-
centage of at least 75 but do attain a total percentage of at least 65
will be issued a commercial second-class license, if desired. Those
who fail in the code examination for the broadcast-class license
will be examined the same day for either the radiotelephone or
amateur class license, if desired. An applicant for the broadcast-
class license who fails to attain a total percentage of at least 75
but does attain a percentage of at least 65 will be issued a radio-
telephone-class license, if desired. All examination papers, except
amateur, whether the applicant qualifies or not, will be forwarded
to the Department of Commerce, radio division, for filing.

Amateur License—Applicants for this grade of license must
pass a code test in transmission and reception at a speed of at
least 10 words per minute in Continental Morse Code (five char-
acters to the word).

An applicant must pass an examination which will develop
knowledge of the adjustment and operation of the apparatus which
he desires to use and of the International Regulations and Acts of
Congress insofar as they relate to interference with other radio
communications and impose duties on all classes of operators.

A percentage of 70 will constitute a passing mark.

This license is valid for the operation of licensed amateur radio
stations only.

Temporary Amateur Licenses—Amateurs who cannot be
examined at time of application may be given temporary licenses
valid for the operation of a particular station until such time as
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