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THE PRINCIPLES OF ELECTRICITY

IN the study of radio, many electrical terms and instruments are
encountered, making it necessary for the beginners to obtain a reason-
able working knowledge of electricity before invading the subject of
present-day radio. We have therefore devoted the first, second and part
of the third books of this series to a concise and practical course in
elementary electricity and wireless telegraphy. We do not claim that it
is complete, but if the simple lessons here taught are learned, the student
will find it rather easy to assimilate radio terms and technicalities. For a
better knowledge of electricity, we recommend the reader to the many
excellent text books which cover the subject in a more thorough manner.

Electricity in its simplest form was known to the ancients many
centuries before the Christian era. Thales, of Miletus, a city of Asia
Minor, in the seventh century B. C., described the remarkable property
of attraction and repulsion which amber possesses when rubbed.
When being thus rubbed he found that it would attract particles of
dust, dry leaves, straws, etc. This phenomenon was noted from time
to time in the centuries succeeding, but it was not until 1600 A. D,,
that Dr. Gilbert of Colchester, England, took up the study of this
subject. Because of the thoroughness with which he delved into the
study of electricity, he is considered the founder of the science of
electricity. He gave the name of electricity, which he derived from
the Greek name “Elektron,” (meaning Amber), to this peculiar force.
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Electricity is found in two forms, in one it exists as a charge
upon a body, and is known as static electricity, while in the other
form it consists of a moving current through a wire, known as dynamic
electricity. We therefore have:

Static (otherwise known as electro-static) electricity is that
branch of the science which treats with electricity at rest.

Dynamic (also known as electro-dynamic) electricity is that
branch of the science which treats with electricity in motion.

If a glass rod is rubbed with a silk handkerchief and brought near
a small pith ball, (made of the soft central portion in the stalks of
dried plants or flowers), which has been suspended by a silk thread,
there will be an attraction of the pith ball towards the rod. However,
as soon as the pith ball touches the rod, another action takes place:
the ball being repelled from the rod. The explanation is that the ball
originally held a charge opposite to that held by the rod, the charge
being neutralized on touching the rod, and some of the charge of the
rod being stored on the pith ball. Inasmuch as the same charges then
existed on the ball and the rod, both repelled each other.

Two kinds of charges are produced by friction. the kind of charge
being dependent on the substances rubbed together. Thus if glass 1s
rubbed with silk it becomes charged with positive electricity. On the
other hand, sealing wax receives a negative charge if rubbed with
flannel. Positive electricity is represented by a plus sign (4), and
negative electricity by the minus sign (—). Where the current has
been perfectly neutralized so that no polarity exists, a combination
of both signs is used (=).

While a charge may be given to a body by contact, it is also
possible to charge a body at a distance by what is known as induction.
If an electrified rod is brought near a glass cylinder, the latter will
receive a temporary charge which disappears again when the charged
rod is removed from the vicinity of the cylinder. However, if a per-
manent charge is desired, the glass cylinder is touched by the hand
while the rod is held in the other hand near the end opposite to that
being touched. A body touched or grounded while near a charged
body is electrified oppositely. A body brought near a charge of elec-
tricity is electrified oppositely on the near end and similarly on the
far end.

-The following table represents electrical conductors and non-
conductors in their respective value:

Conductors. Insulators (or non-conductors)
Silver Dry air
Copper Shellac
Other metals Paraffin Ebonite
Charcoal Amber India Rubber
Plumbago Rosin Silk
Damp FEarth Sulphur Paper
Water containing solids Glass Oils

Moist air Mica



It must be noted carefully that the conductors do not hold static
charges on them, and are therefore known as “non-electrics.” The
insulators, which do not carry current, do hold static charges and are
known as “electrics.”

The amount of electricity a body may be able to retain in the
form of a charge is spoken of as its capacity. The total quantity that
can be held depends directly on the surface area over which the
charge is spread and upon the material separating two oppositely
charged bodies. The thickness of this material is also of importance.
If we employ a definite amount of electricity to charge a body of
small capacity, it will be to a higher degree than one of a larger
capacity, because the charge can spread out more on the surface
of the larger than on the smaller.

One of the most familiar types of capacity is in the form of a
glass jar or bottle, coated on its inside and outside with tinfoil,
secured to the glass by shellac or other adhesive. This is known as

Fig. 1 Fig. 2

the Leyden jar, Fig. 1, the first one having been produced at Leyden,
Holland. A brass rod with a ball at its end is passed through a
wooden cover and makes contact either by a chain or a spring clip to
the inner sides of the tin foil. The outer foil may be connected by
other means. To charge the Leyden jar, the outside coating is
grounded (held in the hand by the operator) and the inside contact
ball on rod is touched by a charged body. To discharge the jar, the
inner and outer coatings are connected together by means of a
discharger, Fig. 2, which consists of two brass balls connected together
by a metallic rod or wire and mounted on an ebonite handle.

By means of a Leyden jar having brass inner and outer cups as
substitutes to the tin foil, it may be noticed that after the jar has
been charged and these carefully removed, the charge will not be
found in either brass cup, proving that the charge really resides in
the glass surface. It will also be noticed that in any Leyden jar,
when it is discharged, there is one large spark, and an instant after
a weak spark, proving that the electric charge seemingly soaks into
the glass dielectric, and does not release itself upon the first discharge.

If a heavy charge of current is to be stored, a number of Leyden
jars are employed, all the inner coatings being connected together,
and all the outside coatings connected to each other as shown in the
illustration, Fig. 3. The entire groups may then be charged or dis-
charged together.



The capacity of a condenser depends on the size and shape of the
plates and the distance between them, as well as the insulating medium
(dielectric). The larger the plates, the greater the amount of current
required to fully charge them, hence the greater the capacity. By
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decreasing the distance between the plates, the capacity s also in-
creased, since the nearer a body is brought under the influence of a
charged body, the more electricity it will retain.

Specific Inductive Capacity, is the name given to the ratio of
the capacity of any condenser, for a given insulating material, to
" its capacity with air as a dielectric. The table below illustrates the
relative dielectric value of various materials. As an example of its
use, if a condenser has a certain capacity with air as a dielectric, it
will have 2.05 times that capacity if Petroleum is substituted for the
air as the dielectric.

Relative Value of Inductive Capacities.

Glass ................ 6.5 to10 Paraffin .................. 1.9

Shellac .............. 2.9 to 3% Carbonic Acid ............ 1.000
Sulphur ............. 28 to 32 Air ........ ..., 1.000
Ebonite ............. 2. Hydrogen ................. .999
India Rubber ........ 2.34 Vacuum .................. 94
Petroleum ........... 2.05

To produce static electricity in large amounts, a machine employ-
ing the principle of friction is often used for experimental purposes.
There are various types of these frictional machines, the most popular
type being a glass cylinder upon which a silk flap rubs as it is turned.
The charge is gathered by appropriate collectors.

The most successful machine of the type illustrated herewith,
Fig. 4 is the influence static machine, which consists of a number of
plates upon which tin foil sectors have been placed. Each pair
revolve in opposite directions, and the current is gathered by suitable
collectors. These machines operate best on cold, dry days, but some
of the larger of these influence machines are capable of developing a
spark several feet long in even unfavorable conditions while it is not
unusual to find miniatures only fifteen inches high giving a five inch
spark.



CURRENT GALVANIC ELECTRICITY.

In the foregoing pages we have only considered static electricity,
which is not used extensively in commercial activities, inasmuch as
it does not possess such useful characteristics as current electricity.

There are three kinds of current electricity, as follows:

Continuous or direct current, is current which flows in one direc-
tion only.

Alternating current, is current which flows in opposite directions
changing its direction periodically.

Pulsating current, is current which flows in one direction, but is
interrupted periodically.

In explaining the properties of current electricity and the meaning
of its terms, a striking similarity between water and electric current
will serve as an effective example.

We will therefore consider a tank of water several feet above
the surrounding ground, likening it, let us say, to reservoirs of
municipal water supplies. If a pipe be connected to this tank, and
the pipe be brought to a lower level, there will be considerable pres-
sure exerted in the water coming through the pipe. This pressure
may be gauged in pounds per square inch. In electricity, we find a
current similar to water, the pressure varying likewise according to

the source of supply. This pressure is gauged in volts, and is also
referred to as potential. Volts therefore are the units used to denote
the pressure of an electrical current. Coming back to the water pipe,
we note that if the end of the pipe is left open, the water will flow
out of it at a certain rate of speed. This may be measured in gallons
per minute if necessary, or a smaller unit, if the rate of flow is very
slight. The rate of flow of the water will be in proportion to the



pressure of the water, and also in ratio with the size of the pipe. If
the pipe is larger, and the pressure greater, the rate of flow is like-
wise higher. In electricity, we measure the flow of current through
wires in the term of Amperes, and analogous to the pipe with the
water, the greater the voltage (pressure), and the larger the con-
ductor (pipe), the greater the amount of current passing.

For the resistance the conductors offer to the flow of electric
current (the water pipe itself, in our example) the term Ohm is used.
The ohm is a unit used in denoting the resistance offered to the
passage of electric current in a conductor. We therefore note that
the lower the number of ohms resistance in a conductor, the greater
the number of amperes which are forced through the conductor by a
certain pressure (voltage). Also, the greater the voltage, the more
amperage is passed through a given resistance.
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As every part of the conductor offers resistance to the flow of
electricity, a certain amount of pressure or force is necessary to over-
come this resistance.

This force is called the ELECTROMOTIVE FORCE, or abbrevi-
ated E.M.F.

The unit in which the E.M.F. is measured is the Volt.

The E.M.F. is the whole electrical pressure existing in a circuit.
This force may not be the same at every point in the circuit, and it
may vary in pressure between one point and another. This difference
is called the POTENTIAL DIFFERENCE or abbreviated P. D., and
is measured in the same unit as the Electromotive Force, the Volt.

In the early part of this lesson, we learned that electricity of
the static form can be produced by friction and influence, but now
as we are considering current electricity, we will consider the chemical
means of producing electric current.

If a piece of sheet copper and another piece of sheet zinc are
placed in a weak solution of sulphuric acid and water, an electric
current will be generated, which may suffice to ring a bell. The elec-
tric current is formed through the decomposition of the zinc by the



powerful action of the acid. The copper sheet is not attacked by the
acid, but is used merely to form the complete circuit, which starts
at the copper sheet. passes through the conductor, back' to the zinc,
after which it goes through the solution and again reaches the start-
ing point, the copper sheet. The two exposed plates are named poles
or electrodes, and sometimes elements, Fig. 5. The solution is termed
the electrolyte, the entire apparatus being known as a galvanic cell,
or galvanic battery. \When a number of cells are combined together
in order to obtain a heavy current, this group is called a battery,
though battery is often used incorrectly to denote a single cell. The
flow of current is always from the inactive element to the active, the
latter being zinc in the majority of cells. The path through which
the current is obliged to pass in its journey, from one element to the
other is termed the circuit.

There are many forms of cells and a description of each type
would require more space than we can give to the subject. However,
the type most used is the dry cell, see Fig. 6 and Fig. 6a, which
though named a “dry” cell, is not, strictly speaking, dry. If such a
cell is opened, we find a carbon rod passing through the center sur-
rounded by absorbent material, saturated with the active chemical.
The containing case is made of zinc so that the chemical can attack
it from the inside and thus generate the current.

Another type which is rather successful by virtue of its ex-
cellent constant service is the Lalande Primary Cell. The electrolyte
is a solution of caustic soda, while the plates are of zinc and cupric
oxide. The electrolyte is usually covered with a layer of paraffin oil
to prevent evaporation. While the cell furnishes only but seven-
tenths of a volt, it develops a relatively high amperage.

Fig. 6a

After a cell such as the first cell we described made with the
copper and zinc plates has been used for a short time, the voltage is
noticed to decrease to such a point that the cell cannot be used further.
On investigation one finds that a fine film of gas composed of innumer-
able bubbles has formed on the copper plate. This is known as the
polarization of the cell. This gas being a non-conductor of electricity
for such low potentials as are generated in a single cell. causes the
voltage to be considerably reduced. But, fortunately, there are means
of overcoming the formation of the gas, namely Depolarizers as for
instance manganese oxide. This compound having a great attraction
for free hydrogen, combines withi the hydrogen surrounding the cop-



per plate to form other compounds which do not interfere with the
formation of electric current. In dry cells, manganese dioxide is
used, while in the Lalande Primary Cell the copper oxide plate serves
the purpose. Other types of cells employ countless different sub-
stances as depolarizers. In some wet cells we find nitric acid used,
this acid also possessing the characteristic of combining with free
hydrogen. In the common wet cell used in bell work we find man-
ganese oxide mixed in with the carbon cylinder, which is here used as
a depolarizer.

Electrical circuits are of many varieties. In instances where the
current passes through a number of separate paths on its way back
to the starting point, the circuit is known as a multiple circuit, and
the individual circuits are said to be connected in multiple, or parallel,
Fig. 7. Each small branch is known as a shunt or branch. If all

CELLS /N RARALLEL OR MULTIPLE.
Fig. 7
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the circuits are connected together in such fashion that the current
must travel through each in perfect succession, then the circuit is
known as a series circuit. Fig. 8.

In connecting cells into batteries, it is important to pay particu-
lar attention to the manner of connecting the cells. If all the cells are
connected so that the zinc of one cell is connected to the copper or
carbon of the next cell, the mode of correction is called series. The
voltage in this instance will be equal to the sum of all the voltages
of the individual cells, but the amperage will be equal to that of one



average cell. On the other hand, if we connect all the cells in parallel,
connecting the zinc elements together, and the carbon or copper ele-
ments together, then the potential will be the same as the voltage of
one average individual cell; but the current will be equal to the sum
of all the individual amperages. Combinations can be made so that
any desired amperage and voltage is obtained as shown in Tig. 9.

Fig. 10

Electricity, like water, may also be stored away for future use.
The device for doing this is known as the storage battery. Briefly
the operation consists of passing electric current to lead or composi-
tion plates suspended in dilute sulphuric acid. This causes a chemi-
cal change in the plates and when the supply of current is subse-
quently removed a reverse chemical action takes place and the cell
gives up the current it has accumulated. See Fig. 10.

Coming back to our problem of water and electricity, we find that
in water, the resistance, pressure, and quantity of flow in a pipe, bear
a mathematical relation to each other. In electricity, an eminent
scientist, George Simon Ohm of Germany, (1827) founded a law
showing the definite relations of resistance, voltage, and amperage,
this law being known as Ohm’s Law, which is the all important factor
in electrical calculations.

Ohm’s Law states:— )
Electromotive Force

Current =
Resistance.

or expressed in an algebraical equation:
E

C=—
R

Let us illustrate the application of this rule in a practical example.
Assume that we have a coil of wire with a resistance of 100 ohms,
this having been determined by measuring instruments. We want to

~
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find the amount of current at 25 volts pressure which will flow through
this winding. Referring again to Ohm’s Law, we have

C=—
R

substituting the voltage (25) for the E, and the ohmage (100) for the
R, we have the equation:

Therefore the winding will permit 14 ampere to pass through it.
Ohm’s Law may be written in other ways, to allow all factors in-
cluded in it to be figured. Hence we have:

First:
C= E for determining the current consumed or passed
- R by an apparatus or conductor.
Second: E — C x R for determining the voltage required to pass
=L X R definite current through a given resistance.
Third :

R__I_z_usec_l in determining the resistance required for
T @ given current and voltage.

From these three formulas most any simple electrical problem
may be figured. The reader will undoubtedly be able to use these
without further instructions. They are of sufficient importance to
warrant their introduction here. The formulas are easy enough to
remember and memorizing them is of considerable value in assisting
the reader to work out many seemingly perplexing problems.

The most important electrical units as we have just learned are
the ampere, volt, and ohm. These units were originally determined
by electrochemical methods, in which the decomposition of water
was taken as the means of figuring the exact unit, but today both
ammeters and voltmeters are used. A coil of very fine wire mounted
50 as to act upon an iron piece connected to a pointer or the coil itself
directly connected to the pointer is used in voltmeters. In am-
meters the wire is much heavier. A permanent magnet acting on
the iron piece or a spring acting on the movable coil tends to hold
the pointer at zero. Current to the coil upsets the relation and causes
the instrument to register. Ammeters (Fig. 11) are usually con-
nected in series with circuits in which the amperage is to be indicated,
and voltmeters (Fig. 12) are connected across the two wires of the
circuit. In measuring resistance, a comparison between a known
value, and an unknown resistance is generally made.

A galvanometer or very sensitive current meter indicates when
both circuits are evenly balanced, and then, reading the amount of
resistance in the known circuit, the ohmage of the unknown circuit
is also found. This instrument is called a Wheatstone Bridge.
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Other terms have been derived from the three units we have dis-
cussed in the preceding paragraphs. Watt is a term which combines
volts and amperes; one watt being equal to a current of one ampere
at a pressure of one volt. If we have a current of 10 amperes and 50
volts potential, we have 500 watts. If we have a pressure of 2 volts,
and a current of 3 amperes, we have a wattage of 6. All statements
of current made in watts are more definite than merely in either volts
or amperes, since individually these units are not complete without
the other. If we have a current of one watt for one hour, it is known

as a watt-hour. If we have 2 current of 1,000 watts, it is called a
kilowatt, this unit being the standard for the calculation of heavy
currents. Transformers, as well as dynamos, motors and other ap-
pliances, are usually rated in kilowatts. Electric current is sold by
the kilowatt-hour, which is the equivalent of 1,000 watts for one con-
tinuous hour. It requires 746 watts to equal one mechanical horse-
power when comparing mechanical and electrical energy. It will
thus be noted that a one kilowatt motor should develop about 1 1/3
H. P. One mechanical horse-power is the force required to raise
33,000 lbs, to a height of one foot in one minute.



PART II
THE PRINCIPLES OF MAGNETISM

HE name “Magnet” originated from the name of a town, Mag-

! nesia, in Asia Minor, where the loadstones, which could attract

small particles of iron, were first found. The first discovery is

recorded as having been made by the philosopher Plato, who was
born 480 years before the dawn of the Christian Iira.

Magnetism i3 found in nature in the form of ore, commonly
kncwn as loadstone, or magnetite by the mineralogists. This ore is
found in many parts of the world, including the United States where
thcre is a fair supply. The compass, Fig. 1, a magnetic device. is an
invention which rendered navigation over seas possible, and is attrib-
uted to the Chinese, who it is said, used the device long before it
became known in Eurcpe.

Dr. Gilbert, who will be recalled by the reader as the first active
worker in static electricity. published in Fngland his famous work
“De Magnete” in the year 1600, which comprised a complete account
of the remarkable characteristics of magnetism.

Fig. 1 Fig. la

If a bar of steel is rubbed with a loadstone, the rubbing commenc-
ing at one end and continuing to the other end of the steel bar, the
steel becomes magnetized, viz., it possesses magnetism. Another
method of magnetizing a steel bar is to be given later in this lesson.
1f the steel bar be now suspended on a thread. Fig. 1a, it will point
north and south, otherwise act as a compass. The end pointing north
is the south pole of the compass, while the end pointing south is the
north pole. If a needle or other steel object be brought near the bar
magnet, it will be attracted at either end, but in the center of the bar
comparatively no magnetism will be found. This illustrates that the
magnetism at the center is neutral, increasing in strength toward the
ends and in opposite polarity of magnetism at these ends.

Now, if the bar magnet be laid under a piece of white paper and
coarse iron filings be scattered over the paper, the filings will arrange
themselves in wave-like formation, the lines extending from the
magnetic poles, and in faint lines circling to the opposite poles, Fig. 2.
These lines represcnt the magnetic lines of force, which extend from
one pole to the other in all magnets, the strength being less as the
distance from the poles increases. These lines of force in passing
from one pole to the other are known as the magnetic circuit. Fig. 3.
A closed magnetic circuit is one where the magnetism is limited to a
continuous iron mass. the magnetism having no gaps to cross in
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order to complete its magnetic circuit from one pole to the other. A
closed magnetic circuit is usually employed in watchcase telephone
receivers or in closed core transformers and possesses many ad-
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vantages over the open magnetic type. The open magnetic circuit is
one in which there are air gaps for the lines of force to bridge in their
travel from one pole to the other. This form of magnetic circuit is
largely employed in spark coils, etc.

We have learned that a magnet always possesses two poles, the
north and the south, represented by N and S respectively.

If we consider the earth as the fundamental magnet, then in
comparison with it, we ought to call that pole of any magnet which
tends to point north, a south pole, and vice versa. The so-called north
pole or end of a compass needle, is thus really a south pole, and its
south pole or end, is a north pole. The reason for this inaccuracy is
probably due to the mariner's compass being the first general practi-
cal application of magnetism. That end of the needle which points
always to the north would naturally be called its north end. Accord-
ing to the modern theory of magnetism this is an inaccurate name
for it. A more correct designation would be the north-seeking end
or pole.
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If we take a magnet and suspend it on a thread, it will point
north and south, so that we can mark the ends with the polarity
they possess. The end pointing north being marked with an *S” and
the ending pointing south with an “N.” If we treat another bar
- magnet in the same manner, we can then bring the last mentioned
magnet near to the suspended magnet so that both *'S” poles are near
together. The suspended magnet will immediately begin to turn
away from the other magnet, showing that there is a repulsion be-
tween the two “S” ends. Now, if the “N” poles are treated in the
same way the same results will be obtained. This teaches us that
like magnetic poles repel each other, identically as with similar
charges of static electricity. Then if the “S” pole of one magnet is
brought near to the “N” pole of the other magnet, there will be an
attraction; the suspended magnet turning and following the one held
by the hand. Unlike poles attract each other. It will be noticed that
if it were possible to reverse the polarity of the magnets at a critical
moment, so that opposite poles would attract each other while the
like poles would repel each other, the suspended magnet would
assume a rapid rotary motion, depending on the frequency in the
reversal of polarity. This is the principle of the electric motor, the
magnetism being changed at the critical moment. The magnetism
in this instance is produced by electrical current passing through wire
coils, the direction of the current being changed rapidly either me-
chanically or rapidly changing current being applied to the wire coils
directly.

Magnetic bodies are those which can acquire and retain mag-
netism.

Paramagnetic bodies are those which are attracted by magnetism.

Diamagnetic bodies are those which are repelled or on which
magnetism has no effect. The following table illustrates common
metals and substances in their relative magnetic order.

Paramagnetic. Diamagnetic.
2 Bismuth Copper

]Srtg::l '(Ij‘?tzg;?lm Phosphorus Gold
Nickel Palladium Antimony Water
Cobalt Platinum Zinc Alcohol
Manganese Oxygen Mercury Tellurium
Chromium Ozone Lead Selenium

Silver Sulphur

Thallium

The best method of forming a bar magnet cheaply is to mag-
netize each end individually. One end is first rubbed from the center
to the end by a permanent bar magnet or loadstone and then the
opposite end is rubbed with the opposite pole from the center to its
respective end, as shown in the sketch, Fig. 4.

A horse-shoe type of magnet as generally sold by electrical
houses, see Fig. 5, is nothing more than a bar magnet with its two
ends brought close to each other by a bending process. When this
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magnet is not in use, a small piece of steel is placed across both poles.
This piece is known as the “‘keeper.” Its purpose is to form a closed
magnetic circuit and thus help to retain the magnetism.

If a magnet be placed in acid so that the outside surface be at-
tacked and dissolved, it will be found that the magnetism is greatly
lessened, if not entirely destroyed. This proves that the magnetism
is largely confined to the surface. For this reason, it has been found
advisable to use a greater number of smaller magnets, in order tc
obtain a large magnetic surface, instead of making one magnet for
the same area out of a single piece of iron or steel. In practice this
method is employed, a number of permanent magnets with all the
“N” poles together and all the “S” poles together, are attached to

Fig. 4 Fig. ‘S

one common iron pole for each polarity with screws or otherwise
fixed. The magnets so made are known as laminated, built-up, or
compound magnets.

Heat has a temporary effect of removing magnetism from bodies,
but only while the body is heated, the magnetism again being present
when the metal cools, but not to the same extent. Jarring a magnet
will permanently weaken it, the degree of loss being in proportion
to the conditions. Inasmuch as many conditions effect permanent
magnets, in the electrical industry where magnets are manufactured
for accurate purposes; as in measuring instruments, the process is
thorough, and the magnets are subjected to boiling, jarring, and other
tests so that the surplus magnetism may be removed and absolute
permanency assured.

A magnetic circuit is similar to an electric circuit, in that the
lines of force start at one pole and travel to the other pole. Mag-
netism may be produced inductively, by bringing a permanent magnet
in the vicinity of a piece of iron or steel, when this object will be
found to possess magnetism, but it loses this power as soon as the
permanent magnet is removed to a greater distance where the mag-
netic lines of force become too weak to induce magnetism. It is also
possible to locate magnetism in a piece of steel rod, so that various
sections in the same rod will have north and south poles. This is
accomplished by magnetizing the independent sections with a power-
ful magnet. It is also possible for steel or iron to carry magnetism
through it, yet only be magnetized as long as in actual contact with
the magnetizing source. The best grades of steel retain magnetism
the longest time, and display great permanency. The softer the
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steel, the less efficient it is for use as a permanent magnet. Iron is
still less efficient, the softer grades are worthless for making per-
manent magnets. For this reason soft iron is used in electro-magnets
where they must be completely demagnetized after the passage of the
electric current.

ELECTRO-MAGNETISM.

Early experimenters suspected that some relation existed between"
magnetism and electricity, but it was not until 1819 that this was
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Fig. 6

proven by Qersted of Copenhagen, Denmark. He demonstrated that
a wire carrying a current would deflect a compass needle. The needle
tends to turn at right angles to the direction of the current in the
conductor, the degree of the angle being in proportion to the strength
of the current. The arrows in illustration, Fig. 6, represent the direc-
tion of flow of the current and the N and S poles of a compass needle.

Around a wire carrying an electrical current, a magnetic field of
force is also formed. This field extends in concentric lines further
and further away from the conductor. Only current electricity pro-
duces marked magnetic effects in conductors, static electricity de-
veloping but a slight effect.

In the next cut, Fig. 7, are represented the lines of force in dotted
lines produced by two currents flowing in opposite directions in two
wires.

MAGNETIC FLUX OF CURRENTS
Fig. 7

If we take a-heavy piece of wire and bend it so as to pass over
and under a pivoted compass needle as shown in the cut, Fig. 8, it
will be found that by connecting both binding posts to a source of
current, the flow of this current may be detected by the reflection of
the compass needle as well as its relative strength. This instrument
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is a simple type of galvanometer, and in its more complicated and
perfected forms is used for detecting feeble electric currents.

If a wire carrying an electric current is wound into a spiral form,
it will exert a powerful magnetic field in the direction of its axis, the

Fig. 8

polarity being controlled by the flow of current as illustrated by the
accompanying cut, Fig. 9. This wire coil is called a solenoid.

If a number of turns of wire be wound on a wooden spool and
current passed through the winding, a small iron rod will be pulled
into the spool. If a spring balance is connected to the rod, the
strength of the pull may be gauged. A form of commercial meter
formerly used and known as the “plunger” voltmeter employed this
principle, the spring being in this case fitted with a pointer which
indicated on a scale marked in volts, and if desired the scale could
be graduated in amperes instead. If iron is used, it will be pulled
into the spool, no matter in what direction the current is flowing, in-
asmuch as soft iron does not possess permanent magnetism and is
therefore attracted by magnetism of either polarity.

+ Fig. 9 -

To construct an electromagnet, a piece of soft iron is first cov-
ered with a thin sheet of paper, in order that the current flowing
through the wire will not form a by-path through the iron accidentally,
which by-path would be called a ground. Over the paper, the layers
of wire are wound, there being two end pieces (coil or spool heads)
in order to secure the winding in place, these being either of fiber or
hard rubber. The iron rod around which the windings is placed is
known as the core. The accompanying diagram, Fig. 10, represents
the polarity imparted in the core with the direction of current given.
In order to obtain the maximum efficiency in such electromagnets,
two are usually mounted on one steel or iron bar, the N and S poles
being connected together. This greatly increases the magnetic force
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for a given current strength, the gain being derived through the re-
duction of the magnetic leakage. The electromagnet when subjected
to alternating magnetizing currents, produces a heating effect in the
iron core which is known as hysteresis.

Hysteresis is that magnetic inertia or resistance to change in
polarity of the molecules evidenced whenever the magnetizing power
is reversed or changed. The molecules of the iron resist this change
in polarity, and this results in molecular friction, (as it is often called),
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whenever the reversal of magnetism is raised to a certain frequency
or number of times per second, the hysteresis effect or friction is
soon made evident by the heating of the iron mass.

This phenomenon of electromagnetic induction will be treated
upon again in a later chapter, dealing with detectors.

Fig. 12

ELECTRODYNAMICS.

Electrodynamics is that branch of electrical study which deals
with the action of one current carrying conductor upon another one.

One of the laws relative to electrodynamics is:

Two parallel conductors attract each other when the currents
therein flow in the same direction, and repel each other when the
currents flow in opposite directions.
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This rule is applicable whether the wires are of the same or
different circuits, and whether the wires are straight or curved.

Another rule applying to the action of conductors states:

Conductors crossing each other obliquely tend to take up a posi-
tion in which they are parallel and the currents in them are flowing
in opposite directions. This is illustrated in the accompanying Fig. 11.

There is no tendency for the wires to be attracted or repulsed
lengthwise, the action being entirely sideways. For illustrating the
attraction and repulsion of electrical conductors, an apparatus known
as “Ampere’s Stand” is employed. In the cut, Fig. 12, the principle
is briefly shown, the instrument consisting of two heavy loops of
wire. one being pivoted so as to freely revolve, while the other is fixed.
Currents from different circuits may be used on both coils.

ELECTROMAGNETIC INDUCTION.

Electromagnetic induction is the production of electric current
in a wire, through the action of a magnetic field.

In 1831, Faraday of England, demonstrated that the motion of
a magnet near a closed circuit produced an electric current in that
circuit. Moving the circuit and keeping the magnet still produces
the same result, the essential element being to cut the magnetic lines
of force by the moving of the wire or magnet. An apparatus pro-
ducing this effect consists of a spool of wire connected to a gal-
vanometer. When a permanent bar magnet is plunged into the center
of the spool, there is a deflection of the needle, proving that a current
has been produced. But, as soon as the bar comes to rest against the
bottom of the spool there is no further deflection of the galvanometer
needle, and it returns to its normal position. However, as soon as
the bar is pulled out of the spool, the galvanometer needle swings in
the opposite direction demonstrating that a current has been pro-
duced, which flows in the opposite direction to that produced when
the bar was being plunged into the spool. It is therefore noted that
the current induced in the circuit is governed by the movement of
the magnet. While either the spool or magnet remains stationary
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there is no current produced, but upon altering the position of either
factor, a current is generated.

If in place of a bar magnet we substitute a small coil of wire
which can fit into the larger spool, and the two terminal ends of the
wire are connected to a suitable source of current supply, a battery,
for instance, we find that upon plunging this spool into the larger
spool, a current is again produced. As soon as this spool is removed,
a current in the opposite direction is induced, exactly as in the in-
stance of the bar magnet, Fig. 13.

)
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Fig. 14

Tn the two preceding methods, the position of the two elements
has been altered in order to create the induced current. Now, if we
place the smaller coil within the larger one and break the electric
current in the exciting spool, a current will be detected in the other
circuit. When the current is turned on in the exciting circuit, the

O
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galvanometer again detects a current, but in the opposite direction.
Thus by making and breaking the circuit of the smaller coil, it is
possible to induce a periodic current in the other circuit. The smaller
coil may be termed the primary, inasmuch as it contains the current
which produces the magnetic flux, and the other coil which receives
the induced current may be termed the secondary. It is by applying
this principle that the induction coils and transfcrmers for wireless
telegraphy and telephony as well as all other typcs of transformers
render it possible to raise a low potential.to a high potential, in virtue
of the ratio existing between the number of turns in the two coils.
Nevertheless, even though the voltage may be raised the amperage
or current is decreased in like proportion or ii the voltage is lowered
the amperage is raised. In all cases watts on primary = watts in
secondary minus transformer losses.

The lines of force of a magnetic field are termed “magnetic flux,”
and measured by the number of lines per unit area of the field. When-
ever the amount of flux that passes within a closed clectrical circuit
is changed for any cause, there is set up an induced current in this
circuit. The circuit must always cut the lines of force at right angles,
in order to obtain the maximum effect. There is no current induced
if the circuit moves in parallel direction to that of the lincs of force.

The principle of electro-magnetic induction as applied to tele-
phones and telephone receivers is shown in Fig. 14. The permanent
bar magnets have two coils of wire placed at their ends and any
change in the current strength traversing them, results in a change
of the magnetic flux. increasing or decreasing the effect on the iron
diaphram. The current in this case is set up and varied by the sound
waves impinging upon one diaphram, thereby causing a change in
the lines of force, and resulting in the production of the current.

The direction of the induced current will be opposite to that in
the exciting circuit when the current is turned on.

If a disc of copper or other metal rotated in a magnetic field,
currents will be induced in the metal mass, these currents being
known as Eddy currents. If the rotation of the disc is continued for
a certain length of time, the disc will become heated through the
action of these Eddy currents. These currents flow in round circles,
and oppose the rotation of the mass through the magnetic field. If
the disc be rapidly spun and the driving power removed, it will come
to an abrupt stop owing to the drag existing between the Eddy cur-
rents and the magnetic field. For this reason, mectal discs or masses
are employed extensively in electrical instruments where it is desired
to secure a damping effect, as well as in electric brakes which have
been used for street cars with some success. In motors and dynamos,
the rotating portion known as the armature is laminated, the entire
mass consisting of a great number of thin iron punchings which have
been individually coated with insulating paint. Thus each punching
is insulated from its neighbor, and the Eddy currents thus reduced
to a minimum. '

When a wire is moved through a magnetic field. a mechanical
drag is encountered, due to the opposition of the current generated




in the wire. I the ends of the wire be connected, the mechanical
resistance becomes more pronounced. In all instances of electro-
magnetic induction, the induced currents have such a direction that
their reaction tends to stop the motion producing them.

From the foregoing it has been learned that circuits have induc-
tive effects upon each other, but these circuits also have inductive
effects upon themselves, this being termed self-induction or in-
ductance. ’

The unit of inductance is the Henry, and inductance is repre-
sented by the symbol-letter L. The effect of inductance is not as
noticeable in short lengths of wire as in long lengths, and the action
is considerably augmented by winding the wire in coils. If an iron
rod is introduced in the center of the coil, the effects will be greatly
increased. By constructing a small coil with an iron core and con-
necting it to a powerful battery, it will be noticed that upon opening
the circuit a heavy spark is caused at the break. If the terminals ot
the battery alone be connected for an instant and disconnected, the
spark will be ecntirely different and much smaller than the spark
caused when the circuit with the coil is broken. This illustrates that
there is an extra current produced by the action of the coil upon the
circuit. If the hands be placed across the two wires which are dis-
connected to open the current, a shock will be experienced. If the
hands are placed across the battery, no shock will be felt. This proves
that the current produced by self-induction is of a higher voltage than
that of the battery supplying the current to the coil. This principle
of self-induction is used in gas-lighting coils, where many turns of
wire are wound upon an iron core. These coils give a heavy spark
upon the opening of the circuit. Primary coils for ignition of gas
and gasoline engines are made in the same manner.

INDUCTION COILS AND TRANSFORMERS.

It has been learned that if a small coil of wire is placed within
a larger coil and interrupted current passed through the smaller coil,
there will be a current induced in the larger coil. If an iron core is
placed within the smaller coil, the action will be more pronounced.
Based upon these facts, an apparatus known as the Induction coil,
also called Spark coil, for the conversion of low voltage currents to
high voltage currents has been produced. The induction coil, Fig. 15,
consists essentially of a core, usually made of straight lengths of
soft iron wire, in order that the magnetism be only present when
the current is passing through the surrounding winding. Over this
iron core, insulating tape is carefully wound, in order to insulate the
currents from the core, and on the tape a number of layers of heavy
wire are placed. This is termed the primary winding, the core and
the winding mentioned, together form the primary. Over the primary
is placed a hard rubber or fibre tube as a precaution against the
sparking of the secondary into the primary. Surrounding this tube
are the many turns of fine copper wire known as the secondary wind-
ing. In order to facilitate the construction and future repairing of
these secondaries, the windings are made in the form of small spools
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or sections, simultaneously increasing the insulating value. These
sections are known as “pies.” The entire secondary winding when
completed is subjected to a thorough soaking in an insulating com-
pound which has been heated to a liquid state. As it cools, it forms
a solid mass of the winding which is thus thoroughly insulated. The
end wires lead to a pair of binding posts usually located at the top

Fig. 15

of the coil, and to these binding posts may be connected a pair of
spark balls with the rods and insulated handles. On one end of the
induction coil is a spring carrying a heavy iron disc at its uppermost
portion. The spring is fitted with a platinum point which strikes
against a similar point located at the end of a brass adjustment screw.
This is known as the vibrator or interrupter, the screw being known
as the adjustable contact screw. The interrupter serves the purpose
of automatically making and breaking the primary current with which

Diagram of Induction Coil.

it is connected in series. The magnetism of the core attracts the iron
disc which is drawn to it. In so doing it moves the spring, separating
the contact points and thus opening the circuit. The current being
disconnected, leaves the core without magnetism which allows the
disc to return to its former position and again make contact with the
adjustment screw, and thus the action is repeated over and over again.
A large condenser made of paraffined paper and tin foil is bridged
across the interrupter contacts to reduce the sparking caused by the
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self-induction of the printary, this condenser being known as the
primary condenser.

A transformer is an apparatus consisting of two windings placed
on the same core for the purpose of transferring the current from the
one coil to the other by means of electromagnetic induction. There
are two main divisions of transformers, the open core and the closed
core. The open core is one in which the iron magnetic circuit is
open, the core consisting of but a single straight rod with both ends
pointing in opposite directions. The closed core transformer is one
in which the iron magnetic circuit is continuous, the core being con-
tinuously joined, Fig. 16, left and center illustrations. The most
common form of closed core transformer is that in which the core
consists of four square cores joined together to form a perfect rec-
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CLOSEDL AND OPEN CORE TRANSFORMERS.
Fig. 10

tangle. Closed core transformers are preferred to open core types for
the reason that the percentage of loss is much less than in the open
core type, due to the more efficient magnetic circuit which has the
minimum loss of flux. In the open core, there is a certain loss of
magnetic flux at both ends. Transformers may be operated by al-
ternating current, and are rated in kilowatts. Open core transform-
ers may also be used on direct currents, as in the instance of the
induction coil, but a means of interrupting the current must be pro-
vided. A small electric motor carrying a contact which makes and
breaks the circuit may be employed. For all open core transformers
and induction coils, a type known as the electrolytic interrupter may
be used, which is described in a future lesson. This, however, cannot
be used on closed core transtormers,

-



PART III

DYNAMOS, MOTORS, GENERATORS AND WIRING.

AVING studied the principles of magnetism the student will
H remember that the attraction and repulsion was caused by the

action of like and unlike magnetic polarities. This principle
has been applied in the electric dynamo, which is in reality an electro-
magnetic engine, since the electricity must be corrverted into mag-
netism before the dynamo can operate.

As we have seen in a previous lesson, it was Faraday, who in
1831 discovered this principle. The electromagnetic engines are the
following:

The Generator. If an electromagnetic engine is used to trans
form mechanical energy into electrical energy, it is called a generator
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The Motor. 1i an electromagnetic engine is used to transform
electrical energy into mechanical energy it is called a motor.

An alternator is a machine converting mechanical energy into
electrical alternating current. Various combinations also occur fre-
quently such as dynamotor, a combination dynamo and motor in one
unit ; motor generator, a combination of a motor and a generator, etc.

In the accompanying illustration, Fig. 1, will be noticed the parts
of a small battery motor, while the complete assembled motor is seen
in Fig. 2. The armature is the rotating member of the motor. and
in this instance contains three iron pole pieces upon which are placed
the windings. These windings are connected to three brass or copper
segments shown to the left of the armature and mounted on the same
shaft which also holds the pulley These segments are known as the
commutator, and its purpose is that of changing the polarity of the
magnetism in the three pole-pieces of the armature at the critical in-
stant, so that like and unlike poles will be approaching each other
at the correct moment so as to impart a rotary motion to the armature.
On this commutator, two copper strips press at opposite sides, and

285
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are known as brushes, being held in suitable clamps which are termed
brush-holders. These brushes convey the current to the rotating
commutator. The field contains a winding and thus produces a
powerful magnetic flux in the space in which the armature revolves.

Larger motors employ the same principles and similar parts,
though naturally these must be of larger construction and improved
in details to perform the heavier work. Instead of three pole-pieces
on the armature, a large number are used, which are very small in
size, the windings being placed between these small poles or teeth.
The field contains perhaps four or more pole-picces with windings on
cach. Alternating current motors differ irom the direct current type
which we have mentioned, and more about their operation will be
stated later.
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Motors of the direct current type are classified in accordance with
the connections of the field winding and its relation to the armature:

A series motor is one in which the field winding is connected in
series with the armature as shown in the illustration. This type of
connection is usually used in small motors, as well as motors for
railroad work. A series motor can be started with full load, and will
easily gain its full speed under such conditions, though the speed
varies considerably with the load, and is never dependable for work
requiring constant speced. Fig. 3.

A shunt motor is one in which the field winding is connected
across the armature, which, in turn, is placed across the power supply
wires. This type is the one in general use. It must be slowly started
but when it has gained its maximum speed, it maintains this speed
fairly constant for varying loads. Fig. 4.

The compound motor is a combination of the two foregoing types,
the disadvantages of each being largely overcome, and the advantages
retained. There is a double winding on the field. The current first




27

passes through the series field, and then to the armature which is
connected in series with this field, and has the shunt field connected
across its terminals as shown in the diagram. Fig. 5.

In starting motors on high voltage circuits a form of rheostat
must be used, Fig. 6. This is termed a “starting box” in the case of a
shunt or compound motor, and consists of a number of contacts
mounted on a slate base with a handle to touch the contact. Re-
sistance wire is mounted on the back of the slate base and connected
with the contacts. As the handle is moved over the contacts, the
motor gains more and more speed. until the arm has reached the last
contact where a stop prevents its further movement. An electro-
magnet immediately attracts an iron bar on the arm, and holds this
at the last contact. This electromagnet is connected across the line
and holds the arm while current is passing through the motor. Should
the current fail or be shut off, the motor will continue to revolve for
a few moments, the current generated in its armature being sufficient
to hold the arm to the electromagnet. However, as the motor slows
down, the electromagnet releascs the arm which is forced by a spring
to return to the first contact and thus cuts off the line from the motor.
Now should the current be again turned on, the motor will be safe as
it has been automatically disconnected. Otherwise if such a device
did not release the arm, the motor would come to a stop when the
source of current supply failed, and when the power was again turned
on, the armature would probably be ruined or badly damaged by the
rush of current, due to the fact the motor would not be producing any
counter E. M. F. This counter E. M. F. is a current produced
by the motor which is induced oppositely to the driving current. In
other words it opposes the current from the supply lines. This fact
prevents motors from running away with themselves when the current
supply is increased. This electromagnet is termed “no-voltage re-
lease” and starting boxes equipped with them are styled “automatic.”
To start a motor equipped with a starting box, the switch controlling
the current is first turned on, and then the arm is moved slowly, wait-
ing till the armature has attained the maximum speed on each con-
tact before the arm is moved to the next contact. When the motor
is to be stopped, the switch is opened and the motor will come to a
stop. Care should be taken to see that the arm has been released
before starting a motor, for the failure of the arm to return may
cause damage to the motor. By covering the pole pieces of the elec-
tromagnet with thin paper its failure to operate can often be pre-
vented.

To increase the speed of a motor, the field is weakened by insert-
ing resistance. A special form of variable resistance consisting of an
iron frame containing many turns of german silver or other resistance
wire and having a handle which makes contact with contact buttons
connected to different points on the wire is used, and is termed a
“rheostat.” By turning the handle, more or less resistance is intro-
duced into the shunt field winding, and the speed thus varied, the
more resistance inserted, the higher the speed.

A dynamo is built upon the same principles as the motor, and
the student will remember that a wire cutting the lines of a powerful
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magnetic field causes an electrumotive force to be generated in that
wire and if the wire forms a part of a closed circuit a current will
flow through it. This is the action of the dynamo. The dynamo also
has the armature and commutator, the windings in the armature cut-
ting the magnetic lines of force and generating current. This current
is actually alternating current, but is rectified to direct current through
the action of the commutator. Most dynamos may be used as motors,
and likewise some motors may be used as dynamos, so that the stu-
dent may readily see that the details are practically the same. An
alternating current dynamo embodies the same principles, but has two
brass rings on the end of the armature shaft in place of the com-
mutator. Two brushes press on same. These brass rings are termed
collector or slip rings.
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The voltage of a direct current dynamo at a given speed may
be varied by changing the current in the field winding. This is ac-
complished by means of a rheostat usually mounted on the switch-
board. The speed may also be raised with a corresponding increase
in the voltage. Dynamos, as in the instance of motors, are made in
three types, series, shunt, and compound. A fourth type sometimes
employed, is separately excited, which consists in having the current
for the field supplied by some external power supplying device, snuch
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as a battery, or generator. A small direct current generator is often
mounted on the same shaft as the armature of an alternating cur-
rent dynamo. and serves the purpose of furnishing the field winding
with direct current. Of the various types, the shunt is the most
common for charging storage batteries, etc., or where the load is con-
stant, while the compound type is used where the voltage must be
kept constant with a varying load. In alternating current installa-
tions, the generators must be separately excited with direct current
inasmuch as the alternating current is not suitable for this purpose.

Fig. 7 Iig. 8

In changing alternating current to direct current, or direct cur-
rent to alternating current, a motor directly coupled to a generator
on a common base is used and is known as a motor-generator set.
The motor is operated on the current which is to be converted. In
wireless telegraphy where a transformer is used and only direct cur-
rent is available, the direct current operates the motor of a motor-
generator set, while the generator supplies the alternating current.

A simpler form of this combination is the rotary converter, which
consists of a single machine having slip rings at one end of its arma-
ture, and the usual commutator at the other end.

POWER TRANSMISSION AND WIRING.

From the generator in the power station, the leads are brought to
a switchboard, which contains the voltmeters, and ammeters, as well
as all the rheostats and other controlling devices. The switchboard
is the “brain” of the entire power station, for it is the controlling
center for all the machinery and distribution of current. From the
switchboard the wires pass out through tubes in the walls of the
station and thence to the consumers of the current.

In the country, overhead construction is employed, as it is com-
paratively inexpensive when the underground distributing systems
employed in large cities is considered. The overhead system, how-
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ever, possesses a number of disadvantages, the damage from storms,
and the objectionable appearance being among the most important.
From the porcelain or composition tubes through the walls of
the power station, Fig. 7, the wires pass to the insulators on the cross
arms of the poles. If the current is direct current and of a suitahble
voltage for power and lighting purposes, the leads to the various
buildings are taken off the nearest wires, these leads passing through
porcelain tubes or iron pipes and into the house. The leads are then
connected to a fuse block, which usually consists of a porcelain base
with suitable screw parts mounted on same, Fig. 8. Into these screw
parts are placed porcelain plugs which have a metal screw portion to

Fig. 9

fit the thread of the parts in the porcelain base. Each plug contains
a fine wire which connects the screw portion with a contact button
on the bottom, the wire being protected by a mica window. The
porcelain base is known as a fuse cut-out, and the plugs as fuse-plugs.

The purpose of the fuse wire is to protect the circuit beyond the
fuse block from heavy accidental currents. Fuse wire is composed
of an alloy, of tin, lead and other metals, which melts at a low tem-
perature. Fuses and fuse wire are rated at the current which will
cause the wire to melt. On plug fuses the number of amperes is
stamped on the bottom contact button, or on the rim, while in fuse
wire, the rated ampere capacity is marked on the containing spool.
Another type of fuse usually employed for power purposes is the
cartridge fuse. This consists of a fibre tube, with metal parts for
the connections at both ends and containing fuse wire which connects
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both metal parts within the tube and is surrounded by asbestos powder
which quickly extinguishes the arc formed and protects the fibre tube
from being blown to pieces. In the plug fuses the mica window per-
mits an examination of the fuse wire, so as to determine whether it
has been melted or “blown out,” while in cartridge fuses the label
contains a device to indicate when the fuse has been melted. Fuses
should be used in all instances where apparatus is operated on 10
volts or more, or on storage batteries to protect the apparatus and
wiring against sudden heavy currents which might cause damage.

From the fuse block the leads are usually brought to the record-
ing watt-hour meter. which records the amount of power used by the
comsumer. In certain localities, where electric power is cheap (water
supply being used to drive turbine generators). the current is charged
to customers by the month, based on a fixed number of lamps. An
accurate switch automatically shuts off the current or flashes the
lights when even one lamp more is used in excess of the contracted
number. This controls the current, and protects the company from
‘ fraud. However, to return to the watt-hour meter more generally
used, we find that it operates on the same principles as the motor,
the inside construction, Fig. 9, consists of a small armature turning
on jewelled bearings fitted with a small silver commutator and
brushes. A field winding exerts a magnetic field in which the arma-
ture rotates the field flux being in proportion to the current used;
the field coils being connected in series with the circuit. The arma-
ture, being supplied with current in shunt with the power circuit,
rotates in proportion to the voltage used, and is connected through
a series of gears to pointers which indicate on dials the number of
watt-hours of energy consumed. On the bottom of the armature
shaft a copper or aluminum disc is fixed which rotates with the arma-
ture and passes between the poles of three powerful permanent mag-
nets. The Eddy currents in the disc retard the rotation of the arma-
ture, so that by moving the magnets nearer to the edge of the disc
more drag and more retardation can be secured. Thus the speed can
be accurately regulated so as to coincide with the readings of a stand-
ard watt-hour meter.

There are five dials on the common watt-hour meter, these dials
being respectively marked from left to right, 10,000,000, 1,000,000,
100,000, 10,000, and 1,000. These figures represent the number of
watt-hours represented by one complete revolution of the individual
pointer on each dial. Each dial is marked from 1 to 0 which repre-
sent tenth parts of a complete revolution. One complete revolution
of the dial on the extreme right marked 1,000, will cause the neighbor-
ing dial to the left to indicate 1 on its dial, and so on. The reading
is therefore taken by noting the readings from the first dial at the left
to the last dial at the right. In order to determine the current con-
sumed during a definite period of time, it is necessary to know the
reading of the meter at the beginning of the period, and this figure
is subtracted from the last reading at the expiration of the period,
thus giving the number of watt-hours for the period between both
readings.
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From the meter the current is conveyed by wires tc various fix-
tures and appliances. In dry locations this wiring is often placed
in wooden moulding which has suitable grooves to hold the wire.
After the wiring is in the grooves, a covering commonly named
“capping” is nailed over the moulding. In places where there is con-
siderable moisture such as in cellars or porches of houses, cleat wiring
is employed, which consists of running the wires hetween porcelain
blocks spaced four feet from each other. Two screws pass through
the two cleats and the wire is secured between the jaws of both blocks.
Knob wiring is also employed. which consists of using porcelain
knobs in place of cleats, the hoth wires being individually supported
on a separate row of knobs. In houses where the wiring is concealed
iron piping is passed between the floors and walls, this piping being
known as conduit. At regular intervals where fixtures are to he
placed, an iron box is inserted between the lengths of the piping,
these boxes heing named outlet boxes. The wires pass through the
outlet box and again into the next length of piping, so that the wires
must be scraped and the connections for the fixtures soldered to each
wire which is carcfully covered with tape afterwards. For short

Fig. 10

stretches or where it is desired to run a line for heavy current, steel
armored but flexible tubing containing the wires firmly imbedded, is
employed, this being known to the electrical trade as “BX.” It is
especially recommended for carrying the current from the cellar where
the meter and fuse cutout are located, to the upper floors where a
wireless station is to be operated. The BX is fastened to the walls
by means of iron strips which firmly clamp it. These are usually
known as “straps.”
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In the cities, the electric feeders are placed underground in con-
duits. At convenient intervals small rooms are placed under the
street and can be reached through a hole in the street which is
normally covered with an iron lid, the entire structure is termed a
“man hole,” Fig. 10. On the walls of these rooms are the many
cables, supported on iron racks, which pass from one section of the
conduit to the next section, and thereby allowing a workman to ex-

amine and test the different cables as well as to allow new cables to be
passed through the conduit or old cables removed. From the conduits
the leads are brought into the houses through the cellars where con-
nections are made to the cutout and the meter. From the meter the
same wiring as previously described is used.

In alternating current transmission, the voltage is often far above
that which may be used for lighting and power purposes, the reason
being that the lower the amperage and the higher the voltage, the
less copper is needed in the conductors and thus a large saving in
the construction of the line is accomplished. This is analogous to
an instance where water represents electricity and a pipe represents
the wire, and a certain quantity of water measured by gallons must
be passed through the pipe to be delivered at the other end. Now,
if we employ a powerful pressure to force the water through, a small
pipe may be used, but if we employ a large quantity of water with
little pressure behind it, a large pipe must be employed to obtain a
suitable amount of water at the other end. The pressure illustrates
the voltage which is applied to force a greater current through a
smaller wire. Therefore, in alternating current the voltage is usually
as high as possible in order to gain the advantage of using smaller
copper conductors. In overhead construction the student has probably
noticed iron boxes on the poles at intervals and did not know the
purpose of these boxes. These boxes are transformers, Fig. 11, and
contain two windings, the primary being connected to the power
supply while the secondary is connected to the consumer’s wiring.
The transformer is of the closed core type, and has very high effi-
ciency, usually ranging between 92 and 98 per cent. It is termed a
step-down transformer, since the voltage i1s stepped down in this
instance. The current of the line is thus lowered to a suitable voltage
which the consumer can employ. so that the advantage gained in
employing high voltage does not cause any inconvenience to the con-
sumer. The transformer can also be used to step up the current.
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For instance, if for reasons of safety a low voltage can only be sent
through the wire, the tension can be increased or stepped up by the
use of a transformer to any voltage desired at the place where it is
to be used.

If the transformer is to be used to step up a current, the sec-
ondary winding has more turns of wire than the primary, and vice
versa, if the current has to be stepped down, the primary has more
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turns of wire than the secondary. Figs. 12 and 13 are hook-ups of
transformers connected in series and in parallel. M represents the
generators, T,, T, and T, the transformers, and L,, L, and L, the
lines leading therefrom.

Alternating current is gaining in favor over direct current for
power transmission, and it is probably a matter of only a few years
before it will be extensively used and will supersede direct current
in all transmissions of any reasonable distance.

Alternating current motors are of so many types that they would
occupy more space to describe than this course permits, but it is im-
portant to know that the most common type in small sizes is the
induction motor. This type consists of a number of iron poles with
field windings, mounted on the motor frame, the windings being con-
nected to the power supply. The moving member is not named an
“armature” but is known as the rotor. The stationary winding is
called the stator. It consists of many punched discs which are in-
sulated with varnish and mounted together on a steel shaft. In
suitable grooves in these discs are heavy copper wires which are
connected together, though they have no connection with the current
supply. The action of the motor is therefore based on induction
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effects in these windings and in the iron discs, causing the rotary
movement. There are other types besides the induction, notably the
slip ring type which is also extensively used.

Alternating current differs from direct current as already stated,
by the fact that it changes its polarity at regular intervals. At one
instant a wire carrying an alternating current will be the positive
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pole while at the next instant it will be the negative pole. The cur-
rent beings at O voltage and rises to the maximum positive voltage
and then descends to O, but immediately begins to arise to the maxi-
mum negative voltage and then descends to O, which may be noticed
in the diagram. Fig. 14, where the straight center line represents time
elapsed, and also O potential. One complete period in which the
maximum potentials in both polarities have been reached is termed
a cycle. Alternating current is always specified in cycles, as this con-
stitutes an important item which is needed in the furnishing of proper
apparatus and machinery to operate on this current. Standard power
circuits employ either 25 or 60 cycles and lighting circuits 60, 125
and, in some instances, 133 cycles, per second. An alternation is half
a cycle, and represents the rise and fall of one potential cycle. The
frequency is the number of cycles per second, and usually is employed
in connection with the number of cycles, thus, if a motor is said to
operate on a frequency of 60 cycles, it means that the motor will
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operate on an alternating current having 60 cycles per second. If
frequency is not mentioned in connection with cycles, the meaning
is lost. In the diagram the relation of the terms may be clearly seen,
the alternation being from A to B or from B to C, and the cycle from
Ato C.

In some power transmissions, a number of cycles may be em-
ployed at the same time, and thus when one cycle is rising towards
its maximum positive voltage, the next cycle is just beginning, while
a third cycle may just have passed through half of its period. Each
one of these separate cycles are termed phases, a single phase line
being one in which only one definite cycle exists, while in a two phase
line there are two cycles at the same instant, and in a three phase
line there are three cycles at the same instant. The study of these
complicated forms of current transmission may be thoroughly cov-
ered by referring to text books which cover the electrical engineering
field. These cycles do not start simultaneously at the same fraction
of a second but follow each other.



In direct current transmission, a mecthod of great convenience
and representing a 6214 % saving in copper is largely used, and known
as the Edison three wire system, Fig. 15. Two 110 volt generators
are connccted in series across two wires so that the voltage on these
leads will be 220 volts. From the connection between the two gen-
erators, another lead is taken so that by connecting to this lead and
one of the other leads a voltage of 110 volts is obtained since the
current of only one generator is being used. Thus the consumer may
use either 110 or 220 volts in accordance with his requirements. By
using 220 volts a considerable saving is effected in the two outside
leads and the common return is used for both circuits delivering 110
volts, saving the cost of a fourth independent wire. The center wire
is termed the neutral wire, and usually is grounded so as to give
greater protection to consumers. Great care must therefore be taken
against accidental contact of either outside wire with the ground
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connection or with objects which are connected to the ground, such
as gas, water, or steam pipes, for there will be a rush of current and
a blowing of the fuses. For this reason it will be noticed that all
lighting fixtures are connected to the gas pipe, or the fixture hanger,
through a small insulating joint which thoroughly insulates the fix-
ture from accidental contact with the ground should one of the wires
touch the metal. All motors under 4 H. P. may be used on 110 volts,
but those of a higher power must be used on 220 volts. For this
reason the student must bear in mind that it is important to examine
a motor closely when it is larger than 14 H. P. and is to be used on
a three wire transmission system, since a 110 volt motor would be
useless in this instance, in obeyance with the Underwriter’s rules.

After these few chapters, in which the subject of electricity has
been but roughly covered, the explanations being only to identify
certain facts and points as are necessary to understand the compli-
cated apparatus and operations of wireless telegraphy and radio, the
next part begins with the principles of wireless telegraphy with the
succeeding parts leading through a complete and thorough study of
the subject to which these hooks are devoted.




PART IV

THE PRINCIPLES OF WIRELESS TELEGRAPHY.

HE explanation of the principles of wireless telegraphy to the

T layman would be a difficult problem if a comparison with the

waves of a body of water were not possible. Fortunately, how-

ever, we can make an interesting analogy between water and wireless
waves as in the previous study of elementary electricity.

We will take for instance, a body of water 30 feet in length. At

the two opposite banks, small platforms have been built as illustrated

in Fig. 1. On one of these platforms, a large paddle has been ar-

g

ranged so that a person may operate its handle. Now, if the paddle
is moved back and forth, a series of waves extending in all directions
from this sourcc of creation, will be formed. The waves spread further
and further away from the paddle in concentrical rings until their
strength is completely expended. In this instance, the pond is small
and the waves are sufficiently powerful to reach the opposite bank
whereon the other platform is built.

On the other platform, located on the opposite shore, we have
a smaller paddle, on the handle of which a hammer hitting against
a gong. has been arranged. It is obvious that the waves moving the
paddle will cause the gong to ring, informing the operator on that
platform that the operator on the other platform is moving the paddle
and creating waves on the surface of the water. By skillful manipula-
tions of the larger paddle, it is possible to cause the smaller paddle
to ring the bell periodically as desired, and if a series of signals have
been prearranged. the operator with the larger paddle may communi-
cate certain information by properly operating its handle. This repre-
sents both the transmitting and receiving stations of the wireless
telegraph, the larger paddle being the transmitter, and the conduct-
ing medium being the water, while the smaller paddle is the recciver.

In the actual wireless telegraph system, we find the same essen-
tials. The ether is the conducting medium, the Hertzian waves are
the means of communication, and the codes are the prearranged sig-
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nals. The paddles correspond to the “aerials” in the actual wireless
system, since aerials both impart and intercept the waves travelling
through the theoretical ether.

The ether or conducting medium in wireless telegraphy, is little
understood at the present time. It is a substance which fills all
spaces not already occupied by other substances. It exists every-
where; between planets, suns, in nature, and even in the pores of
metals, wood, and other substances.

Although Senatore Marconi is credited with being the inventor
of wireless telegraphy, there were many investigators who preceded
him. Columbus was not the first one to lay claim to the fact that
the earth was round and to all probabilities was not the first one to
journey across the ocean, nevertheless his accomplishment was great
and he deserves due credit. So with Marconi. Aided by the dis-
coveries of Hertz, Calzecchi-Onesti, Branly, and a score or more other
investigators and apparatus improvements, Marconi succeeded in
transmitting a message across the ocean in 1901,

As early as 1871, seventeen years before the famous discovery
of Hertz, Prof. E, J. Houston showed that electrical energy could
be induced through space without the aid of wires. In December,
1875, continuing this work in conjunction with Prof. Elihu Thomson,

Fig. 3

signals were actually transmitted from the sending station to the
receiving installation, a distance of 90 feet with five brick walls inter-
vening. This work was not pursued however, and was not recalled
until twelve years later when Hertz made his announcement.

In 1888, a young German scientist, Heinrich Rudolf Hertz, set
forth in a written statement, a series of interesting experiments in
which remarkable characteristics of electro-magnetic waves were dis-
cussed. These waves have since been named Hertzian waves, in
honor of the researches performed by Hertz. The waves were pro-
duced by connecting to the terminals of a spark coil two brass balls
mounted on rods, these rods having little metal squares at the extremi-
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ties, or if desired, the ends of the rods may be bent, serving the same
purpose. This arrangement is known as the Hertz radiator or
oscillator, and is illustrated in Fig. 2. When the current was supplied
to the spark coil, a discharge passed between the brass balls. When
a loop of heavy wire with a small gap left between the ends of the
spiral was brought in the neighborhood of the oscillator, small sparks
were noticed to jump across the gap of this spiral, proving that the
electro-magnetic waves had been generated and propagated through
the intervening space or ether. This loop is known as the Hertz
resonator or receiver and is shown in Fig. 3. Those electro-magnetic
waves, caused by the discharge of a high tension electric current, are
similar to light rays in certain characteristics, and they may be re-
flected, deflected, gathered, and dispersed by metal screens. Differing
from light rays in other respects, they will penetrate without diffi-
culty stone, wood, earth, and other non-metallic material, which are
impenetrable by light rays.

Thus the principle of wireless telegraphy is based on the fact
that an electrical discharge may be employed for generating electro-
magnetic waves which travel through space in all directions from
the source of production. It is also known that these electro-magnetic
waves can produce effects in conductors placed within the range of
the waves. The problem therefore consisted in perfecting means of
detecting these waves, and to increase the efficiency and distance
possible to create these results with a reasonable amount of electrical
energy in the spark coil.

In 1894, Professor A. Rhigi of Italy, made interesting experi-
ments along the same lines as his predecessor Hertz, but used per-
fected apparatus of his own. His resonator consisted of a glass
sheet upon which copper had been deposited in a strip. This strip
was scratched with a sharp razor blade, so that a minute spark gap
was formed between the two sepatated halves of the copper strip.
By placing the gap under a powerful microscope, the almost invisible
sparks could be seen. This resonator, of course, proved to be far
more practical than the Hertz resonator, and much greater distances
were covered.

The early experimenters perceived the possibility of using these
waves for transmitting energy across space without connecting wires,
and steady progress was made towards perfecting the apparatus. In
1886, S. A. Varley had discovered that the high clectrical resistance of
metal filings might be greatly decreased by the passing of an elec-
trical discharge through them, and on being shaken, the original high
resistance was regained. In 1887, Calzecchi-Onesti also discovered
that the high electrical resistance of filings could be thus effected,
and wrote on his experiments and discoveries.

In 1890, Professor E. Branly of the University of Paris, redis-
covered the interesting action of filings, but places these in a glass
tube with metal plugs fitting in on both sides, thereby making elec-
trical connections with the filings. He discovered that, even dis-
charges at a distance from the filings created the same effect though
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the actual discharge did not pass through the filings. To the tube he
gave the name of “radio-conductor.” -

The following information describes the principle upon which the
Branly coherer opzrates. As the resistance between the filings in
such a coherer is extraordinarily high, amounting to several hundred
ohms, the current from a battery cannot possibly flow through the
filings. But, upon the receipt of a high frequency current wave,
minute sparks jump between the filings and cause the neighboring
filings to be slightly fused together. The electrical contact between
the filings is immediately improved, and the resistance decreases to
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Fig. 4

about 5 to 10 ohms. The same battery as previously mentioned which
was unable to pass a suitable current strength through the coherer,
can now send a very powerful current through the cohered filings and
operate a relay placed into the circuits.

In 1893 and 1894, Sir Oliver Lodge applied the Branly tube in
place of a micrometer spark gap on the IHertz resonator and gave the
name of “coherer” to the filings tube. The terminals of the coherer
were connected to a galvanometer and powerful battery, and the tube
could be shaken or tapped by means of a clockwork mechanism or
an electrical bell. With the reception of the Hertzian waves the
coherer operated and allowed the battery current to deflect the gal-
vanometer. The clockwork or electrical bell was then employed to
decohere the filings and to return them to the original high resistance




41

state. The maximum distance obtained with this apparatus was 55
yards from the transmitter.

In 1895, Professor Popoff employed the nearest approach to the
present day receiving outfit. To each terminal of a coherer, he con-
nected respectively a wire leading to the ground, and a wire supported
on a high pole outside the building, corresponding to the aerials of
the present day systems. Shunted across the coherer was a relay and

Fig. §

battery, while the relay contacts operated an electric bell which tapped
against the coherer tube. The apparatus was used with success to
register the discharges of lightning at great distances.

In 1896, G. Marconi began his early experiments which finally
led to the perfection of the present day commercial systems. At the
transmitting end a spark coil with the Hertz oscillator as shown in
Fig. 2 was employed, while the receiving end contained a coherer and
decoherer similar to that shown in Fig. 4. At each discharge of the
transmitter the coherer causes the bell to ring, which decoheres the
filings the instant the transmitter stops. The adjustment of the
coherer has to be very delicate, since the metal plugs have to be
arranged until the filings are correctly packed. If they are tightly

:7.4 , §7A

B Bl
8] .

# . e
=G

) =G
Fig. 6 Fig. 7

:

0

= ]
2]

packed, the coherer will not operate, and if the filings are too loose,
the action is again spoiled. \While the results obtained with the ordi-
nary bell are satisfactory, much greater distances can be obtained by
using a sensitive relay in place of the bell. Marconi soon adopted a
high resistant and sensitive relay which was connected across the
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coherer in series with the battery. The bell was then substituted with
a delicate electromagnetic hammer which could be accurately adjusted
in order to strike the tube properly, insuring a perfect shaking. The
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coherer was then changed to another type (Fig. 5) where the whole
tube was sealed with the wires coming through both ends, the interior
of the tube having been exhausted of its air. The metal plugs were
bevelled across the entire surfaces, so that by tilting the tube the
filings would be either tighter or looser, depending upon the arc
through which the tube was turned. Fig. 6 illustrates the wiring of
the earlier receiving sets.

Marconi soon discovered that by using elevated wires or surfaces,
and grounded connections on both the receiver and the transmitter,
it was possible to increase the range considerably, and consequently
adopted these connections in his later experiments. By connecting a
Morse tape register across the point marked G in Fig. 7, a permanent
record of the signals could be kept. By means of a plain knife switch
it was possible to throw on either the sending or receiving apparatus
to the aerial in order to transmit or receive, as shown in Fig. 8.

However, all the systems thus far have been simply discussed in
view of the fact that they will receive and send when operated, but
the subject of wave-length has not been mentioned. wElectro-magnetic
waves are similar to those of sound and we will therefore make the
following analogy. If two instrument strings are stretched at opposite
ends of a table, and one of these strings is caused to vibrate, the other
string will remain motionless. However, if the silent string be care-
fully tuned until it is in harmony with the first string, it will begin
to vibrate, this action being due to the sound waves in the air caused
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by the vibrating string. In wireless telegraphy the electro-magnetic
waves emitted by a transmitter also have a definite pitch or “tune”
as it is named. It is also referred to as “wave-length.” This wave-
length is caused by the capacity and inductance in the circuit of
either the transmitter or the receiver. In the instance of the Hertz
oscillator and resonator, the small metal squares or rods at each
of the spark gap are adjusted so as to be in tune with the resonator,
or the little squares or wire ends of the resonator may be adjusted
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90 as to be in tune with the oscillator waves. Thus, in all instances,
two methods for tuning the both stations may be employed either
tuning the transmitter to the receiver, or the receiver to the trans-
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mitter ‘The ‘latter 1s, in commercial practice, generally used, as it is
more practical than the tuning of the transmitter.

The fact that electro-magnetic waves have a definite wave value,
has rendered syntonic or selective wireless telegraphy possible. The
simplest method employed and applied to the early Marconi sets, is
illustrated in Fig. 9, where there are two sets with aerial and ground
connections. At the transmitting station, a coil containing a number
of turns of heavy wire and with an adjustable contact to make con-
nection for any number of turns, is employed in the aerial circuit.
This coil is known as the “helix” and will be described in detail in
a later lesson. By adding more or less turns, the inductance of the
aerial is varied and the wave-length altered. The more inductance
placed in the circuit, the greater the resultant wave-length.

At the receiving end, inductance is likewise added in the aerial
circuit, thus giving the receiving circuit a greater wave-length in
order to be in tune with the transmitter. In this instance, unlike the
coil in the transmitter, many turns of fine wire are used, with a sliding
contact to make connections with any turn desired. This coil is
known as the “tuner” or “tuning coil,” and will be described at length
in a future lesson also.

Wave-length is quoted in meters, which is determined by means
of a calibrated instrument known as the “wave-meter.” In the in-
stance just described, it has been learned that wave-length may be
increased by adding more inductance in the aerial circuit. It has also
been stated that capacity likewise determines wave-length. In some
instances, it so happens that the wave-length of the transmitter is
shorter than that of the receiver, even with no inductance turns in
the receiving aerial. In this instance, the following method is em-
ployed in the receiving circuit. A condenser is placed in the ground
circuit as illustrated in the diagram of Fig. 10, which thereby reduces
the wave-length of the circuit, through the fact that capacity in
series decreases the total capacity of a circuit. With the circuit
illustrated in Fig. 10, it will be possible to tune in long wave-lengths,
and also short wave-lengths, by varying the inductance, or varying
the capacity in the ground circuit. In the transmitting circuit, the
same procedure is employed, the condenser being of the leyden jar
type. Only in rare instances, however, is such a method employed,
since the transmitting energy is greatly reduced through the intro-
duction of the ground capacity in series.

The various circuits outlined thus far are known as the open
circuit type; but not possessing the high degree of selectivity and
efficiency as is possible to obtain with closed circuits, Marconi
abandoned the open types and began the study of closed types for
both receivers and transmitters. These are used to-day for all com-
mercial work. The main objection of the open type of circuit is due
to the fact that it contains but slight capacity, and hence the resultant
waves are highly damped. By damped is meant that the individual
sparks of the transmitter produces but a single train of waves, which
rapidly diminishes in value, while an undamped wave is one in which
the individual sparks produce a train of waves where the fluctuations
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are more persistent and deteriorate very slowly in value. This may be
illustrated by a simple mechanical experiment. If a string of sufficient
length is attached to a heavy weight at its lower end, and allowed to
swing back and forth, it will swing slowly but for a long period.
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The length of the string represents the capacity in the wireless circuit.
Now, if this same string be suddenly shortened, the weight will swing
much faster, but the swings will rapidly subside and the swinging
cease. This illustrates a wireless circuit with slight capacity as
encountered in the open circuits. The former instance with the long
string is known as a slightly damped circuit in the corresponding
electrical action, and the latter is known as a highly damped circuit
in the electrical equivalent. Thus it will be seen that a great advantage
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exists in employing a closed circuit so as to obtain the longer and
slightly damped waves, which create greater effects on distant re-
ceivers. The comparative efficiency of tuned closed circuits over
open circuits, may be noticed by the experiments of Marconi, in which
it was experienced that a tuned transmitter operated a tuned receiver
30 miles away, while the same transmitter did not effect a non-tuned
receiver only 160 feet away.

A great improvement in the transmitting apparatus was secured
through the use of the closed circuit and using condensers, which
heretofore had not been used with the open circuit transmitters. This
permitted the full capacity effect to add to the lengthening of the
waves, so that they would be damped to a minimum. Fig 11
illustrates a tuned transmitter in which it will be noted that a con-
denser has been placed across the induction coil, while the spark gap
has been arranged in series with the inductance which is interposed
between the ground and the aerial. The spark gap may also be
arranged across the induction coil, and the condenser in series with
the inductance; either method of connection being satisfactory. The
action of this circuit, is the charging of the condenser to its utmost
capacity, which then discharges across the gap, and the gap being
connected in series with the inductance coil, causes the energy to
surge through the closed circuit and to be radiated into the aerial
and the ground. It will be noted that the connections of the aerial
may be altered on the inductance, so that the proper relation of
wave-length may be obtained. The closed circuit, which is termed
the “closed oscillating circuit,” is also variable, the maximum results
being obtained when both the aerial and closed oscillating circuits are
in perfect tune, which is accomplished by adding or lessening the
number of turns of either circuit.

SPARK COIL
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Fig. 11

The closed circuit receiving apparatus likewise consists of a con-
denser and an inductance. This method enables the apparatus to
receive the full advantage of the intercepted waves, and operates
by the difference of potential across the inductance coil, the connec-
tions being illustrated in Fig. 12. It will be noted, that as in the trans-
mitter, the two circuits are separately tuned, so that perfect tune or
resonance may exist between the aerial and closed circuit.
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ceding systems, as regarding selectivity and efficiency, has been
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made possible. However, in receiving, the inductive coupled method
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is much superior to the direct coupled; the two spools being suitably
mounted so that one coil may be drawn away from the other coil,
and a greater or less degree of coupling attained. Such an instrument
containing these two coils is known as a “loose-coupler” or “inductive-
tuner.” In audion or vacuum tube receiving and transmitting sets
different types of apparatus are employed with greater degrees of
efficiency. These will be treated with in another book.

In the receiving circuits, the loose-coupler not only performs the
mission of tuning the apparatus, but also converts the intercepted
high frequency waves which flow down the aerial wire, into high
frequency currents of any desired potential, which act upon the
receiving apparatus. In a later book different types of wave detect-
ing devices will be described and which are known as “detectors”
or cymoscopes. Different detectors operate better on different current.

Short wave-lengths are more readily absorbed by obstacles than
longer wave-lengths. For most commercial work, the standard wave-
length of 600 to 1800 meters has been adopted. For long distance
transmission, longer wave-lengths are used, sometimes as high as
25,000 meters. For the average station of limited power, it is impos-
sible to use long wave-lengths, for the transmitter is incapable of
giving fair results with this huge wave-length. At the present time
all amateurs must be licensed in order to operate a sending station
and may use any wave-length up to 200 meters. Amateurs in the
United States have been heard in England on this wave-length.
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BOOK NUMBER TWO
PART I
AMATEUR TRANSMITTING SETS AND APPARATUS

force was building up. This was amateur radio. Since the time

when a few curious men and boys built crude coils wound on
rolling pins and used crystals of carborundum, galena, silicon, etc.,
to receive the mysterious dots and dashes, amateur radio has been
growing steadily and surely until today it is one of the most powerful
and universal organizations in the field. Crudely adapted apparatus
has been gradually displaced with fine, highly specialized equipment
and at present the results obtained by amateurs with their low power
transmitters is better than that obtained by high powered commercial
stations. From the time when a few intense and eager listeners

FOR years past while broadcasting was becoming popular, another
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heard faint and almost imagined signals from a few miles away,
amateur radio has grown so that now, communications between the
eastern coast of the United States and Australia are not unusual.

Before operating a station, the amateur must secure operator’s
and station licenses. The operator’s license is obtained by passing a
test at designated points of the United States. The amateur must
be able to read the International Morse Code at ten words per minute
(five letters to the word) or better, and be able to explain how simple
radio apparatus works. The station license is a record for the govern-
ment of the power and the type of apparatus used in each station and
is obtained by filling a form supplied by the government.

Besides these requirements for transmitting, the amateur must
construct his transmitter without breaking any of the rules of the

1
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National Fire Underwriters’ code. A copy of this code may be ob-
tained from any local fire or insurance house.

Now we will explain the technical side of the amateur transmit-
ting sets.

The reader has learned that the simplest set for producing electro-
magnetic waves, consists of a spark coil with a Hertz oscillator, and
connections made to an aerial and ground wire. This is the type of

Fig. 3
Spark-Coil as used in the earlier Amateur Transmitter sets.

transmitter originally used by Marconi in his early commercial appa-
ratus. In consequence the simplest apparatus at the command of the
amateur wireless student will be based on this principle and is illus-
trated in Fig. 1. Here, the coil is shown with two large binding posts
into which two rods can slide so as to vary the gap between the brass

.
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Fig. 4

balls. A telegraph key has been interposed at K, so that the circuit
may be made and broken to form the dots and dashes for the form-
ing of the code signals.

Since the present Radio Laws require a transmitter to be induc-
tively coupled, the set shown in Fig. 1 could not be used and is shown
only as a matter of record. The simplest form of spark set that could
be used is shown in Fig. 4.




[ i

This type of transmitter, however, is almost obsolete. The low
efficiency and the broad wave obtained with the damped wave trans-
mitters has forced them out of the show in these days of progress
and the use of the tube type of transmitter has become almost uni-
versal.

i

Fig. 5 Fig. 6

The vacuum tube, which may be used as a detector and an ampli-
fier through its relay action as previously explained may also be used,
to generate high frequency currents, and the use of this action has
brought about the remarkable improvement in radio communication
which has taken place in the last few years.

Fig. 7 g.

In Fig. 5 when we close the battery switch S we allow a current
to flow in the filament. This starts a current to flow in the plate
circuit. This current induces a current in the grid coil and charges
the condenser. A positive grid helps the plate, so that the current
in the plate circuit builds up to the greatest possible value and the
tube is said to be saturated. Then the current stops increasing. The
condenser discharges, sending electrons through the grid coil and
making the grid less positive until finally it is at zero potential, that
is, neither positive nor negative. While the condenser is discharging,
the electrons in the grid coil get a habit of flowing from the grid to
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the filament. If it was not for this habit the electron stream in this
coil would stop as soon as the grid had reduced to zero voltage. Be-
cause of this peculiar habit, however, the grid becomes negative and
opposes the plate current. The plate current then starts to reduce

°
=  =oc
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Fig. 9

and finally reduces to zero. The condenser then discharges and
makes the grid less negative. The plate current begins to increase
again. This completes the “cycle” or revolution and the action is
repeated. Thus an alternating current is produced in the grid and
amplified in the plate.

Figure 5 shows a simple circuit, which may be used in conjunc-
tion with a vacuum tube for the production of continuous waves,
which are generated as follows:

When the switch S is closed, lighting the filament, the current
from the “B” battery flowing through L1 charges the condenser C,
which, when discharging through the circuit CL1 induces into the
other coil L2, closely coupled to it, some oscillations. If a meter
is connected in the oscillating circuits as shown at M, it registers
a current which is alternating, since direct current cannot pass
through a condenser.

It will be noticed for a given value of plate current, which may
be measured by the milliameter MA, a certain intensity of alternating
current flows in the circuit L1C.

This type of oscillator constitutes an efficient continuous wave
transmitter and may be used as such by connecting an antenna and
ground inductively to the oscillating circuit as shown by the dotted
line. A key should be introduced in the circuit, so as to form the
dots and dashes composing the Continental Code. One of the simplest
types of vacuum tube transmitters is shown in Fig. 6; it is the Hartley
circuit, in which only one inductance is used for both the plate and
grid circuits, this being tapped in the center so as to divide into two
sections.

A hot wire ammeter is connected in the aerial circuit to show the
intensity of a current flowing and to indicate the point of resonance
when the set is tuned for a certain wavelength.
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The key may be connected in the lead from the filament to the
rest of the circuit. This circuit is suitable for a low power trans-
mitter, using “B” batteries to supply the energy to the plate circuit.
When more power is needed, a high voltage dynamo is employed
and connected as shown in Fig. 7.

-—
oV _A.C

Fig. 10

Here the high tension supply is out of the oscillating circuit and
a choke coil prevents the high frequency current from flowing back
through the supply circuit; also, a condenser is inserted between the
plates and the antenna circuit, so that only the oscillating current
flows in it, since the direct current supply is stopped by the con-
denser.

Another improvement is the use of a grid condenser and grid
leak, whereby the grid potential may be kept negative, in order to
reduce the plate current, which would be excessive if the grid were
allowed to be at a high positive potential. Instead of using batteries
or other sources of direct current, alternating current may be em-
ployed to supply both the filament and plate current of a continuous
wave or radio phone transmitter.

Since it is necessary to apply the direct current to the plate, two
rectifier tubes or an electrolytic rectifier are generally used to change
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the high tension alternating current obtained from a step-up trans-
former into the required direct current. Figs. 8 and 9 show the high
tension supply from an alternating line, with these types of recti-
fiers. In order to smooth out the rectified current, a filter circuit com-
posed of large capacities and iron core choke coils is inserted be-
tween the rectifier and the vacuum tube set. The current obtained
through this combination is practically constant.
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Fig. 11

Electrolytic rectifier shown in Fig. 8, the transformer supplies
alternating current to the rectifier jars which contain aluminum and
lead plates immersed in a saturated solution of borax and distilled
water. These cells have the peculiar quality of only passing a cur-
rent in one direction. Two of the cells are working on each half
of the cycle. The tube type of rectifier is shown in Fig. 9. This is
also a full wave rectifier, that is one tube works on each half of the
cycle. These tubes work on the principle of the vacuum tube as
previously described.

Fig. 12

In order to simplify some transmitters and to avoid the use of
Kenotron rectifier tubes, the vacuum tubes themselves may be. used
to act at the same time as rectifiers and oscillation tubes. In this
case, which is illustrated in Fig. 10, each of the two tubes work only
during one half of a cycle, when the plate is made positive. The
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total efficiency of this kind of transmitter is about equal to that of
a one tube set supplied with direct current.

In order to increase the power of a transmitter, several tubes
may be used in parallel, all the grids and the plates being connected
together. However, a better system to obtain increased power is to

‘7 Oscillator Modulator
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Fig. 13

use the system known as the master oscillator amplifier system. The
circuit of such a transmitter is shown in Fig. 11. As may be seen,
one tube, which may be of any power, produces the oscillations, which
are applied by induction upon the grids of power tubes which amplify
the original oscillation produced by the master tube. Not only is
this system more efficient, but it also has the advantage of keeping
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Fig. 13-A

the frequency of the emitted wave constant, since variation in the
antenna capacity caused by its swinging in the wind or other causes
do not affect the oscillating circuit which is entirely separate. This
is a marked advantage since at short wavelengths a very small varia-
tion of capacity in the transmitting antenna is sufficient to cause the
signals to fade out entirely at the receiving station, when the receiv-
ing set is tuned sharply.
It is necessary to use a vacuum tube oscillator or to cause a de-
" tector itself to oscillate, for the reception of continuous waves; if
it is desired to make the signals of a continuous wave transmitter
audible at a station only equipped with a crystal or other type of
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non-oscillating detector, the wave must be cut into portions equiva-
lent to the wave trains of a spark transmitter. This is easily accom-
plished by means of an interrupter called a “chopper” and connected
in a series with the key or at other convenient points in the circuit.
This chopper is usually made by revolving a disk with many con-
tacts between two electrodes, alternately making and breaking the
circuit. A buzzer may also be used in small transmitters.

Unmodulated Hodulated
wave wave

Fig. 14

A radio telephone transmitter, such as used in broadcasting
stations, consists primarily of a continuous wave transmitter to which
has been added the proper system for modulating the emitted wave
which in this case is called the carrier wave, since it carries the varia-
tion caused by the musical voice impressed upon the wave. The
modulations may be accomplished by two methods which are used
in practice, namely the absorption and the constant current systems.
The former consists of inserting in the grid circuit a microphone the
resistance of which varies under the influence of the speech alternating
the amplitude of the wave as shown in Fig.'12, This method of modu-
lation gives fairly good results but is surpassed in efficiency by the
constant current method.

The constant method of modulation was originated by the French-
man Latour and the well-known American engineer R. Heising, and
is now extensively used in modern radio phone transmitters. Fig. 13
shows the hook-up of such a set together with the diagram explain-
ing its functioning. One of the tubes in the transmitter produces the
continuous wave, while the other two are used exclusively to modu-
late it, but in such a way that the amplitude of the wave can reach
a value double to that of the normal amplitude, therefore increasing
the efficiency of the system.

As may be seen. an iron core choke coil is connected in the supply
to the plate; this is used to keep the current constant and prevent
the variation caused by the modulated tube from passing through the
high tension supply.

If we refer to diagram 13A this may easily be understood.
Supposing that the two resistances R and Rl represent the internal
resistance of the tubes. The same current will flow through each
resistance, since they have the same value, However, if the resistance
R1 is varied suddenly, the current through R will be greater or smaller
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according to the positian of the slider S, since the current from the
battery B is kept at a corstant value by means of the choke coil C.
In the radio phone set of Fig. 13 the same thing happens. The resist-
ance of the modulator tube being varied by the variation of the voice

Rear view of a short wave amateur transmitter showing
methods of construction, keeping the leads short and
straight in the vital parts.

applied to the grid, through a transfarmer.” For instance if a high
voltage of the source is 300 it may vary from zero to 600 on the plate
of the oscillator tube when the resistance of the modulator tube is
varied from minimum to maximum. The shape of the wave emitted
by this type of radio transmitter is shown in Fig. 14.
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A few years ago when amateur transmitting became very con-
gested on the 200 meter wavelength, some venturesome amateurs
decided to see what would happen if they used the lower wavelengths.
They constructed temporary transmitters to work on 180 meters.
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The results obtained, because of the lack of congestion caused a
sudden rush for the lower wavelengths and with the help of govern-
mental ratification, the hitherto unknown wavelengths were explored.
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Typical short, wave amateur installation working on a wavelength
of 42.56 meters.

‘The American Relay League and other national and local radio clubs
assisted in the natural continuation of experiments. They installed
experimental research laboratories and compiled data for use in con-
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structing short wave transmitters. The amateurs themselves contri-
buted all the information they could gather and the monthly publica-
tions of these organizations began to show signs of results. The popu-
larity of the short wave increased and regular schedules of communica-
tion were arranged between amateur stations.

Side view of a short wave 5 meter transmitter showing the
method of mounting the tube to keep down internal capacity.

The distances obtained with short wave apparatus were startling
and it is no unusual feat for a small receiving tube to be used as a
transmitter. Distances of 5,000 miles and more have been obtained
with transmitters using only a few watts of power.
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At present, while many amateurs or “hams” as they prefer to
be called are operating on 200 meters, a great majority are using
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wavelengths between 150 and 5 meter. The use of these high fre-
quencies required many ingenious contrivances, among which were
the designing of new tubes which would oscillate on high frequencies
and the oscillating quartz crystal to maintain a constant frequency
in the transmitter. It was found that by grinding a crystal of quartz
to a certain thickness and inserting it in the grid circuit of a trans-
mitter that it would subdue all frequencies except the one to which
it was tuned. This phenomenon was a great help in low wave sets and
many amateurs are now using these crystals,

A twenty-meter transmitter used in a modern amateur station.

At first many difficulties were encountered. The tubes on the
market had such a high internal capacity that they would not oscillate
on the low wave lengths. The type of antenna formerly used was
utterly hopeless. The rectifiers and filters used with great satisfac-
tion for rectifying alternating current for supplying the plates of the
tubes were atrocious on these high frequencies. A million other
obstacles were placed in the way, but gradually they were overcome
and today amateur transmission on the low waves, while still com-
paratively new, is a reality.

The construction of low wave (high frequency) transmitting
apparatus needs much thought and consideration before plunging
blindly ahead.
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A few general considerations before dropping into specific details
are necessary. In the type of transmitter we are going to describe,
there are several different ways in which the desired wavelength can
be secured. A tube oscillator is found to have several different fre-
quencies besides the main frequency. These other frequencies are
called harmonics and are found to be at one-half, one-third, one-fourth,
twice and three times the wave, etc. They are called the second
harmonic for twice the wave, etc. The theory of this will be found
in various text books on radio transmitters. The use of this theory
is very helpful in building short wave transmitters as will be shown.

In Fig. 15 at A the whole system is tuned to 160 meters to get
a 160-meter signal in the antenna from a tube controlled by a 160-
meter crystal. At B an 80 meter signal gets out into the air. Note
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Fig. 18

that LC in the crystal plate circuit is tuned to 160 meters, the second
harmonic (half wavelength) being picked off by tuning the antenna
to 80 meters. At C, an 80-meter crystal gives an 80-meter signal
from the antenna, while at D the antenna is tuned to 40 meters and
uses the second harmonic from the crystal. Note that the plate
circuit is always tuned to the wavelength of the crystal.

The antenna itself does not have to be tuned to 160, 80, or 40
meters in the above cases but may be used at some of its harmonics
(preferably the odd ones). For instance the antenna in D, Fig. 15,
may actually have a fundamental wavelength of 120 meters and a
third harmonic of the antenna will be picked up on the second
harmonic in the plate circuit, resulting in a 40 meter signal in the air.

The diagram for a crystal controlled transmitter which uses the
self-rectifying principle previously described is shown in Fig. 16,
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The transformer T1 is a step-up transformer with a primary
winding for 110 volts and two secondary windings of 500 volts each.
The transformer T has a primary winding for 110 volts and two
secondary windings of 8 volts each. The radio frequency chokes are
made by winding No. 30 to No. 34 D.C.C. wire on a form 15 inch by
2% inches until the form is full. The plate coil L. should have 18
turns tapped every turn on a 3-inch form for a 160-meter crystal or
10 turns tapped every third turn after the fourth for the 80-meter
crystal. The antenna coil L1 has 8 turns of No. 16 D.C.C. wire on a
2Y4-inch form. The choke coil RF1 is wound on a 34-inch form and
consists of about 60 turns for the 80-meter crystal. The condensers
C and Cl1 are .00025 microfarad variable condensers and the fixed
condensers in the plate circuits are of .001 microfarad capacity. When
wiring the set care should be taken to make the lead from the crystal
to the two grids come mid-way between them.

Another type of short wave crystal controlled transmitter is
shown in Fig. 17. This circuit uses direct current on the plates in the
master oscillator circuit previously described.

A transmitter for use on the 5-meter wave would be of interest
to many, and the circuit diagram is shown in Fig. 18. Two power
tubes are used in parallel. The inductances consist of flat copper
strips bent into shape. The tuning condenser is .00025 microfarads.

The choke coils are wound on Y5-inch tubing, and consist of 25
turns each. The filaments are operated from a transformer with a
center tap and the plate current is supplied by a high voltage
generator.

With the results achieved by amateurs since the beginning of
radio, when they were alloted wavelengths considered worthless by
the governments of the world, it is hard to forecast any future from
amateur radio. The amateurs were given the wavelengths up to 200
meters, because these were considered of little use to commercial
transmission and out of this left over, they have discovered a veritable
gold mine for research and achievement. With successful operation
on »2 meter who can tell how far down it is possible to go?

The results of television offer another very interesting field for
experiment and in a few years with the combined results of amateurs
and commercial inventors we may have unimaginable victories.

Before attempting to build and operate a transmitter, the amateur
should thoroughly master the code. A few rules and instructions will
be of service to the beginner on the use of the key. This seemingly
simple piece of apparatus is in reality the hardest for most amateurs
to master and the following methods of learning the code will be of
great help in overcoming the difficulty.

There are two general codes used today in telegraph and radio
but in amateur radio, only one of these is used. However, it will be
of interest to many to compare the two methods, so explanations of
both are included. The code used universally in amateur radio is the
International Morse Code or Continental Code. This code is much
simpler than the other since it has only one length for the dots and
dashes while the Morse Code has several lengths of dashes.

»



The 100 Watt Transmitter shown on the left is a good example of the
workmansh'p found in the modern “shack” of an amateur.
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There are several different ways of learning the codes so as to
operate properly by them, and in general, two classes of beginners
in wireless undertake the work, namely, former wire operators, who
are used to sounder Morse, with its back-kick; and the novice who
cannot send a dot.

It seems to be the common experience, that a wire operator tak-
ing up wireless, has but little difficulty in grasping the rudiments of
the newer art and quickly becoming an expert at the wireless key;
on the other hand, many otherwise well grounded students of wire-
less, who think they can operate, succeed in charging the ether with
a nondescript series of spasmodic signals intended for the code, which
are enough to make good old S. F. B. Morse himself turn over in
anguish,

Fig. 19

The first thing an operator must or should learn, is the correct
manner of holding the key in transmitting. this being very important,
when any long messages or a batch of them are to be sent in suc-
cession.

A form of grasping the key adopted by the majority of {ast com-
mercial operators, is to rest the first and second fingers on the top
of the key button and close to the edge of it, with the thumb placed
against the edge of the button see Fig. 19. Then the first and second
fingers are curved to form a quadrant of a circle avoiding any undue
straightness or rigidity of these fingers and the thumb. The third
and fourth fingers are partly closed and the elbow allowed to rest
casily upon the table, permitting the wrist to be perfectly limber.
A moderately firm grasp should be taken on the key, but not a rigid
one. If the key button is grasped too tightly, the hand will soon be-
come tired or fatigued, resulting in what is known as “‘telegrapher’s
cramp.” A little practice, on the key, with careful attention to the
codes, will soon break in the amateur operator, and do more for him
than a dozen pages of reading on the subject.
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In this connection it might be mentioned that there are on the
market, several automatic instruments which send dots and dashes of
regular length, irrespective of the operator’s characteristics, two of
them being the “Mecograph” and the “Vibroplex.” ‘These instru-
ments are satisiactory for wireless work, but generally have to be
utilized in connection with a relay, as they are not capable of handling
heavy currents, such as occur in a wireless station of any size. These
patent keys are operated by a sidewise motion, and are claimed to
prevent “telegrapher’s cramp,” but they nevertheless require as many
movements of the hand as a common Morse key, in sending, excepting
dot letters. Sending machines or keys must also be kept in the very
best condition, and carefully watched, or they become irregular in
the closing of the contacting parts, owing to collections of oil and
dirt or burnt surfaces.
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The Morse code in its present form was arranged by Mr. Alfred
Vail, of Morristown, N. J., and duc respect has been given to the
most frequently occurring letters, so that they may be the shortest.

The great fundamental building block of a good code sender, is
the correct time spacing of the various signals employed, and com-
posing the alphabet. To begin with, the time unit upon which the
code is built, is the dot, the shortest signal used, and whatever its
time duration, the spaces and dashes must be made of proportionate
length. This is quite clearly remembered, if it is known that the
ordinary space is of the same time duration as a dot, and the ordinary
dash twice the length of a dot. In the Morse code, the letter L,isa
dash of four times the duration of a dot, while for the figure 0, the
signal is an extra long dash, equivalent to the duration of five dots.
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Between words, the space interval should be two ordinary spaces,
and between sentences, the equivalent of three spaces.

If the operator aspirant desires to be thoroughly proficient in his
chosen profession, he must pay the strictest attention to the proper
time spacing of the various letters and figures of the code. A good
plan for the beginner, is to have a friend a short distance from his
place, who will send arbitrary signals to him, and he will undoubtedly
learn to receive quicker in this manner than in any other, unless he
can attend a school for the purpose.

A “skeeter” spark, as it is often termed in the profession, mean-
ing a “singing” or high pitched spark note, may be closely imitated by
altering the buzzer construction somewhat, as shown at Fig. 3, and
placing a thin iron strip across the magnet poles, slightly above them,
varying its tension by a thumb nut attached to one end of it. This
arrangement gives an exceedingly high note in the receivers.
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The buzzer set described above can be operated manually by
hand, but for beginners who find it hard to properly space the signals,
it is better to control it from some sort of automatic sending device,
such as the “Omnigraph,” which costs from $2.00 up, according to
how elaborate an instrument is desired. It works on the principle,
that a circular metal disc with projecting teeth around its periphery,
and rotating by means of a spring mechanism, opens and closes an
clectrical circuit, at definite intervals, by means of a spring contact
pressing against certain teeth while rotating. Different discs, for
various combinations of words and phrases can be obtained for it,
and where the learner has access to no other teacher, this automatic
sender, capable of transmitting at any speed, should be a boon.

On regular wire telegraph land systems, a speed of 40 to 50
words per minute is usual in sending, except in bad weather it may
be reduced to 25 or 30 or less. The speed of transmission for wire-
less work, is often as high as 40 or more words per minute under good
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conditions, but the United States Examiners, before whom all com-
mercial ship operators must appear, require a sending and receiving
speed of not less than 15 words a minute, American Morse, or twelve
words in the Continental code, as the operator may elect.

The Continental code, although recognized at the Berlin conven-
tion for International wireless arrangements, has not been used to
any great extent commercially, although the United States Navy em-
ploys it. The advantage of the Continental code over the regular
Morse code, is that there are no spaced letters, as the letters O and
R, in Morse; the Continental signals being composed of straight com-
binations of dots and dashes.

The disadvantage of the Continental code, when compared to the
Morse, is that the figure symbols in the former, are unduly long and
require too much time to send. In the letter section of the codes,
there are but few differences.

It is advisable for the beginner to practice certain exercises in-
volving the repetition of letters of the same make-up, as dot letters
and dash letters, etc.

An exercise in dot letters for the Morse code is:—Ship, she, his,
hips, sips, pies, sheep, pipe.

Some practice words, containing dot and dash letters are:—
Spanish, spite, ship-shape, dishevel, dapple, hissing.

Some dash letters for practice are:—DMet, till, time, metal, pell-
mell, mammal, tittle, timid, skilled, multiple, multitude, mallet, emit.

Dot before dash letters :—Awe, awful, law, valve, Eva, vault, lava,
pawl, squaw.

Dash before dot letters :—Bend, bidden, ban, dunned, dabble, nab,
dined.

Combination of the last two:—Julep, jungle, quaff, quake, exit,
exquisite, exhaust.

An exercise in spaced letters is:—Err, errant, corner, eczema,
corollary, co-operate, coon, circus, buzzard, correlate, corrupt, co-
hesion, road, dory, there is no royal road to learning.

In learning the beginner should try to send at an even regular
speed, going slow at first and gradually increasing the speed to the
necessary degree. One of the most common defects in a beginner is
his choppy or irregular speed in transmitting, which makes it very
difficult for even a good operator to receive.

A large amount of sending is easily and readily taken care of by
the steady sender, who makes few mistakes, with consequent few
repeats, although in long dispatches the question sign should be
given after every 20 words, which will save repeating a whole message.
A steady, well trained sender, can operate for 10 hours at a stretch,
if need be, but a poor sender, who has not learned to handle the key
properly, would succumb to a cramp in a few hours.

A beginner, or “ham’” operator as they are termed in popular
parlance, is generally known by his style of sending, a very frequent
tault of his being, the string of 8 or 10 dots he sends out like so many
shots from a gatling gun, and intended for the poor little letter P.
It is interesting to note in this connection, that there are professional
operators, who cannot for the life of them, send those five dots repre-
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senting the letter P, correctly at high speed. It seems to be a freak
of human nature. Another string of rapid-fire dots often come
hurtling through space intended for the six dots, representing the
figure 6. The only remedy for these freaks, is to thoroughly practice
over and over again, those particular balky symbols, slowly at first,
then faster until normal speed is attained.

In the Morse code, a common mistake is that of prolonging the
T dash, and shortening the L dash. Another tendency is to lengthen
the first and last dots of a letter; running the spaced dots together;
dropping dots out of some letters; running letters of different words
together; making unintelligible combinations of different half-words
and a multitude of others.

When the student has learned how to handle the key properly,
so that dots and dashes of the proper length are sent out, his duties
will concern the proper handling of dispatches and messages as sent
in regular commercial work. .

Before a message can be sent, it is necessary to send out the call
of the station desired to communicate with, and at the proper wave-
length, as the call might be sent out all day, at the wrong wave-length,
and never be acknowledged. A book published by the U. S. Govern-
ment Printing office, at Washington, D. C., gives all the calls for
registered ships and shore stations, exclusive of private stations, which
are listed in a special book published each year.

For instance, suppose the station wanted, is rated in the book as,
call B N G, wave-length 428 meters. In this case, the call should be
repeated at intervals of about fifteen seconds, followed by the call
letters of the station calling, allowing time for acknowledgment of
call. It is not always possible to send out the call at the wave-length
of the called station, in which event it is necessary to send it out at
the regular transmitting wave-length and take a chance on the op-
erator of the desired station stumbling over it, while “listening in,”
at various wave-lengths or tunes.

After the called station acknowledges the call, and gives the
“go ahead sign,” abbreviated to G A, the following arrangement is a
standard one for sending the message: Send the sign “H R” or
“M S G,” meaning message; then give the number of message; the
station’s call; operator’s sign; number of words, excluding address
and signature; date; route of message; address; body of message;
and signature.

Regarding the charges on board ship, land wire charges, or both,
they can be given after the “number of words.” For messages to be
forwarded by a certain land, the directions can be indicated after
“Route of message,” by the letter “W. U.” for Western Union, “P, T.”
for Postal Telegraph, etc.

All messages are not transmitted in regular form or as they are
written, the services of a cipher code, special codes, and various ab-
breviations being widely used to increase the speed of transmission,
decrease the cost of transmitting, and thirdly, to preserve secrecy in
some cases.

In wireless work at present a fair list of standard abbreviations
have been generally adapted, some of them being given here.
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[To be used for all general public-service radio communication.

(1) A dash is equal to three
the same letter is equal to one dot;
letters is equal to three dots; (4) the sp

equal to five dots.]

dots; (2) the space between parts of
(3) the space between two
ace between two words is

A.—

I —...
« —
D —..
O
.=
G ——.
I....

I

J ——
K—.—
L.—..
M ——

A

A (German)

A o;—A_
(Spanish-Smmdiunviml)

C11 Z};I‘xx::l-.\‘p:mish)

£ (_Fre_u:J;—

N (Spanish)

(German)

{1 (German)

it

3 .=

4 .

Dl oo

6 —

7 o

8 ==

1) oo
0 —————

) LS 3 U171 R R
Semicolon ...l e

COMUIA vt eeennaerrararsassrsrraarasrane
COON o iieee e anarraarnarasracraany
INterrogation .. ...vo i
Fxclamation point ..o oo
ADOSLFOPNE Lotiii e
)5 558 1) 1Y (L AR E R R

Dar indicating fraction.....o...oo e
Parcnthesis .oooeeirrennrraaaraaararaos
Inverted COIMMIAS . ..ooveroierrrraeres
THAerline ..o rcniiraeraoesans
Double dash oo ienr i
Distress call oo i

Attention «ali to precede every
transmission .o oo

General incuiry eall. o oo

From (de) coeeerraeenrvaraciaaanns
Invitation to transmit ¢go alead)y......
Warning—high pOWer c.o.ocvieieirierrer

Question (please repeat after ...... )
interrupting long Messages. ...

L O R
Break (I3k.) (double dash).o.ooo.oooe.

Understand oo ciiieriiien e iaiiian

FUPFOE eveeeeconcoaruacarasararetasssnnons
toceived (O, K ooiiaiiiiiiiiiiiiinee

Position report (to precede all position
INESSIZES)  ievreeriiraarorroasoons

End of each message (Cross)..........

Transmission finished (end of work)
(coneclusion of correspondenee).....




22

List of Abbreviations to be Used in Radio Communications

\‘l\:tl:(:ﬁ- Question. Answer or notice.
cQ —_—_—— ——.— Nignal of inquiry made by a station
desiring to communicate.
T R —_ - Signal announcing the sending of par-
ticulars concerning a station on ship-
board (Art. XXII).
) ————— Signal indicating that a station is about
to send at bigh power.
PRB Do you wish to communicate by means|I wish to communicate by means of the
of the Internatioual %ignnl Code International Signal Code.
QRA This is ......
QRB My distance is ......
QRC My true bearing is ...... degrees.
QRD I am bound for ......
QRF I am bound from ......
QRG I belong to the ...... Line.
QRH |What is your wave length in eters?..|My wave length is ...... meters.
QRJ How many words have you to send?...|]I have ...... words to send.
QRK |How do you receive me?............... I am receiving well.
QRL Are you receiving badly? Shall I
BeNd 20 ......iiiiiiiieiiiieienaeeannn, [ am receiving badly. Please send 26.
for sdjustment.
QRM I am being interfered with.
QRN Atmospherics are very strong.
QRO Increase power.
QRP Decrease power,
QRQ Send faster.
QRS Send slower.
QRT Stop sending.
QRU I have nothing to transmit.
I have nothing for you.
QRV I ain ready. Al right now,
QRW I am busy (or, I am busy with ......
Please do not interfere).
QRX Stand  by. I will cal you when
required.
QRY Your turn will be No. ......
QRZ Your signals are weak.
QSA Your signals are strong.
QSB .|The tone is bad.
The spark is bad.
QsC JYour spacing is bad.
QSD My time is ......
QSF Is transmission to be in alternate order Franswission will be in alternate order.
or in series?
Ef&  ||oooooo000000000000000600000006000000000000 Transmission will be in series of 5
niessages.
QSH . e e ....{Transmission will be in series of 10
messages.
QsJ What rate shall I collect for?.......... Colleet .. ....
QSK Is the last radiogram canceled?........ The last radiogram is canceled.
QSL Did you get my receipt?................ Please acknowledge.

1 When an abbreviation is followed by a mark of interrogation, it refers to the
question indicated for that abbreviation,

.
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ﬁ::;;:: Question. Answer or notice.
QSM What is your true course?............. My true course is ...... degrees.
QSN Are you in communication with land?..|I am not in communication with land.
Q8O Are you in communication with any|l am in communication with  ..... f
ship or station (or: with ...... y? (through ...... Vo
Qsp Shall I inform ...... that you are/Inform ...... that I am calling him.
calling him? ............. 80000000000
QSQ Is ...... calling me?.....coovivveeennnn Youn are being called by ......
QSR Will you forward the radiogram?..... 1 will forward the radiogram.
Q8T Have you received the general call?..|General call to all stations.
Q8SU Please call me when you have finished|Will call when I have finished.
(or: at o’clock).
Qsvt Is public correspondence being han-|I’ublic correspondence is being handled,
AIed? .iiiiiieineiiitieniierrereasirans Please do not interfere.
QSW Shall 1 increase my spark frequency ?..|Increase your spark frequency.
QSX Shall 1 decrease my spark frequency?.|Decrease your spark frequency.
QS8Y Shall I send on a wave length of ...... Let us change to the wave length of
Meters? L ....iceiiiiasccncccaccesanons] ceeene neters.
QSzZ |....... 5000000000000000000000000000000000d Send each word twice. I bave difficulty
in receiving you.
QTA 6000006000000000000000000000000000000000004 Repeat the last radiogram.
QTC Have you anything to transmit?....... I have something to transmit. I have
one or more radiograms for ......
QTE What is my true bearing?.............. Your true bearing is ...... degrees
from ......
QTF What is my position?..................}Your position is ...... latitude ......

longitude.

1 Public correspondence is any radio work, official or private, handled on commercial
wave lengths.



PART 1I

COMMERCIAL TRANSMITTING SYSTEMS.

ITHIN the last few years new systems have been introduced
W for producing electrical oscillations for wireless transmission.

These systems have proven superior to the older spark system
but even these installations are giving way to the influences of the
vacuum tubes which are making inroads to their supremacy. The
tube sets will not be treated with in this chapter.

Aside from the regular spark system, there are other methods of
producing oscillations for wireless purposes used at present in com-
mercial work. The ‘Quenched spark system, the Arc, the High fre-
quency Alternator, and the Vacuum tube.

Fig. 1

With this quenched spark system it is possible to send wireless
messages at three times the range procurable with an equal amount
of power using the older systems. The spark produced is of a perfect
musical pitch, and can be distinguished above the rumbling of static
electricity in the air, and above the interference of other stations.

The novel feature in the Telefunken quenched spark system is in
the spark gap, which is entirely original in design. This gap causes
the oscillating circuit and the aerial circuit to react upon each other
in such a manner as to produce the greatest effect, the action being
as follows:

Most operators have, no doubt, noticed that stations using the
ordinary spark gap can be heard in two places on their tuners, in
other words, these stations each seem to have two different wave
lengths at the same time. In reality there are two wave lengths
present, even when the aecrial and condenser circuits are tuned to the
same wave length, and neither wave is that to which the two circuits
are tuned. This double wave results from an interchange of energy
between the condenser and aerial circuits. Following the initial dis-
charge of the condenser, the primary (condenser) circuit starts os-
cillating, the oscillations increasing to a maximum value, at which
point the secondary (aerial) circuit begins to oscillate and gradually
increases to a maximum. Meanwhile the primary oscillations are de-
creasing in value and become zero at the time the secondary oscilla-
tions reach their maximum. The primary then begins oscillating again,
as before, but the energy necessary is not supplied by the power trans-
former but is taken from the aerial circuit, which causes the secondary
oscillations to die down to zero at the time the primary oscillations
reach their second maximum, which, however, is lower than the first.
This is illustrated in Fig. 1.
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This interchange of energy continues until the oscillations of
both circuits decrease to a point where the current in the primary
circuit is no longer able to jump the spark gap. Then the oscillations
in the secondary circuit slowly die out but are too feeble to radiate
much energy from the aerial. The result of this is that the aerial
circuit, instead of radiating a strong train of waves for each discharge
of the condenser, radiates a number of short wave trains whose aggre-
gate value is much below that of a single peaked long, slightly damped
wave train that would result if the oscillations in the primary circuit
be stopped just as soon as the secondary oscillations reach their maxi-
mum value, as shown in Fig. 2.

In order to radiate the most energy from the aerial, it is essential
that the primary remain active long enough to build up the secondary
oscillations to a maximum. If, at this point, the spark gap can be
made to lose its conductivity, the energy in the secondary will not be
lost in setting the primary circuit oscillating again, but will be radi-
ated from the aerial.

There are several forms of spark gap which possess this desirable
property of promptly damping out the primary oscillations. The most
widely known is probably the rotary gap (which has been explained in
the previous lesson), and which was introduced originally by Marconi,
and then therc are the quenched gaps of Von Lepel, Peukert, the
Telefunken Company, and others, which operate on the principles first
made known by Professor Max Wein in 1906, and the Mercury Vapor
discharger of Cooper-Hewitt.

Fig. 4

The student will be given a thorough explanation of the quenched
spark system used at present by the Telefunken Company in such
manner as the limited space allows.

The Telefunken quenched spark gap consists of a series of copper
plates which are so arranged that their center faces are raised, as
shown in Fig. 3. This is accomplished by having the ridges turned
out near the edges of the plates, and by placing mica rings of slight
thickness between the two ridges of adjacent plates, a very small gap,’
(0.01 inch), is introduced. In Fig. 3 one may note the mica rings
and the very slight gap which is formed between the plates. Usually
1,200 volts are allowed to each gap, and as many are placed in series
as necessary. In the standard Telefunken sets, the gap is composed



26

of a number of copper discs clamped together in a special framework,
and each gap is provided with a metal spring piece which is inserted
between the gaps which are to be short-circuited. If a nearby station
is to be called, the operator lowers the voltage of his generator, and
short-circuits all but one or two of the gaps. In this manner the
signals are reduced to such a point as to reach the neighboring station
without disturbing the other stations within the usual range. The
center raised portion of the Telefunken copper discs is made of silver
which has been welded on the copper.

In all of the larger sets, the copper plates are single faced, the
raised portion being on only one side, while the other side of the plate
is perfectly flat. The plate is then placed into the countersunk por-
tion of a large bronze plate which serves the purpose of adding more
cooling surface to the plate. These extra cooling plates are necessary,
since the sparks can be quenched with better efficiency while the gap
remains reasonably cool. The gap is shown in Fig. 4.

While the gap is in operation the sound of the sparks does not
resemble the loud crashing sound of the regular spark sets, but in-
stead a faint sound like escaping steam may be barely heard at a dis-
tance of more than 10 feet from the gap. On shipboard this system
is particularly desirable, since the signals cannot be read from sound
by an unauthorized person located near the wireless room.

After describing the gap which forms the vital feature of the
Telefunken system, a description of the other parts of this system is
naturally of interest. The power is supplied to the gap at a voltage
of about 6,000 volts, and is furnished by a closed core transformer of
very small dimensions. The efficiency of this transformer is extremely
high, and but a very slight percentage of power is lost in the trans-
formation of the voltage. A 500 cycle generator supplies current at
110 or 220 volts to this transformer through a simple telegraph key.
This generator is another feature of the set which is extremely novel,
for the obtaining of such high frequency current from a small size
generator is a problem requiring much experimenting and designing.
This generator has the two windings, ‘both field and armature,
mounted on pole pieces which are attached to the iron frame. Be-
tween the poles on which these windings are placed, a mass of lam-
inated iron with many teeth, revolves, driven by either a directly
coupled electric motor or an engine. In instances where a motor is
used, the motor is supplied with a field rheostat of a special type so
that the speed of the motor may be carefully varied. This rheostat
is similar to a tuning coil, being wound on a cylinder about 10 inches
long, and fitted with a sliding contact mounted on a rod. By moving
the slider a slight distance, one turn or more can be interposed into
the field circuit, with the resulting slight difference in speed of the
motor. DBy moving this rheostat handle, the pitch of the spark is
changed, and likewise the emitted signal. This is a very valuable
characteristic, especially so in war operations, inasmuch as a station
can change its spark and disguise its identity. A coil of wire mounted
on a handle and connected across a pair of telephone receivers and
detector is used by the operator for determining the pitch of the
signals being transmitted by the station.
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The condenser used in connection with the transformer and spark
gap is also a novelty, since it uses heavy paraffined paper for the
dielectric, in place of the glass plates usually employed. The voltage
being only 6,000 volts as against the 25,000 volts used in the regular
spark systems, enables heavy paraffined paper to be sufficiently strong
electrically, to withstand the voltage. The condenser made of these
paraffined paper sheets is mounted in a neat wooden case and placed
in the framework holding the spark gap and tuning instruments.
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In Fig. 5 will be seen a wiring diagram of the Telefunken system,
and it will be immediately noticed that no helix arrangement is used
for the connecting of the oscillation and aerial circuits. Instead, the
aerial and oscillation circuits are separately tuned by independent in-
ductance producers known as “Variometers.” See photograph of
Variometer, Fig. 6.

In the ground connection, a hot wire ammeter is mounted, so
that the two variometers may be turned until the hot wire ammeter
indicates the greatest deflection. In a 2 K. W. set this deflection will
be about 18 amperes.

The transmitter may be tuned with a wave-meter, by moving the
variometer in the oscillation circuit until the circuit is tuned to a de-
sired wave-length. The variometer in the aerial circuit is then turned
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until the hot-wire ammeter indicates the greatest deflection, the set
then emitting the wave-length desired. The flexibility of the set is
without equal, for any wave-length may be obtained in an instant with
the adjusting of the variometers.

- Fig. 6

The Von Lepel system varies but little from the Telefunken sys-
tem, the principle of operation being the same, though the execution
of the idea is slightly different.

In 1907, the Von Lepel system of producing wireless waves was
introduced by Baron Von Lepel of Germany, and during 1908 and
1909, a continuous controversy was engaged in between the Von
Lepel interests and the Telefunken Company as to the originality of
the rival systems. These debates were printed in the English “Elec-
trician” and were followed by all those interested in wireless teleg-
raphy, though the final results as to which system had the priority in
the quenched spark application to wireless telegraphy apparatus, could
not be definitely decided. Both the Telefunken Company and the Von
Lepel interests have many patents in Germany on presumably similar
imventions.

The new and important feature of the Von Lepel system consists
of its quenched spark gap. This gap is made of two copper discs



29

which are separated by a piece of ordinary paper, or perhaps two
sheets may be used if desired. A small hole has been made in the
center of the paper. The copper discs are then tightly clamped to-
gether so that no air can enter. An arc or spark forms between the
two copper discs where the paper is removed, but when the arc oper-
ates for two or three hours, the paper finally becomes entirely con-
sumed and must be replaced. The burning of the paper furnishes
additional advantages for the arc. The space between the copper
discs is said to be .002 inch, while the plates are 3 inches in diameter.
In the larger forms of the Von Lepel spark gap, the copper discs are
water cooled. The arc or spark gap may operate on very low direct
current voltages, since the gap is separated by such a small distance.
Whether the discharge takes place in the form of an arc or in the form
of sparks is a question which is still discussed with uncertainty. It is
probably safe to presume that the discharge is an arc, and that the
burning paper furnishes a gas to this arc, thus steadying it in con-
stancy of operation.
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Fig. 7

The arc operates on currents as low as 300 to 500 volts, a trans-
former being unnecessary if a motor-generator set is employed to
raise the current. Direct current is employed at a consumption of
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1 to 2 amperes. Owing to the extreme simplicity of the Von Lepel
instruments, it is admirably adapted for portable purposes. As in
the Telefunken system, the condenser is made of mica but is only 4
cubic inches in dimensions.

The wiring diagram of the Von I.cpel system shown in Fig. 7
illustrates the connections. [t will be noted that as in the Telefunken
system, the oscillation circuit is separately tuned by its own inductance
while the aerial also is separately tuned and has an additional aerial
inductance for long wave-lengths.

The Poulsen system introduced by Valdemar Poulsen, a Dane, in
1903, is based on the arc principle of producing electrical oscillations,
and is used today with much success.

The Poulsen system is based on the experiments performed by
Duddell in 1900, in which an arc was made to produce electrical oscil-
lations and give out a musical note when shunted with an inductance
and condenser. It has since been called the singing arc. Fig. 8 illus-
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trates the Duddell singing arc hook-up, in which it will be noted that
a choke coil is used to prevent the oscillations from backing through
the generator, and instead are made to charge the condenser and then
discharge through the inductance and arc. The following explanation
illustrates the reason why electrical oscillations are formed when an
arc is shunted by a capacity and inductance.

It is known that with an increase in current through an arc the
voltage between the arc terminals decrcases. For this reason, when
the arc is connected in series with a source of voltage and the current
turned on into the arc, this current tends to increase to a very large
value, and for this reason resistances are usually interposed in the
power leads of arc lamps. If the capacity and inductance are now
shunted around the arc, the condenser begins to charge. This takes
current from the arc and in consequence the voltage between the arc
terminals increases, and causes more current to flow into the con-
denser, since it is barred by the increasing voltage difference between
the terminals of the arc. Finally the condenser becomes charged to
an equal potential to that of the arc, but owing to the inductance in
the circuit, the charging of the condenser continues for a time after
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this period. The result is that the condenser has a higher potential
difference than the arc, which causes the current to cease flowing into
the condenser. The condenser then begins to discharge through the
arc, causing a drop in the arc voltage, and a further discharge of the
condenser. While the condenser is discharging, the inductance in
series with the condenser tends to preserve the discharging current,
so that the condenser potential finally falls below that of the arc.
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After a minimum potential in the condenser has been reached by this
discharging, the process is reversed and the action begins anew. The
arc and the condenser circuit are thus in an unstable condition and
the condenser continues to charge and discharge, thus impoverishing
and replenishing the arc as to current. Whatever energy is expended
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in this oscillation circuit is drawn from the &amect current source. It
is well to mention here that alternating current cannot be used on the
arc for wireless purposes.

In the Duddell arc the period of the oscillations was not suffi-
ciently rapid to enable their use in wireless telegraphy. The improve-
ments of Poulsen made the application possible, and today this sys-
tem ranks among the foremost for efficiency and advantages.

The main difference between the Poulsen and the plain Duddell
are, is that the former is so arranged that the arc takes place between
a solid carbon electrode, and a hollow copper vessel in which a con-
tinuous current of cold water is caused to flow. This keeps the arc
cooled, and the arc is steadied by being enclosed in a chamber to
which hydrogen gas is supplied. In some types the carbon electrode
is slowly rotated by a motor, and two powerful electro-magnetic poles
cause the arc to be steady.

THE ARC.

There are several ways of creating undamped waves of radio
frequencies, namely:

1. The Federal arc transmitter.

2. The Goldschmidt.

3. Alexanderson and Bethenod alternators.

4. The Marconi “Timed Spark” discharger.

5. The vacuum tube transmitter.

For the present, however, we shall concern ourselves with a gen-
eral explanation and description of the Poulsen arc. Figure 9 shows
a schematic diagram of a standard Poulsen arc transmitting system.
This diagram and the following descriptions and explanations, unless
otherwise specified, do not refer to any specific type of the Poulsen
arc, but it may be said that in general the principles involved in the
standard 15, 20, 60, 100 and 500 K.W. sets are the same except that
the higher power transmitters are so constructed as to overcome the
greater mechanical and electrical difficulties encountered in dealing
with the necessary current for the ignition and regulation of the arc,
the radio frequency tuned oscillatory circuit connected to antenna and
ground, and the compensating relay key circuit. The direct current
may be delivered by a motor-generator set or a steam turbine driven
500-volt generator; a suitable switchboard fitted with switches, fuses,
circuit-breaker, volt and ammeter; a variable resistance to control the
starting of the arc; two sets of choke coils, one on the positive and
one on the negative side of the circuit; two large “blow-out” magnets
mounted on the arc pedestal above and below the arc electrodes, with
means of regulating the magnetic strength of each coil separately; a
copper anode for the positive electrode and a carbon cathode for the
negative electrode with a spring device to enable the operator to
strike the electrodes together when starting the arc; a small motor to
slowly rotate the carbon tip; a feed cup filled with alcohol so-arranged
as to drip slowly into the arc chamber, and a water circulating system
to cool, primarily, the copper tip as well as the walls and door of the
air-tight arc chamber are usually found. Concerning the “blow-out”
magnets it may be well to mention that with some types of arcs there
is but one large electro-magnet mounted below the arc electrodes, its




N 33

-

yoke or core being constructed to form the opposite pole directly above
the arc.

The oscillatory or antenna circuit may consist of a main antenna
inductance, a small adjustable inductance in the form of a variometer,
a wave changing device, a compensating inductance, a_hot-wire am-
meter placed either in the ground or aerial circuit, and in some cases
a high potential condenser shunted across the arc electrodes.

The Alexanderson High Frequency Alternator

Frequencies as high as 100,000 cycles per second have been ac-
complished by means of a special form of alternator of the inductor
type, as for instance, the one developed by Dr. E. F. W. Alexanderson.
In this case 100,000 inductor teeth must pass a given point every
second. This extraordinary number can be obtained only by having

The high power station at Rome, Italy. Two powerful arcs are used to supply
the energy to the aerial.

a great many teeth on the rotor and driving it at an unusually high
velocity. In a 2 K.W. generator, the rotor has 300 inductors and
makes 20,000 R.P.M. which gives the required 6,000,000 inductors per
minute. The armature conductors are laid in a zigzag manner in
little slots in the flat face of the core, this face being perpendicular
to the shaft.

The rotor consists of a steel disk with a thin rim and much thicker
hub, shaped for maximum strength. Instead of having teeth on the
edge it is slotted with little windows, the inductors being in the form
of spokes, leaving a solid rim of steel. To cut down the air friction,
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the slots are filled with non-magnetic material such as phosphor-
bronze, which are finished off smoothly with the face of the disk.
These machines embody a number of novel features made necessary
by the small space per inductor and the exceptional speed. Their con-
struction became possible only through engineering skill of a very
high order and by the finest workmanship. The only undesirable
feature of these exceptional machines, however, is that they are not
suitable for field work, but are mainly designed and used at high
power long-distance land stations.

At the gigantic transmitting station located at Radio Central,
Long Island, near Port Jefferson, and about seventy miles east of
New York City, we find one of the most powerful stations in the
world. This station communicates regularly with Wales, France,
Germany, and Norway. Some distance away we find the receiving
station, at Riverhead, Long Island, which picks up the messages trans-
mitted by the foreign stations entailing no interference from the very

Fig. 10 Fig. 11

powerful transmitter at Radio Central or the other powerful stations
iocated at New Brunswick, Marion, or Tuckerton.

The transmitting station at Radio Central, with its 200 K.W.
alternators, Fig. 10; its tuning inductances, shown here erected in
the open, Fig. 11; its magnificent towers of structural steel mounted
on insulating bases, Fig. 12, which radiate in all directions of the
compass, as shown in the illustration,” Fig. 13; and its condenser racks
as shown in Fig. 1t constitute the last word in radio transmitting
stations of the commercial type. This is the station through which
the Radio Corporation of America transmits to the various foreign
stations previously mentioned.

Several years ago, each transmitting station had its own receiv-
ing station. This system is changed now, however, for at Riverhead
all of the receiving is done. Radio Central, Tuckerton, Marion, and
New Brunswick can all carry on an uninterrupted conversation with
the foreign stations while Riverhead patiently listens and completely
handles all of the incoming signals of the Furopean centers. This
station automatically transfers the signals over trunk line wires to
the Broad Street office in New York City, where all of the incoming
and outgoing messages are handled.
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The antenna is of a new tvpe, very directional in efiect. It is so
orientated that it will receive signals from the transmitting stations

= a>

e | ——

Fig. 12

across the occan. while almost entirely ignoring those signals from
powerful stations close by. The antenna is nine miles long, sup-
ported on telegraph poles and stretches out only in one direction. A
special receiving circuit is fed by it, which reduces interference al-
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most entirely. Atmospheric disturbances known as static are greatly
suppressed, at least to the extent of about 90 per cent.

In Fig. 15 Dr. E. F. W. Alexanderson, the inventor of the al-
ternator and other radio and electrical devices can be seen at the
Riverhead receiver. The tape recorder at this station is shown in
Fig. 16 and in Fig. 17 a portion of the nine-mile antenna suspended
from thirty foot telegraph poles, may be seen.

The station at Riverhead continuously receives signals from
Carnarvon, Wales; Bordeaux, France; Stavanger, Norway, and Nauen
and ILilveese, Germany. All of these stations transmit on wave lengths
of over 12,000 meters, one of them on a wave as high as 23,400 meters.

The Goldschmidt Alternator

A certain desirable principle not previously mentioned in connec-
tion with our study of electrical machinery is utilized in the high
frequency generators of several high power German stations, such as
the well known Nauen station, which has the familiar call letters of
llPOZ‘))

In this case, advantage is taken of the building up of large cur-
rents by electrical resonance in the rotor and stator circuits of the
machine itself, as well as the multiplication of frequency by the effect
of rotor currents on the stator windings.

When a rotor is revolved, and at the same time alternating cur-
rents are made to flow at a frequency corresponding to the speed of
rotation and to the number of poles, then, due to these currents,
pulsations take place in the strength of the magnetic field of the
machine at double the frequency of the alternating currents.

By providing suitable circuits, it is possible to obtain a frequency
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Fig. 17
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speeds. Instead, however, the large machines used in trans-oceanic
work have 360 poles and are driven at 4000 r.p.m. by 250 h.p. motors.
The fundamental frequency is therefore 12,000, which is quadrupled
as has been explained, thereby giving 18,000 cycies at the antenna.
To secure efficient operation of these machines is no easy matter, and
the finest sort of workmanship is necessary in building them. They
are being used to great advantage at the present day in commercial
transoceanic telegraphy.

The Bethenod High Frequency Alternator

Mr. Bethenod, chief engineer of the Radio Electric Society of
France, has invented a very efficient type of high frequency alternator,
which is very compact and at the same time does not present the dis-
advantages found in some other similar types of machines. In this
type of alternator, there is no rotating winding, nor any brush. The
speed is not excessive and makes the machine safer and more steady
in operation, and since the space between the rotor and the stator is
comparatively large, there is no danger of the rotor rubbing against
the stator. The efficiency of this machine at maximum output is 63
per cent for the 200 K.W. machine and 67 per cent for the 500 K.W.
type. The signalling is made by short-circuiting the machine on itself
which reduces the consumption of current, since it does not absorb
any power during the interval of the signals. Therefore, it is possible
to obtain, for a given amount of energy, much stronger signals in the
antenna than obtained for a continuous dash. The efficiency of this -
system is almost double that of an arc. A further advantage of this
alternator is that when increased output is desired, several machines
may be coupled together. Fig. 18 shows a view of the 250 K.\V.
Bethenod high frequency alternator and in Fig. 19 is seen the stator
of this alternator. Note the fine slots containing the winding and
the water pipes for cooling.

Fig. 19

The Bethenod alternators are made in several sizes, varying from
25 to 500 K.W. output. The speed varies from 6,000 to 2,330 r.p.m.
and the frequency from 30,000 cycles for the smaller machines, to
14,000 or 15,000 cycles for the larger types. These machines are in
use at Y.N,, Lyon, France, F.L. and other high power stations.



PART III

AERIALS AND HOW THEY ARE INSTALLED

N this part we deal more particularlv with the antenna. Al-
though the word antenna means to reach out and feel, it cannot
be very correctly applied to sending aerials. Nevertheless, it

has come to general use among radio enthusiasts, and is employed
synonymously with the word aerial. These two terms represent the
wires erected either within or outside of the building, upon which a
minute quantity of the energy transmitted by the sending station, is
intercepted.

SINGLE WIRE AERIALS.

FOR RECEPTION
INSULATOR ROPE
LY INSULATOR
Y -4 \ l
i Y
~ \
AERIAL WIRE
NoE N®.14 OR LARGER
LEAD IN—
-] —= N =
N —~ LIGHTNING ARRESTER— 7.,
—_— GROUND”
_— T —— -_
— LEAD IN INSULATORS

Fig. 1

At the present day with audions or vacuum tubes so prevalent
in receiving circuits, the antenna presents no real difficulty. An
umbrella, a small coil of wire, a bed spring, a fire escape, wet clothes
line or a clothes line with wire wound around the same, a nail in a
tree, wires sunk underground, in fact any conceivable object made
of metal having considerable bulk, or wire either straight or coiled,
has been impressed into service. For receiving messages from the
broadcasting stations, a wire stretched between two insulators, pref-
erably one hundred to one hundred and fifty feet apart, and thirty-five
or more feet above the ground, with a lead-in anywhere along its
length, but preferably at one end, constitutes a very efficient form of
aerial. The wire may be of copper or aluminum or copper covered
steel. Phosphor bronze braids or tinsel tubing as well as woven
copper wire is of course more effective, but the cost would not war-
rant its installation, except where it is desired to use the same antenna
for both transmitting and receiving purposes. For the amateur’s
antenna steel wire with a thin coating of copper welded to it, the

10
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wire size No. 14 B. & S. gauge or larger, is recommended because it
is cheap and a greater stretch of wire can be put up without much
sag. The copper coating welded to the steel is sufficiently thick to
permit the high frequency currents to pass along the wire freely.
The currents of this nature travel only a short depth below the sur-
face of the conductors, prodticing a pure skin effect. For this reason
tubing is very efficient but highly expensive.

As aforementioned, many elaborate types of aerials have been
advocated, and on travellmg through the country or city one can see
everywhere antennaes of every description decorating the roofs of
houses, or strung from a rafter or an adjoining tree. In the city it is
against the rule to string an aerial across the street, no attempt should
be made to string an aerial above or below telephone wires or power
lines, as a wire may break either in the power line or the aerial
itself, causing the energy from those power circuits to travel
through the set to.the ground, destroying cither the set itself or plac-
ing those individuals handling the same in a dangerous position.

The simplest way to erect an aerial is to procure two insulators,
one of these is fastened rigidly about three feet from the end of a
chimney, rafter, or from a pole erected upon the roof of a building.
The other is secured to a rope passing over a pulley mounted on an-

PULLEY AERIAL WIRE
| /INSULATOR N®. 14 OR LARGER

/

, F}ULLEY
INSULATOR

00NTACT+$0LDERED

~——

N2.14 WIRE OR

. ey GROUND 5 \;\‘ ~..
—— i N ~
. - —. ’ e -
Fig. 2

other pole or else is fastened to another piece of wire which will be
secured to a second suitable location. If the roof of a house is of
metal and there is a metal pipe leading to the ground, it is advisable
to string the aerial considerably above the metallic roof, or between
two or more adjoining buildings. A lead-in wire which goes to the
apparatus is then twisted to the antenna, and brought down to the
apparatus. If the attachment of the antenna to the house causes the
antenna to come very close to the roof, because of lack of other suit-
able location, it is advisable to place the insulator in such a position
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that the end of the aerial will be at least two feet from the building.
See Figs. 1 and 2. The lead-in should be constructed as shown in Fig.
3, which also shows the method of making a good ground.
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GROUND wugg - .
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\/— =2\ WATER PIPE
X ¥ g I
I .
SOLDERED CONNECTIONS
I { GROUND WIRE
CLAMP

LONG WIRES

-~ — BURIED 20R 3 FEET DEEP.
/ Fig. 3

One fact should remain in mind and that is an antenna of this

nature is fairly directional. It will receive messages in one direction
better than in another.
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Assuming that the portion of the aerial stretched between the in-
sulators is the thigh of the leg, and the lead-in the remainder of the
leg, then the knee of the aerial should point toward the broadcasting
station, or in the direction from which the greater amount of messages
and the greater distance is to be obtained.

Of course, many amateurs prefer more elaborate antennae, which
will, of course, differ in dimensions according to the available loca-
tions, but with transmitting sets an aerial stretched between two
poles 50 or 75 feet apart, and about 50 feet high, answers the purpose
admirably. Two spars or spreaders, 6 feet long and sufficiently stout,
are secured to the top of each pole by a rope passing over a pulley.
These permit for the lowering of the aerial for repairs. Bamboo is

— ey
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NOT SMALLER
THAN NO. 14 B&S.

TO THE RADIO SET.

FLAT TOP INVERTED 'L" AERIAL

Fig. 4

excellent wood to use for the spreaders, because it is both light and
strong. The wires are then strung upon the spreaders each insulated
from the spreader itself by the standard insulator made of either
glazed porcelain, electrose, or hard rubber, as shown in Fig. 4. It is
not absolutely necessary to insulate the wires from the wooden spread-
ers in ordinary receiving sets, one insulator on the guy rope being
amply sufficient to prevent leakage of currents to the ground. The
wooden aerial masts which have been used for a great many years are
now being supplanted by iron masts or poles. These are usually made
up of sections of iron pipe, connected together by reducing couplings,
so that a pipe about 1 inch in diameter connected to a flange at its
base reduces in size until at the top it is but 1% inch, through the
interposition of a 34 inch pipe, between the two extremes. These
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‘ron masts must be well guyed and for this purpose iron guy wires
are employed, and if the guy wires are 20 feet or more long they are
broken up by means of strain insulators into 20 foot sections. This
is to prevent any undue absorption or dissipations of currents being
induced in them unnecessarily, and thus causing a loss of the aerial’s
efficiency. To reduce the loss to a minimum when employing iron
or steel poles, the base of the poles is also insulated, even such large
towers as that of Fessenden’s Brant Rock which is 420 feet high,
sets upon a pillar of glass. In attaching an iron mast to a roof, per-
mission is not often granted to bolt this mast directly to the cross-
beams below the surface of the roof, and for this reason two 4 x 8
pieces of wood are lapped at right angles to each other. Each piece
1s at least 8 feet long. The flange for the pipe is then bolted to the
wood at the crossing.

GU/ILE ROPES

Fig. §

In erecting aerials of the wooden or steel kinds of any desired
height it will be found that if another mast is planted alongside of the
hole into which the mast is to sink, which mast should be about 1/3
the length of the mast to be erected, raising it becomes an easy propo-
sition. Pulleys are fastened to the hoisting pole and to the mast as
shown in' the illustration herewith, and using the guy wires or guide
ropes to steady the pole it is hoisted into position. See Fig. 5.

In putting two or more wires into the antenna, it is advisable to
place the adjacent wires two or more feet apart, inasmuch as nothing
is gained in the closer spacings. In very large aerials the space be-
tween the wire may be increased to four or six feet.

Many landlords do not allow radio enthusiasts to erect aerials on
their premises because they are either afraid that the building would
be in greater danger of lightning during severe thunderstorms or be-
cause many aerials on top of a large apartment house disfigure the
house.

Let us repeat here that an aerial placed upon a building does not
present any hazard whatever if the same is properly grounded. True
1t does act as a lightning arrester but that is an asset, not a detriment.
It thus prevents the house from being struck by lightning rather than
“drawing’ the current to the home. When properly grounded by
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means of a lightning arrester or a lightning switch of a design ap-
prowed by the underwriters, it prevents the accumulation of electrical
charges in the air, permitting them to pass into the ground as quickly
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as they are formed; and inasmuch as the negative

TWQ TvYPES OF
AERIAL WHICH MAY
BE USED WHERE
POLES CANNOQT BE
ERECTED.

charge must leap

to an area charged positively and in view of the fact that one of these
charges has been constantly dispersed by the action of the antenna, a
bolt of lightning will not strike the house in the vicinity of the aerial.

INDOOR
AERIAL

Fig. 7

No amount of argument will convince some owners, however, so

the amateur must devise other forms of aerials.
the difficulty.

Fig. 6 may solve
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By tying an insulator to the washline ang attaching a flexible
wire to this insulator the aerial may be drawn out through a window
and pulled back whenever desired. The landlord will not object to
this form of antenna.

The aerial may be erected indoors but presents an objectionable
appearance, Fig. 7, for this reason a single wire running around the
room above the picture molding is barely visible and with a suitable
ground fulfills its duty admirably.

A loop aerial built up as shown in Figs. 8 and 9 or the collapsi-
ble loop, Fig. 10, with sides three feet long and the wires separated
from each other by a three-quarters of an inch space, eight turns in
all being required, not only serves as a very efficient type of antenna,
but is very directive as well. For audion circuits this form of aerial
is practically unsurpassed. In the summer time when static is very
prevalent, this aerial is practically unaffected by atmospheric surges.
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The underground aerials as designed by Dr. Rogers, are likewise
unaffected by static. They are impractical for the ordinary amateur
but a diagram of the installation is given here. Fig. 11.

A buried loop is both directive and static proof.

Attachments to the regular lighting circuits, which may be
screwed into the lamp sockets in a manner similar to the attachment
plugs of electric irons or lamps may now be found upon the market.
For those whose homes are supplied with electricity this kind of an
attachment converts the wire network running through the house into
a worthy antenna. It consists of a plug which screws into the socket
of a lamp. To one side of the house circuit the lead of a condenser
is attached. The lead from the other side of the condenser is at-
tached to the aerial side of the receiving outfit. The second lead is
left open. In another form two condensers, one in series with each
side of the lightning circuit is employed. This antenna is not subject
to lightning, it uses no current whatever and may be used with
crystal receiving sets. Fig. 12.

For transmitting purposes the cage style of aerial is most efficient.
Attached to an insulator is a brass hoop five or more inches in diam-
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eter. About half a dozen wires are then equally spaced around the
hoop. See Fig. 13. These extending the distance of the aerial ter-
minate at a similar hoop at the opposite end of the aerial. Here and
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INSULATOR
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Fig. 13

there along the length of the aerial, similar, but insulating, hoops
are found. These serve the purpose of spacing the wires properly.

This aerial does not change its wavelength appreciably when it
sways in the breeze.
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BOOK NUMBER THREE

PART 1
RADIO RECEIVING APPARATUS

HE various instruments brought into play, in the receiving of

Radio messages, have been much improved upon since the then

Commendatore William Marconi sent his immortal three dots,
representing the Morse code letter “S,” across the broad Atlantic in
1901.

It will probably be the best plan, to first explain the function and
actions of a simple receiving outfit. In Fig. 1, is shown such a layout,
including the aerial, a detector D, telephone receiver R, and ground
connection G. This forms the very simplest receptor for wireless
signals possible.

"’ﬂD“ ]
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Fig. 1

The incoming oscillations induced in the aerial wire pass through
the detector and on down to earth. The detector, which in these dis-
cussions will be considered one of the crystal rectifying type, such as
the galena, tends to act as an electrolytic valve, and permits the cur-
rents coming in one direction to traverse it many times better than
currents from the opposite direction, or polarity*, and the clipping off
of the half waves or oscillations due to this phenomena. causes the
telephone receiver to have a pulsating rectified or direct current (prac-
tically) impressed upon its windings, and consequently a varying or
constantly changing magnetic pull is exerted upon the iron diaphram,
giving rise to the buzzes heard by the ear, whenever a wave train
impinges upon the aerial circuit. The high self-inductance of the re-
ceiver coils prevent the oscillations from passing through it, instead
of the detector.

* See Part II on “Detectors” in this book.
1




Such a receiving set as just described, is not capable of being
tuned to any desired wave-length, and consequently, except for cer-
tain wave-lengths or short distance work, its sphere of usefulness is
limited.

The first method applied to tune the receiving apparatus to any
desired wave-length, emploved a simple cylindrical coil of insulated
wire, made up of several hundred turns or convolutions, each turn
being insulated from its neighbor, and a sliding contact arranged to
make connection with any desired number of turns. The connection
of such a tuning coil is depicted in Fig. 2. By means of the slider
more or less of the wire can thus be readily inserted in series with
the aerial, thereby changing its wave-length to a high or low value.
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This method is not, however, very efficient for reasons to be sub-
sequently explained, and is not used any more, except for the purpose
of an extra tuning inductance, or “loading coil” in the aerial lead,
where long wave-lengths beyond the range of the regular instruments
are to be received.

The next method utilized for tuning the receiving apparatus was
that where the free end of the tuning coil is grounded or connected
to earth, as shown in Fig. 3. This scheme at once rendered the tuning
coil something more than a mere dead resistance coil in the aerial
lead. or in other words, it now became a transformer of the type com-
mercially used and known as an “auto-transformer” or mono-coil
transformer, meaning one whose primary and secondary coils were
combined into one coil, instead of the two separate windings employed
in most transformers. A two-slide tuner is shown in Fig. 4.

This tuning coil transformer action is a very important one now,
in receiving sets. and is made good use of in administering the proper
voltage and current to certain classes of detectors, some of which
require a stronger voltage than others for their proper operation.
These are usually referred to as current actuated and voltage actuated
detectors, respectively.
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The manner of varying this impressed detector voltage, in virtue
of the transforming action occurring in the three-lead tuning coil, is
due to the following reasons;

When the oscillations set up on the aerial wire pass through the
tuning inductance coil, they cause this coil to become surrounded by
an electro-magnetic field of force, which embraces all the turns oi
wire thereon. Now, if the section of the coil represented by P in Fig
3 is taken as the primary winding of the auto-transformer, and the
turns or section at S, as the secondary winding, then the voltage oi
the sccondary leads to the detector will be, as the ratio existing be-
tween the number of primary and secondary turns, 1. ¢, if the primary
were connected across 100 turns of the coil, and the secondary leads
across only 70 turns, then supposing that one volt passed through the
primary section, only seven-tenths of a volt would be taken off through
the secondary leads.

Here the transforming action is step-down, but it can also be
made step-up by simply reversing the ratios and connections of the
primary and secondary sections, as depicted in Fig. 5, in which case
it is at once perceived that the acrial slider is below the detector
slider, and consequently there arc more turns of the coil embraced
in the secondary section &, than in the primary section P. Hence
the secondary voltage impressed upon the detector, would be greater
than the primary voltage, or if the primary potential were one voit
passing through fifty turns of wire, and the secondary section took in
one hundred turns of the same coil, then the latter voltage would be
stepped up in the same proportion, or two to one, or the secondary
potential would be twice one volt or two volts. Of course, in wireless
work, the potentials obtaining in the tuning coil circuits are usually
very small, except when a high power station is in close proximity to
the station receiving.

The receiving station employing any form of a single coil tuning
inductance is called a “close-coupled” set. In the past few years, due
to certain peculiarities occurring in radio-communication, such as
static and interference currents, the two-coil or regular type of trans-
former has been widely adopted, which seems to give the greatest
clearness and sharpness in tuning, as it is possible to place the sec-
ondary coil in any relative position to the primary or aerial coil.

This type of receiving set, involving the use of a two-coil trans-
former, is termed professionally a “loose-coupled” set, as there is no




metallic electrical connection existing between the primary and sec-
ondary circuits, in other words, the coupling is therefore loose. A
standard form of a receiving “loose-coupler” or transformer is illus-
trated in Fig. G.

Receiving transformers are generally made with a primary or
outer winding of a comparatively few turns of large copper wire,

N

about No. 18 to 20 B. & S. gauge, and an inner sliding secondary coil
having many turns of fine copper wire, about No. 26 gauge, the idea
of this arrangement being to give a good step-up ratio between the
primary and secondary windings, and consequently in their voltages,
although this ratio can be varied considerably by the position of the
primary or sccondary sliders and of the secondary coil itself.

Fig. 6

It has been found, that to be the most efficient for wireless work,
which involves the use of high frequency current, the copper” wire
used on tuning coils or tuning transformers should have the lowest
possible inherent capacity. Enameled wire, which has a very high
inherent capacity, is thus unsuited for these purposes, and the best




wire is bare copper, with the individual convolutions or turns spaced
a slight distance apart, so that they do not touch and short-circuit
themselves. Double cotton covered wire is also excellent.

The action of the loose-coupler or transformer is as follows:—
Referring to Fig. 7, the incoming oscillations or currents surge along
the aerial, into the primary P winding of the transformer, and cause
an electro-magnetic field of force to be set up around it, whose lines
of force naturally embrace the adjacent secondary coil of many turns
of fine wire, and induce in it an electro-motive force which passes out
into the detector circuit.
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Tig. 7

The electro-motive force induced in the secondary winding of the
loose-coupler is dependent upon the ratio existing between the num-
ber of primary turns and number of secondary turns, i. e., if the sliders
of the primary coil are set to include 20 turns of wire, and the sec-
ondary turns in use amount to 100, then the “ratio of transformation,”
existing between the two coils is as 100:20 or 5 to 1. and the secondary
voltage would be equivalent to five times the primary voltage, the
current, however, being decreased accordingly, as the total energy
cannot be increased, only changed in its form. So if one-tenth of an
ampere at one volt pressure was the primary energy passing, and the
ratio of transformation existing is 5 to 1, then the secondary energy
would be in the form of 5 volts, and but one-fifth of the current or
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one-fifth of one-tenth ampere, which is one-fiftieth of an ampere. This
supposes that the efficiency of transformation is 100 per cent, but for
an air-core transformer of this type, the efficiency would be very much
below this figure. probably not above 5 per cent. Thus the secondary
voltage is equal to the’ calculated value as stated above, but due to
the losses in transformation the current strength is about 5 per cent
of the computed value, or 5 per cent of 1-50 ampere, which is 1-1,000
ampere. These figures are taken merely to help explain the action
taking place, and arc of course much smaller in actual radio work.

Fig. 8 Fig. 9

The reason why this class of apparatus, whether une or two-coil
type, realizes such a poor efficiency is because the electro-magnetic
lines of force must be carried through the air, instead of iron, which
has an electro-magnetic conducting power varying from 100 or more,
times that of air. Naturally only a fraction of the magnetic flux of the
primary coil reaches the sccondary coil.

Instead of having one coil sliding in and out of the other, it may
be turned at right angle so that the lines of force no longer can pass
through the center of the coil. Any degree of coupling may be ob-
tained by turning the.coil more or less. This type of loose coupler is
generally called vario coupler and is shown in Fig. 8.

Besides the familiar tuning coil and loose-coupler for receiving
purposes, there is another instrument known as a “variometer,” which
is employed extensively in modern radio sets. This instrument is
nothing more than two helices of wire, one within the other, the inner
helix being adjustable as regards its position in relation to the other
helix.

In Fig. 9 is shown the idea of the variometer. Change in wave-
length is accomplished in this instrument by rotating the movable
inner coil or helix, to a certain position in respect to the stationary
helix, this position determining the value of the self-inductance and
mutual inductance of the two coils. When the two windings run in
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the same direction, the magnetic field of each coil adds to the other,
providing maximum inductance, while, when one of the coils is turned
at 180 degrees, the fields oppose each other and the resulting in-
ductance is minimum. In any intermediate position, the value of in-
ductance in the circuit varies according to the angle at which the
movable coil is placed. The ratio of, inductance from the maximum
to the minimum position should be about 4 to 1 in a well designed
variometer.

The most important instrument, aside from the detector itself,
is the telephone receiver, serving to make intelligible to the human
ear, the various changes going on in the detector circuit, whenever
an incoming oscillation representing a signal impinges upon it. The
changes occurring in the detector circuit, due to the action of the
detector under the influence of an oscillatory high frequency current,
are infinitesimally small and minute, and naturally an instrument
which is capable of detecting and interpreting them, must of necessity
be extremely sensitive.

Fig. 10

For the purpose ot receiving signals over very short distances, it
is possible to use a low resistance telephone receiver, having a small
number of turns of wire upon its bobbias, but for serious work over
greater distances, it is necessary to employ special wireless receivers,
wound with many hundred turns of fine copper wire, and equipped
with good strong permanent magnets of the best grade of steel, such
as Tungsten or Swedish steel, coupled with a thin soft iron diaphram
of proper thickness, the air gap left between the magnet pole-faces
and it, being very short and correctly adiusted.
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A cut of a pair of head receivers widely adopted by commercial
and experimental stations, is shown at Fig. 10. For crystal circuits
a very sensitive head-set is desirable. For audion circuits and in
.receivers for loud talkers sensitivity is neither looked for or desired.
A powerful tug on the diaphram without rattler is looked for.

e

Fig. 11

The sensitiveness of a wireless receiver depends upon the correct
proportioning of its various parts; the proper strength of its perma-
nent magnets, and the number of turns of copper wire wound upon
its magnet spools, not upon haw many ohms of resistance that can
be crowded mto it. If this were the case, German silver or other
high resistance wire might as well be used on the bobbins.

The idea is to get the greatest prossible number of ampere turns =
active on the receiver magnet spools, which determines the effect of
a certain current strength upon the diaphram. By ampere-turns is
inferred the product of the amperes passing through a coil and the
number of turns of wire thereon, this determining directly the amount
of magnetic flux. in lines of force per square unit of cross-section,
which will be set up to react upon the diaphram.

The best receivers now are wound with No. 36 to 42 B. & S.
gauge silk covered capper wire. The resistance in ohms of the various
types differ greatly. the cammercial styles being wound to a resistance
of 1,600 to 3.200 ohms per pair. There were some receivers made
having a resistance per set of 10,000 ohms and more. but this very
high resistance has no material advantage over other receivers.

The telephone receivers used in radio work are known as the
watch case type. Essentially they corsist of permanent magnets,




curved in shape to fit the metal, hard rubber, fibre, bakelite or com-
position case. To the north and south ends of these magnets soft
iron pole pieces are secured. Upon these pole pieces many turns of
fine wire are wound. A diaphram is placed adjacent to the pole
pieces. Audio frequency currents passing through the coils of wire,
if passing in the proper direction increase the pull of the pole pieces
on the diaphram.

Thus if no signal is being received, a constant pull is being
exerted on the diaphram by the pole pieces and their relative perma-
nent magnets. In order to make the diaphram of the receiver vibrate
as much as possible the strength of the permanent magnets is made
much greater than that produced by the current flowing through the
windings of the coils. In this way, distortional effects are minimized
and the maximum amplitude of vibration of the diaphram for a given
amount of signal current is secured.

In Fig. 11 we see a typical radio head-sct, similar to the one
just described.

MOVABLE SOFT 1RON POLE-PIECE
- DIAPHRAGM

MICA DIAPHRAGM
\

ADJUSTMENT SCREW

CONNECTING Fig. 13
LINK _
DRPHRAGH
SOFT IKON ARMATURE
G ) Fig. 14

Another type of receiver, developed during recent years is known
as the Baldwin receiver. In this, the diaphram is not initially main-
tained under tension as in the case of the receivers described above.
It is thus more sensitive and more responsive to the pull exerted upon
it by the flux caused by the signal current. An entire absence of
pull is found only when the receiver is being used with crystal de-
tectors, but the pull, when used in circuits employing vacuum tubes
or detectors equipped with a polarizing battery is very slight and
may be practically disregarded. In this receiver, when no signal is
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being received, the armature is balanced in a neutral position (both
sides of the armature being acted on in the same direction, by the
flux from the permanent magnets, no pull is consequently exerted on
the w.ca diaphram, with which this receiver is equipped. When
curreni passes throngh the recciver winding, the flux produced com-
bines with the permanent flux and the subsequent asymmetrical dis-
tribution of flux, causes a pull to he exerted on the armature and
thence via a thin wire, to the diaphram.

Due to the low reluctances of the magnetic circuit the receiver
responds powerfully to very weak currents. The armature acts
similarly to a lever. a force being exerted at either end and is then
transmitted to the diaphram. The diagram of this type of receiver is
shown in Fig. 12.

Another style of receiver is the one in which the distance of the
pole pieces are varied with relation to the diaphram by means of a
thumb screw passing out through the shell of the receiver. This
adjustable pole picce receiver is shown in Fig. 13. It possesses the
advantage of permitting the pole pieces to be drawn away from the
diaphram when strong signals are being received, climinating, in
this manner rattling or buzzing diaphrams due to their striking the
pole picces while vibrating. At the same time the pole pieces can
be brought quite close to the diaphram, making weaker signals more
audible.

Still another form of receiver is the Tripole Receiver. In this,
the permanent magnet is U shaped and so magnetized that the two
arms of the U have the same polarity and the center pole of the
magnet, coming as it does from the lowermost portion of the U is
magnetized oppositely. The wire is wound around this center pole.
The receiver cords of the instrument are marked (4) and (=), in-
dicating which of the leads is to go to the positive side of the battery
and which to the negative. This is good practice. If the receivers
are connected into the circuit so that curreunt passing through them
tends to increase the strength of the permanent magnets, the life of
the reccivers is materially increased. For this reason the jack and
plug serves a distinct purpose in that once the phones are connected
to the jack, errors in connecting them to the vacuum tube receiving
set after they have been disconnected are not likely to occur. The
arrangement of the receiver is shown in Fig. 11.

We could name countless types of telephone receivers differing
in some respect or other, but the reader is for the present left with
this brief description so that the other important phases of radio
communication may be considered.*

We will now study the functions of other instruments used to
receive radio waves, ’

To begin with, the diagram, Fig. 15, shows the use of a variable
condenser, in connection with a loose-coupler, a detector and a pair
of receivers.

*For collateral reading the student is referred to a book such as the “How
and Why of Radio Apparatus,” by H. Winfield Secor. This contains information
regarding other types of receivers.
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There are more different types and designs of condensers than
one can easily keep in mind; but they are all the same elementally,
irrespective of their outward appearance. Likewise, in a sense they
all serve the same purpose: namely, to accumulate (“condense”) and
release electrical energy, but the ends to which they serve differ
greatly. In any standard receiving set there are fixed and variable
condensers. Some are used for tuning, some to by-pass electrical
energy and others to block electrical energy. There are many other
purposes which they can service in a receiving set and its attendant
devices.

The importance of condensers is not fully appreciated by the
average radio student. \Without them, radio would be a hopeless
aftair. Many of the successful radio circuits and many of the new
radio devices, such as “B” eliminators, are reliant more on condensers
than on any other part.

In order to gain a satisfactory conception of the value of con-
densers and the ways in which they can be used, one must have some
understanding as to how they function.

/7
/4 L =1
—_
= Fig. 15

Basically, a condenser consists of nothing more than two electrical
conductors insulated irom each other. 1f we take two metal plates and
bring them close to each other, we have formed an electrical con-
denser. If we move the two plates towards or away from each other
the capacity of the unit is altered. The nearer the plates are to each
other, the greater is the capacity. and vice versa.

The unit of capacity is the farad. Since this value is too large
for practical purposes we emplov the more convenient terms micro-
farad (abbreviated as mif. or mid.) and micro-microfarad (abbrevi-
ated as mmf. or mmfd.). The first is one thousandth of a farad, and
the second the thousandth part of a microfarad. All condensers em-
ployed in radio have capacities which can be stated conveniently in
one or the other of the above units.

The capacity of a condenser is determined by a number of fac-
tors. These factors are: the total surface area of the two conductors,
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the distance between the two conductors, and the nature of the in-
sulation between the conductors, which is called the dielectric. l.et
us take an example: assume a condenser of two plates, each three
square inches in area, with an air space between them of ¥4 in. If
we increase the area of Dboth plates to six square inches, the capacity
of the condenser is doubled. If we decrease the air space hetween
the plates to 1% in. the capacity takes a big jump—iour times; for
the capacity of any condenser varies inversely with the square of the
distance between the two conductors.

o

Fig. 16

The capacity can be further increased if the nature of the dielectric
or insulation is changed. If instead of air as the dielectric, we use,
say, castor oil so that it fills up all the space between the two con-
ductors, the capacity of the condenser will have increased nearly
five times. The amount of increase in capacity in this instance is
dependent on the dielectric constant of the medium employed, which
is expressed on a comparative basis. Air is the standard, and is
considered to have a dielectric constant of 1. The constant of castor
oil is 4.7, of good mica 5.7 and of paraffin, 2. If paraffin was used in
place of air the capacity would be exactly doubled.

In order to produce the necessary capacities for radio work, series
of small metal plates or slicets, spaced one above the other, are used
so that the size of the condenser will not be too large. 1n other words,

Fig. 17

instead of using two very large plates to get the required surface we
pile up a batch of small ones, the alternate plates being connected to-
gether. Thus, a fixed condenser must consist of six small sheets of

-~




13

foil with mica between sheets. The first, third and fifth sheets, con-
nected together, would constitute one conductor; and the second,
fourth and sixth sheets, also connected together, the other, the five
sections of mica being the dielectric.

Dry air is the most satisfactory dielectric, as it introduces no seri-
ous losses. Other forms of dielectric, such as hard-rubber, mica,
paraffin, paper, etc., present higher leakage paths than air, and also

Fig. 18

introduce “hysteresis” losses. It is for this reason that air is employed
as the dielectric in most variable condensers designed for use in re-
ceiving circuits. Fixed condensers employ either mica or paraffin
paper, as the losses brought about by their use are not very high. com-
paratively. The main point, however, is the reduction in size made

Fig. 19

possible by the use of a dielectric with a high constant, which allows
extremely small spacing between conductors. Furthermore, it is not
<o important to keep down the losses in fixed condensers as it is in
variable condensers. In most cases fixed condensers are not connected
in the “vital points” of a receiving circuit.
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A condenser can be likened to a water tank. We can charge a
condenser with electricity, just as we can pour water into a tank. The

Fig. 20 Fig. 21

amount of electricity a condenser can hold is dependent on its capacity.
The amount of water a tank can hold depends on its size. When a
condenser is connected in a working circuit and becomes fully charged,
that is. filled to capacity, it will automatically discharge its entire con-
tents through an attached circuit. \When it is empty it will start

Fig., 23

charging again. The number of times a condenser will charge and
discharge each second depends on its capacity and on the frequency
of the current flowing in the circuit containing it. It is obvious that
it takes a condenser of large capacity longer to charge than one of
small capacity. Consequently, it will discharge at a slower rate than
a small one. The capacity of a condenser has a great deal to do with
its reactance, or resistance to currents. A condenser of small capacity
offers high resistance or reactance to alternating currents of low ire-
quency, but as the frequency of the current increases the reactance of
the condenser decreases.

Right here is supplied the missing link in the explanation. It
will be noted that the reactance of any condenser increases as the
frequency of the alternating current is lowered. If we continue to
lower the frequency, until it alternates only once every minute or so,
the reactance of the condenser to it is practically infinite. \When the
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current ceases to alternate, or becomes direct current, the reactance
of the condenser is infinite and no current can flow through it. It be-
comes a Dlocking device. The answer is, then, that a direct current
cannot pass through a condenser. but an alternating current can. ‘| he

FSON OF e TRNEL

cOMDENSE RS

3

”

OIFFERENCE BETWELN DIAL READINGS

%

Fig. 24

KEADING OF FIRST OIAL

amount of alternating current that can pass depends on its own fre-
quency and the capacity of the condenser. These characteristics of a
condenser are important.

It might be well to explain here just how important variable con-
densers are in a radio circuit. The chief property of a coil used in
a receiver is inductance, and it is this property, together with the
capacity of the condenser, that makes it possible for us to vary the
frequency of our receiving circuits and so “tune-in” one station after
another.

¢ g
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Circular plate condenser. Straight-line frequsncy
ccndenser.
I'ig. 25

In order to change the pomnt of resonance of a circuit (at which
it responds to a station’s carrier wave) from one frequency to another,
if the inductance is fixed, then the capacity must be capable of being
varied. It is thus that turning the dials of the tuning condensers in
our sets adjusts them to receive the desired signals; each variation
in the capacity of the condenser “tuning” its coil to a different fre-
quency, or wavelength.

There is a condenser for every purpose. The illustration of Fig. 16
shows a batch of ordinary fixed condensers employed in receiving cir-
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cuits as grid-condensers, by-pass condensers, blocking condensers,
fixed balancing condensers, etc. They are made in many different
capacity values, ranging from .00004+ mid. (40 mmfd.) o about .01 mfd.
(10,000 mmfd.). Those shown underneath are designed specifically

Fig. 26

for use as grid-condensers, and have clips on them for the grid leaks.
Their capacity value in most every case is .00025 mfd. which is the
size usually employed for this purpose.

TFixed condensers of larger capacity, from 0.1 mfd. to about 2.0
mfd., are naturally of greater size. They are emploved primarily as
by-pass condensers in radio and audio frequency circuits, as blocking
condensers in resistance and impedance coupled audio frequency am-
plifiers, and sometimes as filter condensers in tone filter circuits. A
number of different makes are shown in Fig. 17.

Two condenser-bank units, containing all the capacities necessary
for a “B” eliminator filter-network, are shown in Fig. 18. These con-
densers are also capable of withstanding very high voltages without
breaking down.

“Vernier” condensers are nothing more than very small variable
condensers, and are valuable in any receiving circuit requiring very
fine tuning. They are often emploved in connection with tandem or
gang variable condensers as a means for making up for any discrep-
ancy in capacity between two of the sections. Like the adjustable
condensers. they may also be employed for the purpose of balancing
radio-frequency or regenerative circuits. A number of these con-
densers is shown in Fig. 19,

There are four types of variable tuning condensers: the straight-
line-capacity. the straight-line-wavelength, the straight-line-frequency
and the straight-line-tuning, which is an evolution from the other
forms. The straight-line-capacity variable condenser gives a com-
paratively uniform increase in capacity as the rotor plates are turned
and intermesh with the stator plates. A condenser of this type. used
for tuning purposes in a receiving circuit, does not give a uniform
increase in wavelength as the dial is turned from zero to maximum.

ar
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The straight-line-wavelength condensc (Figs. 20 and 21) does
not give a uniform increase in capacity when varied, but does give a
uniform increase in wavelength. In other words, the wavelength to
which the set is tuned will increase so much for a definite number of
degrees on the condenser dial, throughout the entire scale. With a
straight-line-capacity condenser it may take only one degree on the
lower part of the dial to make a 10 meter change, but five or ten de-
grees on the upper part of the dial for the same change.

The straight-line-irequency condenser (see Figs. 22 and 23) as
the name implies, gives a uniform increase or decrease in frequency,
so that every degree on the dial will represent a definite change, say of
10 kilocycles. Tigs. 24 and 25 show graphs and typical dial settings

Fig. 28

of three different types of condensers for comparison. The straight-
line-tuning condenser (see Figs. 26 and 27) has several advantages
of both the S.L.\W. and S.L.F. condensers. It provides for a more
evenly-spaced distribution of stations throughout the dial readings,
and does not tend to bunch them at any one band of wave-lengths or
frequencies.

A gang or tandem condenser (see Fig. 28) is designed for use
in receiving circuits where it is desirable to group two or more stages
of tuned-radio-frequency amplification under a single control. Manu-
facturing developments have made possible producing accurately-
graded condensers of this type. The discrepancy in capacity between
the units, from zero to maximum, is usually so small that it can be
disregarded in most cases.




PART 1I
THE DETECTORS

HE most vital instrument in the receiving set is the detector,
though this instrument is largely dependent on the efficiency of
the telephone receiver for the results.

The student will recall that we have stated in previous lessons
the fact that energy radiated from wireless transmitting instruments is
in the form of alternating current of extremely high frequency. Now,
the student will logically suppose that.an instrument could be in-
serted in the aerial circuit between the aerial and the ground, and
that the current would operate this instrument so that an indication
of passing current could be obtained. But, a galvanometer cannot be
made to indicate such high frequency current since the pointer would
have to move with the same rapidity as the periodic changes in the
oscillations, and the results would be that the moving parts in the
galvanometer would remain stationary, being unable to follow the
rapid motion. The same results apply to the telephone receiver,
since the diaphram cannot follow the rapid alterations of the received
energy. Furthermore, in the case of a telephone receiver, on account
of the large self-induction of the instrument, the high frequency volt-
age generated by the waves would produce in a circuit containing a
telephone receiver only extremely weak currents. It is therefore
obvious that an instrument must be resorted to, in order to transform
this high frequency current so as to make it operative on the telephone
receiver.

Such an instrument is known as a detector, and the various types
of these detectors operating on a different principle are classified as
follows :—

Coherers; Magnetic; Thermal; Crystal Rectifiers; Electrolytic,
and Vacuum detectors.

We will first consider the coherer type, which has already been
described in an earlier lesson. The coherer exists in various forms,
the most widely known form being the filings coherer, originally
employed by Marconi. Such a coherer is no longer employed com-
mercially, and is only used to demonstrate the principles of wireless
telegraphy to an audience. This detector is extremely unreliable. and
must be continuously adjusted. If a loud signal is suddenly received
by the coherer, it will cause it to “jam,” by which is meant that the
fine filings will become burnt and permanently connected together,
o that the coherer no longer is operative to signals, and must be re-
placed by a new one. The coherer having a multitude of disad-
vantages, was quickly abandoned for detectors offering better charac-
teristics.

Another type of coherer which does not employ the filings, is
the Branly-Popoff detector, which consists of threc oxidized-steel
pointed rods in the form of a tripod, resting on a steel plate. The
connections are similar to those of the coherer, the detector being
connected in series to a relay through a dry cell. The signals cause
the small steel rods to cohere more firmly to the steel plate, in such
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a manner that the resistance of the oxide is broken down and allows

the current from the battery to flow through the relay magnets. The

relay operates a magnetic device which tilts the tripod arrangement
of the small rods, and restores the originally high resistance. -

A relay for electrical purposes consists usually of a pair of electro-
magnets arranged with an armature or moving contact bar in front
of their pole pieces, this contact bar being normally held away from
the magnet poles by a spiral spring and whenever a current passes
through the electro-magnet coils, the armature bar is attracted and
its contact closes an electrical circuit by coming in contact with the
stationary electrode. As soon as the current ceases to flow through
the magnet windings, the armature bar is released and the contact
broken.

Fig. 1

Another form of coherer is known as the auto-coherer, which
consists of a small glass tube filled with carbon grains. On both
sides of the grains, plugs of brass which have been silver-plated to
increase the conductivity are inserted. In some instances, iron or
carbon plugs are used, though it is largely a matter of choice. Fig. 1
illustrates the auto-coherer, and it might be interesting to add that
this was the type of detector employed by Marconi when he received
the first signals transmitted across the Atlantic Ocean at St. John in
1903. The auto-coherer, contrary to the types of coherers described

thus far, does not operate a relay, inasmuch as the drop in resistance
is too slight, but it is used in connection with one dry cell connected
to a low resistance telephone receiver of but 75 ohms. High re-
sistance telephones are of little value in connection with this detector,
since the drop in voltage of the detector is amply sufficient to operate
a low resistance receiver. The signals are exceedingly loud, though
the disadvantage exists that the detector is microphonic in action,
and all sounds in the room or on the operating table will be plainly
heard in the telephone receiver. Fig. 2 illustrates the connections
employed in the telephone circuit of this detector, a potentiometer
may be added in order to allow for a better adjustment of the voltage,
though this may be dispensed with if desired. The auto-coherer is
but little used except by lecturers who desire to illustrate the prin-
ciples of radio communication,
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The erratic behavior of the coherer led Marconi to develop and
perfect his magnetic detector which was based on the results of ex-
periments by Rutherford and other scientists. This detector is shown
in Fig 3. It consists of a band made of a few insulated soft iron
wires passing over two small discs revolved by clock work. In this
manner the band continually passes in front of the poles of two small
horseshoe magnets arranged as shown in the diagram. The band
passes through a small glass tube in front of the magnet; on this
is wound two coils, one being connected in the aerial circuit or in
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Fig. 2

the secondary of a loose coupler, the other coil being connected to
the telephone receivers as shown. The action of this detector is very
simple; as the iron wires pass in front of the magnets they become
magnetized; their magnetic condition depending upon the arrange-
ment of the magnets. When iron or steel is magnetized it does not
lose all its magnetism immediately if the magnetizing force is re-
moved. This retention of magnetism depends in amount on the
quality of the iron and is due to what is called magnetic hysteresis.
Thus the portion of the iron band passing away from the front of the
magnets retains some magnetism but when the incoming signals set
up oscillation in the receiving circuit these oscillating currents have
the effect of suddenly diminishing the number of magnetic lines in
the band. Since the magnetism of the wire forming an iron core
inside of the coils is suddenly reduced a current is induced into the
coil connected to the telephone, thus producing a sound in the phones
which corresponds to the incoming signals. This detector was very
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reliable and was almoust universally used for all ship stations until
more sensitive devices came into use.

The electrolytic detector functions on the same principle as the
electrolytic rectitier used extensively today for transforming alternat-
ing current into direct current. It is based on the fullowing action:
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FIG.3 7

If a current of electricity is passed by means of two electrodes through
water diluted with sulphuric acid. hydrogen and oxygen gases are
set free, the oxygen being deposited on the positive electrode called
anode and the hydrogen deposited on the negative called kathode.
Since oxygen is a very active gas the positive plate should be of
material such as platinum which the oxygen cannot attack. This
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action ot a current of electricity is called electrolytic action. When
the plates are coated with gas hubbles they are said to be polarized.
This polarization not only increases the resistance of the circuit but
also sets up a difference of potential between the plates which acts
in the opposite direction to the applied voltage and has a value of
almost 1.5 volts. Therefore when polarization takes place the cur-

TFig. 5

rents flowing in the circuit is reduced and if the applied voltage is
adjusted so as to be about equal to the voltage sct up by polarization
the current is reduced to almost zero value.

For detecting small clectrical oscillations only a very small elec-
trolytic cell is necessary, one plate of which consists of an extremely
fine platinum wire sealed in a small glass tube. See Fig. 4. The
platinum wire is cut off exactly to the same level as the surface of
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the glass tip so that only its section is in contact with the electtolyte.
The other electrode may be a piece of silver wire or a drop of mercury
connected to the other terminal of the cell, both of the electrodes
being in a solution of water and sulphuric acid. The polarizing volt-
age is obtained by means of a small battery and a potentiometer which
permits a fine adjustment. Under these conditions a current will
flow in the circuit but immediately polarizes the small platinum point.
If the polarizing potential is properly adjusted no sound is heard in
the telephone when no signals are received but as soon as signals are
received oscillations are applied to the electrolytic detector and half
of each of thesc oscillations will be rectified since the current can
only pass in one direction depolarizing the platinum electrode and
letting the current pass through the telephone receivers. This type
of detector is not used any more today but was considered one of the
best in the early days of radio.

Under the crystal rectifier type we find the many different de-
tectors employed in present day systems. The term “crystal recti-
fier” was suggested by Dr. George \V. Pierce of Harvard University,
in place of the cognomen formerly employed to signify certain de-
tectors possessing the electrolytic” valve or rectifying action, these
having been known at one time as “thermo clectric” detectors due to
their action not being fully understood.

D
e

—P
—0 o0—vo-—_34
SWITGCH

Fig. 6

The crystal rectifying detector, which may consist of a proper
crystal or set of crystals of mineral formation, when placed in a wire-
less receptive circuit possesses the phenomenon of passing a current
in one direction many times better than in the other. Hence, when
an oscillating or alternating current such as that which surges on an
aerial circuit passes through the detector, the rectifying action is set
up and results in the produced pulsating direct current acting on the
telephone receivers. These pulsations of current flowing in the
telephone receivers cause the diaphrams to be alternately attracted
and released giving rise to the familiar buzzing sound by which the
signals or voices are heard. It will thus be noticed by the student
that the alternating current of the high frequency waves flowing
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through the receiving circuit, is rectified so that all the same polarity
impulses are caused to flow through the telephones, while the other
polarity impulses flow through the ground. In this manner the tele-
phone receivers operate on direct current of a pulsating nature. re-
sulting in the aforesaid buzzing sound. The property of these crystals
to allow current to flow through in one direction often is as marked
as 400 to 1, i. e., negative or positive impulses, as the case may be,
will flow through 400 times easier in one direction than in the other,
thus allowing the telephone receivers to operate practically on direct

current. L g
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The galena or silicon detector is the most popular type of crystal
rectifier used today. The latter employs a piece of the artificial prod-
uct known as fused silicon, which is manufactured in the clectrical
furnaces at Niagara Falls. Silicon is a black or sometimes grayish
material, very hard and brittle, and resembles coal. It has a bright
silver lustre, especially after being broken and exposing a fresh
surface.

Silicon is usually placed in a metal cup or special clamp. 1f used
in the former, a solder or other metal alloy melting at a low tempera-
ture is employed to hold the crystal in place and to make contact
with same. Woods Metal, which can be purchased at any chemical
supply house, is the most popular material, since it melts at an ex-
ceedingly low temperature. The use of this material greatly im-
proves the sensitiveness of the crystal, since the heating which would
be applied to the solder if same were used to hold the crystal, is
eliminated. Solder should not be used if possible. for it causes the
crystal to lose its sensitiveness to a great cxtent.

A very popular mineral detector is shown in the illustration of
Fig. 5, in which the material is held in the square metal cup. A switch
on the base places either of the two detectors into the circuit. The
square cup is itself held quite rigidly on the hase but may be orien-

Fig. 7
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tated by adjusting the two thumb screws which shift its position. A
light tension can be produced between the crystal member and the
upper pointed wire contact. This contact is also arranged on a spring
whicn ‘may be varied by the hard rubber knob adjustment screw,
allowing the tension at the contact point to be varied at will. In

utilizing this detector for other crystals a different standard will be ‘

found mounted on the same base.

In the foregoing example the student has been introduced to the
most popular type of mineral detector, but there are other profes-
sional types in which the relative position of the crystal and the
contact points may also be very accurately and positively adjusted.
The contact point in the ordinary detector is generally of brass or
bronze, but it has been ascertained that generally the best results are
obtainable when the metallic contact resting on the silicon is of gold.
For this purpose, the student may employ a gold stick pin, which will
be found to give excellent results. Steel needles are also found to
give good results, and fine copper wire, resting gently on the crystal,
is also very effective.

Telephone receivers used with crystal detectors should be of high
resistance. For the best results, telephone receivers of at least 2,000
ohms per pair should be used, and slightly higher resistance windings
are in some instances found to be even better.,

Crystal detectors are subject to disadvantages, the most impor-
tant of which is the fact that if a nearby station is sending when the
detector is being used, the sensitiveness will be destroyed. This is
probably caused by the fact that the heat of the oscillations passing
through the contact of the detector causes an oxidizing effect, which
interferes with the proper action. All crystal detectors aside from
the pyron detector, which will be shortly described, and the carborun-
dum type, are subject to this disadvantage on the passing of heavy
high frequency current such as that of the home station or nearby
transmitters. If the detector is short-circuited, as shown in the Fig.
6, or better still, arranged with a pole-changing switch so that the
leads may be completely disconnected and the detector itself short-
circuited, as illustrated in Fig. 7, the sensitiveness can be preserved
while transmitting. No battery is necessary with silicon detectors,
but is sometimes used, the negative pole connecting to the silicon.

The Pyron detector, which was developed by G. W. Pickard of
Amesbury, Mass,, and patented by him, is somewhat similar to the
silicon type in form excepting that the upper tension spring carrying
the pointed contact is wide and massive, its adjusting screw being of
a very fine thread. The pyron crystal is iron pyrites, the former name
being the trade name under which the detector is known. Its upper
face 1s highly polished and the detector, while combining high sensi-
tiveness with other numerous features, has the very important merit
of withstanding heavy nearby discharges without being knocked out
of adjustment, and for this reason was much in use in the United
States Navy, on battleships.

Another type of crystal detector which has been developed by
G. W. Pickard and is guarded with patent rights, is the Perikon de-
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tector. This detector consists of two crystals, copper pyrites and
zincite, held in firm contact against each other. The mounting of
these two crystals is exceedingly clever, the copper pyrites crystal
being mounted in a cup .on a rod which is so arranged that it can be
swung in all directions and contact with any portion of the crystals
can be obtained. The zincite crystals are in turn mounted in a'large
cup; usually a number of these being used. The two crystal surfaces

A Few Types of Crystal Detectors
Fig. 8

are brought into a firm contact by means of a spring the tension of
which can also be varied. The Perikon detector is probably the most
sensitive of the crystal rectifying types, though this 1s largely a matter
of opinion. The authors, after extensive experiments, have found that
Galena, if used according to the method advocated by them and ex-
plained in a later description, is probably the most sensitive of the
crystal detectors, more so than the Perikon. The Perikon detector
is illustrated in Fig. 8, and was formerly used in the Navy and Army
wireless stations as well as in the better commercial stations. Its
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ease of adjustment made this aetector one of the most popular, and
it produces a sharp clear sound in the telephone receivers. "T'he nearby
stations also effect its adjustment as in the instance of the silicon de-
tector. To overcome the effect of the strong oscillations, the Perikon
detector has lately been placed in a small pool of oil, so that oxidiza-
tion of the elements, either by the natural action of the atmosphere,
or the more rapid effect of strong signals, are reduced to a minimum.
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Fig. 9

It is well to state that galena and silicon are also used in the same
manner, and in fact the covering of these detectors with dust-proot
covers has for years been employed. Such precautions prevent the
oxidization of the crystals to a great extent, and the abscnce of the
dust renders the sensitiveness much greater. No battery current is
employed with Perikon detectors, the same wiring scheme being used
for all other crystal dectectors. If battery current is sometimes used,



21

the voltage is very low and regulated by a potentiometer. The
polarity of this current must be such that the positive line is con-
nected to the copper pyrites.

Galena is a mineral crystal of lead, and is obtained from mines
practically the world over. The crystals resemble a bluish or grayish
colored substance, which when broken forms into straight surfaces or
cubes. These surfaces have a bright mirror finish. Good galena,
more so than silicon or the other crystals, has the great disadvantage
of being difficult to obtain for use in wircless telegraphy, inasmuch as
some pieces may be very sensitive, while other pieces will be of little
use. In fact, picces taken from the same large piece, will he entirely
different, one probably very sensitive, and the other of no use at all.
However, by buying ecither selected crystals, or large single picces
which can be broken into a number of smaller ones, it is possible to
obtain several good specimens.

The authors have performed numerous experiments with galena,
and have stated that it is the most sensitive of the crystal detectors
if correctly used. Galena cannot be employed between two flat discs,
for the broad surface contact in this case does not allow the rectify-
ing valve effect to be marked. For this reason. fine contact of little
surface should be used.

In the experiments the contact materials of various types were
tried. German silver has been found to have remarkable advantages,
and was used with success for long distance receiving. Steel needles
do not give such good results. The sensitiveness of galena was found
to be entirely destroyed by the heating of the solder in which it was
placed, and for this reason solder was entirely abandoned. Clips to
hold the crystal have been advocated and are today used in some
crystal receiving sets, The most satisfactory contact arrangement
was found to be a fine wire of about No. 30 B. & S.. bare copper,
resting lightly on the surface of the galena crystal. This fine wire
is usually called “cat’s whisker.”

Molybdenite is another mineral which consists of many layers
compressed together. These layers can be taken apart and resemble
lead foil. Molybdenite is usually employed between flat contact sur-
faces. It can also be used with a point, but owing to its softness, a
point is not convenient. The great characteristic of Molyhdenite is
that it can withstand the passage of powerful electrical oscillations
without being materially effected in adjustment. It is, however, little
used, inasmuch as the sensitiveness is very low.

One of the most popular types which was universally used in
commercial stations throngh the fact that it withstood powerful oscil-
lating currents, was the Carborundum detector. This detector is em-
ployed with battery current regulated by an adjustable resistance, the
voltage being from 1 to 1.2 volts as found by G. \V. Pickard. Car-
borundum is a product of the electrical furnaces, created at a tem-
perature of 7.000 degrees F. and is a combination of salt, sand, saw-
dust, and coke. It is an exceedingly hard crystal. When employed
in a detector, the student will discover that the results will be better
if the lengthwise section of the crystals is used. The blue colored
crystals will be found to be the best, though green colored crystals
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arc claimed to be superior to any. The poorest quality are those vary-
ing from a black to a gray color. This detector may be used in the
same wiring diagram as that of the clectrolytic detector.

Aside from crystal detectors, the next class is found under the
thermo-electric detectors. These operate on the well known principle
of thermo-clectric couples in which heat applied or developed at the
junction of certain different metals establishes an electro-motive
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force. Incoming oscillations disturb this current and produce varia-
tions thereof which are perceptible in the telephone receivers.

In Figs. 9 and 10 are shown some suitable circuits to be used with
crystal detectors. One of the devices shown is a two slide tuning
coil while the other is a loose coupler which permits greater selectivity
to be had. These tuning instruments are described in detail in an-
other lesson.

The vacuum tube detectors will be described in the next pari.




PART 111
THE VACUUM TUBE AS A DETECTUR

N our study of the various detectors employed in radio communica-

I tion, we now reach the most important and useful of all—that is

the Vacuum Tube. The term Vacuum tube has become quite

general and popular, but other names are often employed and

{Lese sometimes confuse the amateur who wonders whether each
name refers to a distinct and separate instrument.

So if you read or hear of such names as audion, vacuum valve,
oscillion, pliotron, audiotron, you will know that these are in some
cases pet names given by certain investigators while in other cases
they are trade names employed by manufacturers to distinguish their
own particular product from that of others. We, on the other hand,

A Group of Modern Receiving and Transmitting Vacuum Tubes

shall refer to this wonderful lamp as the Vacuum Tube, exclusively,
which is often abbreviated to simply V.T.

It may be said that the entry of the Vacuum Tube has done more
for the rapid advance of radio communication than any other given
instrument. Not only that, but 1t is capable of performing more func-
tions than any other electrical device. Its main and most important
uses are for the three big factors in the radio of today, which are:
Detection and rectification, amplification of signals, generation of
oscillations. Then, too, new applications of the vacuum tube are
gradually being made so that possibilities of further development are
certainly promising.

The vacuum tube as it is in its present form, is the result of the
work carried on by many scientists. Back in 1884, that great American

29
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inventor, Thomas Alva Edison, took one of his incandescent lamps
and observed that when the filament was heated to a white glow, a
very small electric current could be made to flow between the filament
to a cold plate closely adjoining it in one direction only. lle called
his device an "Electrical Indicator’” and later it was named the Edison
valve. Years aiterward. Dr. J. A. Fleming of Iingland applied the
“Edison effect” to radio telegraphy for the first time. and he called
his device the Oscillation Valve. This scientist was the first to apply
the emission of electrons from heated filaments for the detection and
rectification of radio frequency oscillations in a radio telegraph re-
ceiving system.
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An Electron is the smallest particle of matter known to science,
and it is supposed to carry the smallest possible charge of negative
electricity on its travel from one body to another. In other words
electrons really consist of very small amounts of negative electricity.
In the case of Vacuum Tubes, electrons act as carriers of electricity
between the filament and the plate which are separated from each
other and placed in a vacuum.

Fig. 1 shows what takes place within the inside of a Vacuum
Tube of the Fleming two-element type. By two-element we mean
the kind which employ simply a filament and a plate. The three-ele-
ment vacuum tube is the one employing filament, plate and grid,
which we shall describe later.

Referring again to Fig. 1, as soon as the filament of any electric
incandescent lamp is heated to a red or white heat the filament im-
mediately begins to emit or throw out electrons in a very rapid man-
ner and in all directions. In the case of an ordinary lamp, the elec-
trons simply hit the sides of the glass bulb and if we connect a set
of dry batteries between the filament and plate so that the negative
pole of the battery is connected to the negative side of the filament
and the positive pole to this metal plate, the negative electrons will
be greatly attracted to the plate because it is of a positive polarity.
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If the plate be made negative instead, the electrons will be repelled
and will try to find other landing places. It is simply a matter of likes
attract unlikes, but repel likes as in the case of the permanent horse-
shoe magnets with their north and south poles which you have often
played with.

In Fig. 2, we have a simple form of the original oscillation
valve used by Dr. Fleming, and called the Fleming Valve. F is a
filament heated to incandescence by the battery A, the current of
which is controlled by the rheostat R. If we connect a battery of
cells between the negative side of the filament F and the plate P so
that the positive side of this second battery is connected to the plate,
we will find if we introduce a sensitive current meter such as the
milliammeter M.A. (which will respond to the thousandth part of an
ampere) that a small amount of current is capable of passing through
the space separating the filament and the plate in one direction only,
that is from the plate to the filament and this small current will
register upon the milliammeter. On the other hand, if the polarity
of this battery is reversed, i. e., if the plate side is made negative in-
stead of positive, we will find that no current can pass through the
system.

Y ,
{Illilmw

1 FIG.S

s

NANNANA
FiG.4

This action means that we have a rectifier at our disposal becanse
if we substitute an alternating current for the battery B as in Fig. 3,
we will find that only one-hali of a cycle, the positive side, will pass
through, while the other half of the cycle (the negative side) will be
unable to pass. Fig. 4 illustrates this action where the upper graph
A is seen five cycles of alternating current that is constantly chang-
ing from positive to negative as it travels along a circuit, and
which is the sort of electricity furnished by the A.C. generator of Fig.
3. Graph B of Fig. 4, on the other hand, shows what happens to the
A.C. (alternating current) when it passes through the Fleming Valve
rectifier. Only one-half of the five cycles remains—the positive half.
As for the negative half it is not present. Thus. we have the same
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rectifying action of the valve and fhis same rectifying principle is
employed to rectify the incoming oscillations of a radio telegraph
receiving system.

Since, in order to receive radio waves, it is necessary to first
rectify their A.C. nature into a pulsating D.C. (direct current) which
will operate the telephone receivers and cause a sound to be heard, the
Fleming Valve may be used as a detector on account of the rectifying
action we have just mentioned.

Fig. 5, therefore, shows this two-element vacuum tube being used
as a detector of radio oscillations. Although this circuit is a very
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elementary one, it will function fairly well. In some cases, however,
an additional set of batteries are used in the plate circuit with better
results. The action of this circuit is a rectifying one; that is to say
the incoming radio oscillations which represent the signals are recti-
fied where but one-half of their alternations (that is their positive
side) is permitted to pass through to the filament circuit and thence
to the phones as previously mentioned in the graphs of Fig. 4.

After years of experiments, Dr. Lee deForest produced a valve
similar to the Fleming valve but in which a third electrode was
mounted (the three-electrode tube). This electrode placed between
the filament and the plate is known as the grid, and is composed of a
little solenoid surrounding the filament as shown in Fig. 6. It is
sometimes made in the shape of a ladder placed on both sides of the
filament as in certain transmitting tubes, but its role is the same in
all cases,
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Now to study the functioning of the three electrode vacuum
tubes, we will use the diagram shown in Fig. 7. As already explained,
a plate-filament circuit is secured by the electrons traveling from the
filament to the plate, since they are attracted by the plate positively
charged; and allows the current from the battery B to flow in this
circuit from the plate to the filament as in Fig. 8. Thus the electrons
act as a conductor. If we connect the grid to the common point 0
including in the circuit a battery and a milliammeter, as in Fig. 8,
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it will be seen that a current flows in the grid circuit because a certain
number of electrons are stopped by the positively charged grid and
allows the current of the battery B to flow in the circuit, in which
case we have a grid-filament current.

Now, if we change the polarity of the grid, what will happen?
In Fig. 9 the flow of electrons from the filament, when the grid is
negative is repulsed, for in this case the electrons are negatively
charged since we know that two polarities of the same nature repulse
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one another. Therefore, the current from the plate, having no elec-
tronic support to travel on. is then quite suddenly stopped.

One can understand from this explanation that the grid acts as
an automatic interrupter, but since no mechanical parts are to be
moved it has no inertia, and it can therefore open and close the circuit
of the plate a tremendous number of times per second.

By properly connecting a three electrode vacuum tube in a re-
ceiving circuit, it may be used as a detector which is of the most sen-
sitive type. e shall therefore explain its functioning as a detector.

v FIG10
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Since we know that changing the polarity of the grid from posi-
tive to negative opens and closes the plate circuit, we can easily
accomplish this by means of the alternating current received in an
aerial, as shown in Fig. 10, and at the same time rectify this current
for reception purposes,

+
Incorning  oscillations
+
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Grid circuit current
+
6rid voltage
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- lelephone current
(average plate current)

Fig.

The receiving set which employs a crystal detector and a tele-
phone receiver has been described in'a former lesson and reasons were
given, why a telephcie cannot respond to radio frequency oscillations.
In order to make the vacuum tube function properly at all times as a
rectifier of oscillations, you must introduce additional and necessary
appliances in the grid circuit. These are the grid condenser and the
grid leak which you no doubt have already heard of. In the case of
Fig. 10, when no oscillations are being received in the grid circuit,
the grid potential is therefore at a zero value and the result is that
no current flows in the circuit, that is to say, none of the electrons are
stopped by the grid but instead flow straight through from the fila-
ment to the plate without interruption.

Incoming oscillations will induce an alternating current in the
circuit L2. The charges of electricity in C will cause the grid to
become alternately positive and negative, decreasing and increasing




35

by the same amount. ‘vvhen the grid is negatuve (with respect to the
filament), no current can flow in its circuit, as was just explained.
But when the grid is positive, negative electrons will flow to the grid
and will be stored up in the grid condenser C. The next oscillation
will repeat this process and add a negative charge to the grid con-
denser C. Thus the grid condenser stores up more and more negative
charges as long as the oscillations continue. It will be plainly seen
that as the grid condenser becomes more negative, the grid itself be-
comes more and more negative with respect to the filament.

Now, Fig. 11 shows the relation between plate current and grid
potential. As the grid becomes negative, the plate current decreases.
Therefore, it may be said that by means of the grid condenser in-
coming oscillations cause a gradual decrease in the plate current. If
the oscillations were to continue, the grid would become so negative
that the plate current would be stopped. So it is necessary to remove
the negative charge from the grid condenser after each group of

oscillations has been rectified.
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Old type audions contained a certain amount of gas which acted
as a conductor and permitted the negative charges to leak off the
grid to the filament and ncutralize themselves with the positive
charges on the other plate of the condenser C. The new high
vacuum tubes do not permit this action because of the absence of any
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gas. A conductor of some kind must be connected from the grid to
the filament over which the charges can flow. This conductor should
be of such a resistance that no current can flow in it until the con-
denser C has been fully charged, i. e., not until the end of the group
of the oscillations. If the resistance is too high, or else entirely absent,
the charges will accumulate until they are large enough to pass
through the vacuum of the tube. This action will be noticed by a
constant “put, put, put” sound in the telephones. The resistance just
described is called the “grid leak.” It is shown as “R” in Fig. 10,
The actual value of it depends upon various things, but is almost
always between one and four million ohms,
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When oscillations flowing in the circuit, L2, are impressed upon
the grid condenser, they pass through the condenser and not through
the leak on account of its high resistance but the charge on the grid
which is of constant polarity leaks slowly through this high re-
sistance preventing the vacuum tube from “blocking.” In a word,
it is a safety valve regulating the amount of potential applied on the
grid. By varying this resistance up to the proper value, the tube
will be made more sensitive for a certain intensity of signals.

Every vacuum tube has some particular characteristics, These
may be found by tracing the characteristic curve which shows at a
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glance tue effictency of the tube as a detector or an amplifier. The
curve may be plotted by using the hook-up shown in Fig. 12. The
voltage on the grid may be adjusted by means of the potentiometer,
in steps of one volt. Ior each adjustment of the grid voltage, it will
be noticed that the current in the plate circuit measured by means of
the milliammeter varies. The rcadings are then marked with dots
on a squared paper and all the dots are joined together forming the
characteristic curve of a tube. TFor instance, Fig. 13 shows the charac-
teristic curve of a tube. Tt will be noticed that when the grid is at
zero volt in respect to the negative end of the filament. the plate
current is 1 milliampere, while when the grid is at two volts negative,
the plate current is reduced to .25 milliampere.

Fig. 14

Every vacuum tube has what is called a saturation point at which
no more plate current may be made to flow, even by increasing the
plate voltage. This is the limit of the tube operation, as only the
straight part of the characteristic curve is useful for amplifying. [f a
millimnmeter is connected in the grid circuit it will be noticed that a
current flows in this circuit as the grid is made positive. It is shown
with the curve in Iig. 13.

In vacuum tube receivers it is usual to have a special rheostat
connected in the filament circuit of the tube in order to regulate the
amount of current passing through it. The rheostat is generally con-
structed so that the blade can slide off the wire and open the circuit
acting at the same time as an interrupter for the filament current.
The resistance of common type of rheostat for receiving tubes is gen-
erally 5 or 6 ohms while for transmitting tubes it is generally 175 to 2
ohms, the size of the wire being larger in order to carry the intensity
of the filament current without undue heating. The resistance wire
of a rheostat should be tightly wound around the insulating strip
upon which it is fixed so that the wire does not become loose after
heating and cooling several times. The blade sliding over the wire
should provide a good contact and run smoothly so as to touch all the
convolutions of the wire equally well. Fig. 14 shows a rheostat as
used for receiving tubes.
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In order to make contact with the various elements inside of a
vacuum tube a special receptacle or socket is used. It is composed
of a shell made of metal or insulating material and four blades pro-
vided with binding posts touching the prongs of the tube to make
contact with the internal elements. The contact blades should be
made of strong phosphor bronze or of copper with a steel blade under

Fig. 15
it which provides elasticity while the coupler blade insures good
electric contact. The four blades should be strongly fixed in the base
so that they cannot become displaced if the binding post is unscrewed
as this may cause a short circuit and burn the filament of the tube if
they are not in the proper place. It is important that the base sup-
porting the binding posts and contacts be made of good insulating
material such as hard rubber or bakelite. If composition or fibre is
used, losses may result as these have not sufficient insulation re-
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sistance and sometimes allow some current to pass through especially
when high tension is used on the plate of the tube as in transmitting
sets, for instance. [Fig. 15 shows a good type of socket.

A very convenient method of connecting various apparatus is by
means of plugs and jacks somewhat similar to those used in telephone
switchboards, but especially designed for radio use. Jacks are now
extensively employed in amplifiers, as when a plug is connected to
the telephone or loud speaker cord, the connections may automatically
be made to the various stages of the amplifier. Some jacks are so de-
signed that when the telephones are plugged in a certain stage of an
amplifier equipped with these jacks the unused tubes are automatically
disconnected thus reducing the number of controls and permitting the
rheostats to be left in the position of best operation. The connec-
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tions of an amplifier using this type of jacks are shown in the lesson
on vacuum tube circuits. Fig. 16 shows two types of jacks which
permit several combinations to be made in radio circuits, Fig. 17
shows a type of plug widely used.
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When vacuum tubes are used in a receiving set, a storage battery
usually supplies the neccessary current to light the filaments
of the tubes. This battery described in a previous lesson, must be
recharged every time it is exhausted. Several devices are now ex-
tensively used to recharge storage batteries from direct or alternating
current lines and are most convenient when a source of current is
available, permitting the battery to be recharged over night while the
receiving set is not in operation. Fig. 18 represents the diagram of
a special resistance box so designed that a 6 volt storage battery
may be recharged from a 110 volt direct current line at a rate of about
6 amyperes when connected in series with it. A direct current ammeter
mounted on the charger shows the amount of current passing through
the battery.

-

When only alternating current is available a rectifier transform-
ing this current into a direct one must be used as the storage battery
cannot be recharged directly from an alternating current line. Either
a mechanical, a vacuum tube or an electrolytic rectifier must be used,
the last one being too bulky and complicated to be convenient. There
are on the market at the present time some very good types of
mechanical and vacuum tube rectifiers designed to charge batteries
at various intensities. [ig. 19 shows the general appearance of a



CHARACTERISTICS OF VACUUM TUBES

t Loudspeaker coupling recommended at this plate potential due to large plate current.
* At indicated “B” and ‘“C” battery voltages.

The above table explains the detailed characteristics of vacuum tubes.
results on some circuits that cannot be duplicated on others.
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Practically every tube will give

Many tubes are often found to change with
use, which is seldom the fault of manufacture but usually caused by vacuum changes and the varying cur-
rents applied through the filament and plate elements. )

Aley yjoq 3uisn jo adejueape ay) sey

> Sur
AL yd1IyM 13913031 Jo ad £} [edtueyddwr B s9)eI)

"A13urpiodor 931eyd jo 3w 3yl Judnpas snyl Judlin
24> yoea jo sd

-JRUID)[E Y} JO I

pue sjjnsar pood L1a.a S9

-snq[t oz ‘81

[ Yd1yM JSG13031 3gn) wnndea

X9 2ynb s

AISU)

‘pasu £

oF



FART 1V
THE REGENERATIVE RECEIVING SET

RECEIVING SET will receive radio messages sent in code
A and will also receive Broadcasting programs, sent by radio-

phone. Very often the mistake is made of calling a receiving

set a radiophone. This error should be avoided as a radio-
phone is reallv a transmitting apparatus. As stated in another part
of this book, a crystal receiving set cannot receive a Broadcasting
station at a distance exceeding 25 or 30 miles except under exceptional
conditions which cannot be controlled. In general, the power used
at the Broadcasting station and the sensitivity of the crystal detector
does not permit clear reception of the signals at a greater distance
than mentioned above.
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To cover great distances, a vacuum tube detector should be used
as this type of detector is much more sensitive and can be made to
amplify the signals tremendously. Fig. 1 shows a hook-up for a
standard two circuit receiver with a vacuum tube detector. With
this circuit properly adjusted, it is possible to receive a Broadcasting
station over greater distances than is possible with a crystal set.
Furthermore, a vacuum tube is steady in adjustment and does not
require any fussing with a catwhisker on a crystal or other difficult
adjustment. The vacuum tube is set in operation by merely lighting
the filament with a switch which is generally embodied in a rheostat

used at the same time to control the current flowing through the
filament.

11



Major E. H. Armstrong, well known in the radio field, made great
improvements in the vacuum tube circuits, the first one being that of
regeneration. Regeneration consists of reinforcing the weak signals
which are received in the aerial circuit by feeding them back from
the output side of the detector circuit into the input circuit connected
to the grid. This, considerably, reduces the resistance of the circuit
which tends to oppose the current induced from the aerial and there-
fore allows the whole energy received to be utilized upon the detector.
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This method provides such sensitivity that the signals are amplified
anywhere from about 100 to 200 times and produce in the telephones
very loud response, while the same signal received on a crystal de-
tector, are barely audible. Regeneration is accomplished by connect-
ing into the plate circuit of the vacuum tube a coil, which is brought
into inductive relation to the secondary of the grid circuit. Another
method which may be used for short wavelengths consists of tuning
the plate circuit by means of a variometer or a coil and condenser.
When resonance is reached, the energy is fed back into the grid cir-
cuit through the capacity of the vacuum tube, for the grid and plate
inside of the glass act as a small condenser. Fig. 2 shows how this
is accomplished. When a coil connected in the plate circuit of the
tube is coupled to the secondary coil, it is merely necessary to turn
the coil so as to increase the coupling between the two circuits to
obtain regeneration. At a certain point, the resistance of the sec-
ondary or grid circuit is so reduced that it is practically zero and
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the vacuum tube begins to oscillate of it§ own accord, producing the
same kind of oscillations as that of the transmitter. When a receiving
set is in this condition, a whistle is generally heard in the telephone
receivers, if a station is sending at the same time. This condition
should be avoided as when the vacuum tube oscillates, oscillations are
radiated from the aerial exactly as if a transmitter was connected to
the aerial and this causes considerable interierence for the other re-
ceivers in the neighborhood. The same condition is reached when
the plate circuit of the vacuum tube is tuned to obtain regeneration.

Since the output of the detector tube is equal to the square of
the potential applied on the grid, it is easy to realize the importance
of having maximum voltage impressed on the grid. For this reason,
no variable condensers are used in some circuits; only a variable in-
ductance called variometer is connected between the secondary of the
coupler and the grid of the tube to provide for sufficient variation
in wavelengths. Another inductance of the same type is connected
in the plate circuit to tune it to resonance. In some other circuits, a
small variable condenser is connected across the secondary coil in the
usual way and either a variometer or a feed-back coil also called
tickler connected in the plate circuit in series with the telephones and
the “B” battery,.
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Fig. 3 is a standard circuit in which regenerative amplification
is used for receiving signals. The incoming signals produce oscilla-
tions in the circuit L1 C1. The oscillating potential across the con-
denser C1 cause the grid to become alternately positive and negative;
these grid potential variations produce amplified plate current varia-
tion in the plate circuit of the tube, these variations passing through
the coil L2 may be advantageously shunted by a variable condenser
C2. Across this oscillating 1.2 C2 is a crystal detector and telephone
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receivers. If the circuit L2 C2 lias no inductive or other coupling
effects on the circuit L1 C1 the oscillations in L2 C2 will be of the
ordinary amplified strength, that is to say, they will be several times
as strong as the oscillations taking place in the circuit L1 C 1. If the
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incoming signals are damped waves such as produced by a spark
transmitter each group of waves will be amplified and the amplified
oscillations in L2 C2 will be rectified by the detector and give an
audible note in the telephones. 1f now we bring the inductance L2

COUPLER

VERNIER (o]

Fig. 4a

close to the inductance L1 so that there is a magnetic coupling be-
tween them, the incoming signals will be very much louder; this is
because the incoming oscillations in 1.1 C1 are built up to a greater
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strength than formerly on account of the amplified oscillations in-
duced by L2 into the circuit L1 Cl. "Thesec oscillations being exactly
in time with those existing in L2 C®, will be several times stronger
than the amplified signals which would be obtained by merely using
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FIG.S

the radio frequency amplification properties of the vacuum tube. The
result is that more energy is available for operating the detector and
moreover the selectivity of the receiving circuit is increased as the
resistance of the circuit L1 C1 is reduced on account of the transfer
of energy from the plate circuit.
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As we mentioned before, the same phenomenon may be obtained
by tuning the plate circuit of the vacuum tube. Fig. 4 shows the
standard hook-up of a short wave regenerative set using this prin-
ciple. In this case, the tuning is accomplished by means of vari-
ometers which are continuously variable inductances in order to apply
the highest possible potential on the grid of the tube. This type of
receiver is extensively used to receive short wave-lengths ranging
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from 175 to about 450 meters. The same system of plate circuit
tuning may be employed when an ordinary tuner is used. In Fig. 2,
L1 and L2 represent a loose coupler or a vario-coupler, the windings
of which are tuned by variable condensers. Regenerative amplifica-
tion is obtained by turning the variometer in the plate circuit until
signals are loudest. Should the variometer be turned beyond a cer-
tain limit, where the signals are at maximum intensity, the tube starts
to oscillate as in this case the resistance of the circuit is reduced to
zero, and oscillations take place of their own accord. In this state
the receiver is suitable for the reception of continuous waves by the
beat method. By slightly detuning the receiver the oscillations pro-
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duced by the receiver itself interfere wath the incoming oscillation,
so that beats are produced when both are in phase, as illustrated in
Fig. 5.

It is possible to receive continuous wave signals with a crystal
detector, or a vacuum tube used as a rectifier by means of an external
oscillator producing the interfering oscillations. Fig. 6 shows the
hook-up of such a set, and the connections of the oscillating tube.
The circuit of this oscillator is tuned by means of a variable con-
denser which is adjusted so as to produce the desired pitch of whistle.
The use of an external oscillator is advantageous when receiving long
wave-lengths, but for short waves, below a few thousand meters, the
autodyne method is simpler and as efficient. The reception of con-
tinuous waves with the receiver in the oscillating state is called the
autodyne method, meaning that it produces its own force, while,
when an external oscillator is used, it is termed the heterodyne method,
which means external force.
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The reason why it is necessary to use an oscillator or to have the
vacuum tube detector in the oscillating state to receive continuous
wave signals is that the wave sent from the transmitting station is
no more formed of short wave trains, but of a wave of constant ampli-
tude, lasting as long as the key of the sending set is pressed. If the
receiver is in the neighborhood of the transmitting station, it is pos-
sible to hear on an ordinary set the beginning and the end of each
dot and dash at the moment of the production of the wave, or when
it ends. The beats produced by the heterodyne are almost similar
to the wave trains produced by a spark transmitter, and can therefore
be detected and heard in the usual way, though, since their frequency
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is greater, the note sounds like a whistie. The pitch of this whistle
may be varied by detuning the heterodyne condenser, changing the
rate at which the beats are formed.

In Fig. 7 is shown a type of receiver which is suitable to receive
spark or continuous wave signals, as well as telephony, on any wave-
length. It uses special inductances called honeycomb or duolateral
coils, which are tuned by means of variable condensers connected in
series or parallel, according to the wave-length which is to be received.
This type of coil is quite efficient, as the whole inductance is used
all the time, preventing the losses which occur in other types of coils
when only a part of the winding is in circuit, as the unused turns
vibrate electrically and absorb energy. These coils are so constructed
that they may be plugged in a special mounting and are made in
several sizes so as to cover the whole band of wave-lengths from 150
to 25,000 meters.

For the reception of shart wave-lengths, a very efficient type of
receiver is the Reinartz, in which the antenna circuit is kept aperiodic,
that is, untuned. The secondary circuit is controlled by means of a
variable condenser, as well as the feed back circuit, which uses a
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Fig. 8

tapped coil and a condenser in series between the aerial and the feed
back coil. As may be noticed in the diagram, Fig. 8, the audio fre-
quency circuit composed of the telephone receivers and “B” battery,

are separate. This tuner provides very good selectivity and is very
flexible.
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BOOK NUMBER FOUR
PART 1
THE VACUUM TUBE AS AN AMPLIFIER

‘f N the previous book describing the functioning of the vacuum
I tube as a detector we stated that a small change of current in the
grid circuit produced a corresponding change in the plate circuit.
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In the case of the detector this was taken advantage of to rectify
the oscillations and make them audible in the telephone circuit. The
relay action of the vacuum tube is used in the amplifier as we shall
now explain,

Fig. 1 shows how a vacuum tube is connected to amplify signals
at either radio or audio frequency. Fig. 2 is the characteristic curve
of the vacuum tube illustrating how a small change in the grid poten-
tial produces a correspondingly great change in the plate current. In
order that the vacuum tube amplify without distortion, it is necessary
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to operate it along the parts of the characteristic curve which is
straight. In the case of Fig. 2 the incoming oscillation varies the grid
potential from 1 to 3 volts negative producing a variation in plate
current of 1 milliampere. As may be seen, the greatest amplitude of
the incoming wave train varies the point of operation from A to B
along the characteristic curve which is straight, and therefore we

1
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have in the plate circuit the exact but amplified reproduction of the
wave train received. If the tube is not operated along the straight
parts of the characteristic curve the wave train is rectified as it does
not produce in the plate circuit an exact reproduction of the incoming
train, since one-half of cach oscillation is more amplified than the other
as shown in Fig. 2. In this case the wave train is more or less rectified
and distortion of the signal results. The voltage to apply upon the
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plate of amplifier tubes varies with each particular make, but for the
average types of tubes such as the UV 201, 201-A, VT-2, 216-A and
others from 60 to 150 volts produce best results, provided the grid of
the tube is kept at the proper negative potential so as to produce the
greatest response.

The audio frequency amplifier as its name indicates amplifies the
audio or audible frequencies. These are comprised between about 16
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and 10,000 cycles. In order to obtain true undistorted amplification,
the instruments entering in the construction of this type of amplifier
should be carefully designed. If transformers are used they should
not have a ratio of number of turns between the secondary and the
primary exceeding 3 to 1, and the grids should be kept at the proper
negative potential either by connecting the secondary of the trans-
formers as shown in Fig. 4, that is direct to the negative of the A




battery with the rheostats on the negative lead of the filament, or
by means of grid or C batteries as shown in Fig. 5. The former hook-
up is suitable when only 45 ta 90 volts are applied on the plates of
the tubes, but when greater volume is desired for the operation of a
loud speaker, a higher plate voltage ranging up to 150 or more may
be used with a C battery of 1}4 to 9 volts according to the type of
tubes used. In any amplifier it is important to keep the connections
from the grids and the plates of the tubes to the transformers as short
as possible. Such amplifiers as those shown in Fig. 4 and 5 may be
used with any kind of detector, the binding post P and P1 of the first
transformer being connected in place of the telephone receivers. When
great volume of sound is desired to operate a loud speaker in a very
large room or outdoors, three stages of audio frequency amplification
may be used with the last stage hooked up in the pull push fashion
as shown in Fig. 6. In this system two tubes are used in the last
stage. This permits the handling of great power without distortion
which it is difficult to prevent when the ordinary hook-up is used.
Fig. 6-a shows an audio frequency transformer.
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A type of amplifier which amplifies all frequencies equally well
is the resistance coupled type. In such an amplifier non-inductive
resistances are connected in the plate circuit as shown in Fig. 7. Of
course no step-up action is had in this case and therefore the efficiency
is less than when transformers are used between each tube, but the
remarkable amplifying properties of the resistance amplifier for all
frequencies, sometimes warrants the use of an extra tube to com-
pensate for the loss. This type of amplifier is used as repeater along
the long distance telephone lines and in some broadcasting stations
to amplify the voice and music before it is sent into the transmitter.
With some slight modifications these may also be used as relay for
recording radio telegraph signals on tape by means of a Morse inker
or other similar systems.



Instead of resistances, iron core choke coils may be used in the
plate circuit of amplifier tubes, but since the ratio of such coil 1s
necessarily 1 to 1 less amplification is obtained per stage than when
step-up transformers are used. On the other hand less distortion is
liable to occur for this same reason. Since the grid cannot be con-
nected directly to the coil, a stopping condenser is used between the
choke coil and the grid, which is kept at the proper potential by
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means of grid leaks and C batteries, if necessary. This system of
coupling in audio frequency amplifiers is but little used in practice.
The vacuum tube may be used to amplify the incoming signals
at radio frequency, that is before they are rectified by the detector.
In order to receive weak signals, it is necessary to amplify them by
some means before they are rectified, as the detector itself is not very
sensitive to very weak signals. The rectified current is about equal
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to the square of the voltage applied to the grid, therefore it produces
a loud response for fairly strong signals, while the response 1s almost
negligible when only a weak oscillation is applied to the grid.

The design of a radio frequency amplifier depends primarily upot.
the frequency and therefore the wave length band which it is desired
to amplify. For wave lengths above 1000 meters either a resistance
coupled amplifier such as shown in Fig. 9 or any of the other types
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using transformers or choke coils may be used, as a wide band of
wave lengths may easily be covered with a coil or a transformer.
But for the shorter wave lengths from say 200 meters up, the problem
is more difficult as at the higher frequencies it becomes extremely
difficult to design transformers or chokes not requiring adjustment,
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which cover a wide band of wave length. Generally the transformers
used in short radio frequency amplifiers respond much better to a
certain wave length than to some others, on account of the natural
period of the windings. For short wave lengths it is therefore best
to use some means of coupling between the tubes which may be ad-
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justed, or tuned to respond about equally well to a wide band of
frequencies. Tuned circuits may be used and give, of course, best
results since each stage may be adjusted so as to produce maximum
amplification at the wave length which it is desired to receive, but
one is soon limited along these lines on account of the number of
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controls required in this type of amplifier, shown in Fig. 10. As may
readily be understood the tuning of each circuit is very sharp and
since all the stages must be adjusted, this system becomes unprac-
ticable unless only one or two stages are used, or else when the
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amplifier is permanently tuned to a certain wave length. Another
difficulty encountered in tuned radio frequency amplifier is the pre-
vention of oscillations starting of their own accord when all the cir-
cuits are tuned to resonance. It is possible to prevent these oscilla-
tions to take place, by making the grids of the tubes slightly positive
but the amplification is reduced accordingly. Instead of transformers,

tuned circuits may be used with the same results. This circuit is
shown in Fig. 11.
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The ideal radio frequency amplifier for short wave lengths is un-
doubtedly the super heterodyne invented by Major E. H. Armstrong,
This system is the most sensitive actually known, and its flexibility
makes it the best system to be used for the reception of very distant
stations. The system consists in heterodyning or interfering the in-
coming signals by means of an oscillator, not so as to give audible
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beats as is usually done, but to give beats of a radio frequency lower
than that of the incoming signals. ‘These beats may then be treated
as an incoming signal of longer wave length and amplified and de-

tected in the usual manner.

For instance, in the case of 200 meter signals the oscillation fre-
quency is 1,500,000 cycles per second. If we heterodyne these with
local oscillations having a frequency of 1,400,000 equal to a wave
length of 211 meters, the frequency of the beat currents will be
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100,000 cycles per second, corresponding to a wave length of 3,000
meters. Similarly any desired beat frequency may be chosen, which
may be amplified without trouble by means of a long wave radio fre-
quency amplifier of the transformer, impedance, or resistance coupled



type. Tnese signals, after being amplified, are detected to produce
audible sounds in the telephones. Fig. 12 shows the hook-up of a
super heterodyne receiver with the constants of the cireuit.

It is possible to use the same vacuum tube to amplify signals at
both radio and audio frequency at the same time. F ig. 13 shows the
hook-up for a one tube amplifier of this type, called Reflex amplifier,

using a crystal detector to rectify the oscillations after they are ampli-
fied at radio frequency and stepped up through the radio frequency
transformer. The audio frequency component passes through the pri-
mary of the audio frequency transformer and the amplified current
from the secondary applied again on the grid of the tube through the
tuning circuit. The amplified audio frequency signals can readily pass
through the primary of the radio frequency transformer and operate
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the telephones which are, with the “B” battery, shunted by a fixd:l
condenser providing a path for the radio frequency currents which
would be stopped by the impedance of the telephones, should this cou-
denser be omitted. For the same reason, another fixed condenser :s
connected across the secondary of the audio frequency transiormer
and the potentiometer, the latter permitting a fine adjustment of the
grid potential, which may be regulated for maximum amplification.

In Fig. 14 is shown a three-stage radio and two-stage audio fre-
quency amplifier of the reflex type used with a vacuum tube detector.
In this type of receiver, the incoming oscillations are amplified at radio
frequency by the first three tubes and rectified by the fourth, which
is the detector. The audio frequency is then fed back to the gnd of
the second tube through an audio frequency transformer, and ampli-
fied further by the third tube, acting also as the second stage of audio
frequency. Here again the windings of the audio frequency trans-
formers and telephones are shunted by fixed condensers to allow the
radio frequency currents to pass without being stopped by the high
impedance of the windings.

" Fig. 17

The reflex system of amplification is now extensively used and
gives good results on any wave length, provided the transiormers are
of the proper design.” The greatest advantage of the reflex amplifiers
is that maximum amplification is obtained with a minimum number
of tubes reducing the operating expense, since the tubes are made to
do double duty. Fig. 15 shows another type of reflex amplifier em-
bodying five stages of radio frequency and two stages of audio fre-
quency amplification.

A portable loop receiver with a three-stage radio frequency am-
plifier, detector and two-stage audio frequency amplifier built in a
syit case is shown in Fig, 16. Small vacuum tubes supplied with dry
cells are used and a loud speaker mounted in the cover of the case
makes the signal audible over a large room. This portable receiver
was built by an engineer of the Bureau of Standards. Fig. 17 illus-
trates a similar receiver as used for direction finding work with a loop
aerial.



PART 11
SOUND REPRODUCTION AND LOUDSPEAKERS

T has only been in recent years that intensive efforts have been
made to improve the means of transforming the electrical energy
into sound waves. In the early years, all efforts were directed to-

wards improving the radio circuits themselves. As the problems deal-
ing with radio transmission and reception were solved, one by one,
engineers and designers turned their attention to the reproducing end
of the receiving system, the loudspeaker.

WATCH CASE
RE(E\VER}

Fig. 1

Perhaps the simplest and cheapest loudspeaker that can be used
is one which employs a simple phone unit attached to a horn as shown
in Iig. 1. A speaker such as this can be made very easily by anyone
sunplv attachmg a suitable harn, either of fibre composition or metal
to a high resistance phone unit. Tt is understood of course that the
degree of perfect reproduction will depend entlrely upon the unit
which is used. Probably the best type to use in a speaker of this sort
is one which has a mica diaphragm attached by means of a link to
the movable pole piece which is situated between the two poles of the
magnet. A combination of this sort when coupled to a good audio
frequency circuit will enable the builder to obtain fairly faithful
reproduction.

An even simpler method of obtaining louder results from a simple
headphone is to place the headphones in a wooden or glass bowl so as
to get a reflector effect much the same as that obtained by the reflect-
ing surface back of a preacher’s pulpit.

The early loudspeakers were practically all of the horn type with
certain refinements in the way of shape or material of the horn and
construction of the reproducing unit.

A well-known English speaker which became very popular in
America is shown in Flg 2. This speaker, which gives excellent re-
sults, has a very efficient reproducing unit. A large diaphragm, rugged
magnet and an adjusting screw which permits an adjustment of dis-
tance between the diaphragm and the pole pieces of the magnet pro-
duce a strong, well-made speaker unit capable of handling the strongest
currents delivered to it by a powerful receiving set.

Two of the outstanding and interesting features of the sound
intensifying or amplifying horn are the cast metal neck of the horn
to which the reproducing unit is attached by means of a rubber coup-
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ling and the “morning-glory” shaped wooden bell attached to the
metal neck. Most acoustic experts prefer the wooden horn for this
type of speaker because it does not play favorites with any certain
sound frequency but reproduces all alike giving a sweet, full-toned
distortionless sound.

Fig. 2

One of the greatest strides made in perfecting the reproducing
system of a radio receiver came with the invention and development
of the cone-type speaker.

This type of speaker uses a large parchment diaphragm in place
of the small metal or mica dicphragm used in the ordinary reproduc-
ing unit of the horn type speakers. The use of a cone as a diaphragm
was known as far back as 1900, but it was not until 1911 or 1912 that
it was fully developed for use on the phonograph. Lven then it was
not applied successfully to radio speakers until about 1924,

The artificial parchment used for lampshades is unsatisfactory for
cone speakers. This material is nothing but a heavy paper, oiled to
make it translucent. The oil deadens the sound. The paper used by
the majority of cone manufacturers is a special paper book cover stock
known as Alhambra.

To understand the causes of distortion in loudspeakers, one must
investigate thoroughly the character of musical tones. Each tone has
a fundamental frequency of its own, giving it a pitch. For example,
the lowest pitched note on the piano has a frequency of 27 cycles per
second and the highest pitched one a frequency of 4096 cycles per
second. Middle C has a frequency of 256 cycles per second. These
are the figures of the scientific scale which differ slightly from those
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of the musical scale. You can see, therefore, that the ideal loudspeaker
should operate uniformly over a frequency range of 27 cycles to 4096
cycles per second, which is the range of the piano keyboard. How-
ever, each tone is composed of a fundamental frequency and several
harmonics of higher frequencies, giving it timbre. To get the true
tonal color of the highest notes of the piano the speaker should re-
produce the higher harmonics of these notes which include frequencies
as high as 8,000 cycle. per second. Most speakers operate well up to
about 10,000 cycles per second and little trouble is experienced on the
high end of the scale. Few speakers, however, reproduce tones below
middle C on the piano faithfully as the difficulty lies in designing a
speaker to operate successfully on the lower end of the scale so that
the fundamental tones as well as their higher harmonics are heard.

Fig. 3

When the fundamental tones are lost because of the inability of a
speaker to respond to them, the reproduced music sounds “tinny,” and
is lacking in depth.

The average horn type speaker reproduces the higher tones very
well. As a rule the larger the horn and the greater the diameter of
the diaphragm, the lower the pitch. Cone speakers that may be con-
sidered as horn speakers with extra large diaphragms are usually
lower pitched than the conventional horn speakers and therefore re-
produce the lower pitched sounds to better advantage, giving life-like
reproduction of the lower tones. This leaves us with two methods
for obtaining low notes from a speaker, the first that of increasing the
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length or size of the horn and the second, that ci increasing the
diameter of the diaphragm.

Frg. 4

Fig. 3 shows a horn speaker of great length and size that was
actually built for obtaining true reproduction of the lower tones. Note
the peculiar shape of the horn: it follows the exponential curve found
by test to be the best for proper acoustical effects in this instance. It
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is needless to say that this horn reproduces the low notes with vir-
tually no effect on the quality of reproduction of the high tones.

Such a speaker is obviously impractical for use in the home. The
large cone speaker, shown in Fig. 4, is much more practical and gives
results which are really remarkable. The diameter of the cone is
approximately three feet and the total height is 49 inches. The design
is such that the low notes of the cello, organ and piano and the notes
of brass instruments of the lower register are reproduced faithfully.
This gives to reproduction of instrumental music true depth and
richness.
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Of course a cone of this size is not absolutely necessary for ordi-
nary practical reproduction and really good reproduction is obtainable
from the 18-inch cones generally available.

With the very large cones, a powerful receiver having several
stages of amplification is necessary. In many cases a power stage or
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two is required for efficient operation. This of course is not neces-
sary with the smaller 18-inch sizes of cones, although the use of a
power tube in the last stage with suitable “B” battery voltage is
recommended for good results.

When more than 135 volts of “B” battery is used in the last stage,
it is advisable to use some means of coupling the loudspeaker to the
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output of the receiver in such a way that the heavy direct current of
the battery is not allowed to pass through the loudspeaker windings.

For this purpose either of the methods shown in Figs. 5 and 6
may be used. The former shows the use of an output circuit consist-
ing of a choke coil and heavy duty fixed condenser which prevents the
direct current from flowing through the speaker windings while the
latter shows the use of an output transformer connected between the
output circuit of the receiver and the loudspeaker terminals.

In either case, only the direct current variations or fluctuations
are permitted to flow through the loudspeaker windings.

The operating principles of the driving member and cone of the
earliest types of cone speakers.is shown in Fig. 7. The cone was
securely clamped around the periphery by means of metal rings. An
armature was used on the unit in place of a diaphragm and a drive rod
connected this armature to the apex of the cone.

Another later and more popular type of construction is shown in
Fig. 8. The front cone of this speaker is supported by the frustrum
of a similar back cone as shown. The unit is of the floating armature
type and is mounted inside. While this type of speaker gives greatly
improved results over many of the earlier types, it still has the dis-
advantage of a slight muffling effect of the sound due to the enclosed
air space.

If you make a simple paper cone and attach it to a driving rod,
you will notice that the volume of sound is greater on the concave side
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than it is on the convex side. Therefore the latest models employ
cones with the concave side facing out. The cones are of the free edge
tvpe or flexibly supported around the periphery.

Fig. 11

An example of this type of construction is depicted in Fig. 9,
although this illustration does not show the working details of the
unit. [t seems necessary to add that in this case the ten-inch cone of
heavy paper has the convex side facing out. It is mounted directly
in back of the oval aperature in the cabinet.

This reproducer not only consists of the loudspeaker but also
employs a built-in power amplifier to boost the strength of the current
supplied to the unit to that required for efficient operation of the cone.
The power amplifier is designed to work direct from the houselighting
circuit. Enormous volume with good tone quality can be obtained
with such a unit.

If you construct a cone and mount it in a cabinet you will find
that the volume is increased. This is due to the fact that the cabinet
not only acts as a tone chamber but also reflects the sound waves out
from the convex side of the cone. Another way of obtaining the same
effect is to place a baffle plate around the cone. This may be a wooden
ring about two or three inches wide as shown in Fig. 10.

Note how the sound waves are forced to continue propagating
from the front. A speaker built on this principle is shown in Fig, 11.

It is difficult to foretell what new developments may come in later
years in the line of reproducing means but it is safe to say that the
cone in one form or another is due to enjoy widespread popularity for
some time to come.
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PART III

EARLY VACUUM TUBE CIRCUITS

HE circuit to be used with vacuum tubes depends upon several

factors, and each set is better adapted to certain purposes. When

an outside aerial may be installed and it is desirable to use a
pair of telephone receivers, only one vacuum tube used as a detector
in a regenerative circuit is necessary. If it is desired to use a loud
speaker, or to amplify the signals from very distant stations, a one-
or two-stage audio frequency amplifier may be added after the detec-
tor, as was explained in the previous lesson. Fig. 1 shows the diagram
of a short-wave regenerative set connected to a two-stage audio fre-
quency amplifier, equipped with jacks so that only the detector, one,
or both stages of amplification may be used by plugging in the tcle-
phone in the proper jack. Of course the unused tubes should be
Aerial.
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Fig. 1

turned off by means of the rheostat. If it is desired to simplify this
operation, automatic filament control jacks may be used in the ampli-
fier, as shown in Fig. 2, so that the unused tubes are automatically
disconnected when plugging into any jacks.

Fig. 3 is a combination receiver in which the same vacuum tube
detector may be connected to a standard short-wave regenerative
receiver or to a honeycomb coil tuner. These may be mounted in the
same cabinet, if desired, the switching from one set to the other being
accomplished by means of a four-pole double-throw switch.

Fig. 4 is the hook-up for a single circuit tuner which may tune
wave-lengths up to 3,000 meters. A special tuning coil is used in this

17
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kind of set with a small movable inductance mounted. inside of the
main one acting as feed back coil connected to the plate. The
coupler used in this circuit is shown in the photograph Fig. 5.
When it is desired to receive very distant stations, radio fre-
quency amplification must be resorted to for the reasons explained in
the previous lesson. A very efficient single stage radio frequency
amplifier is shown in Fig. 6. The first tube amplifies at radio fre-
quency, while the second is the detector. By tuning the plate circuit
of the first tube by means of a honeycomb coil of the proper size and
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a variable condenser, maximum amplification is obtained when reso-
nance is reached. For short wave-lengths an L-%5 honeycomb coil
shunted by a .0005 M. F. variable condenser is suitable in the plate
circuit. If this method of amplification is to be used with a standard
regenerative set, the plate variometer may be used by changing the
connections as shown in Fig. 7. The grid condenser and grid leak
are removed or short-circuited, and an extra lead taken from the
plate—binding post on the socket and connected to an external detec-
tor, as shown.

Another hook-up of radio frequency amplifier and detector, which
provides very sharp tuning, is shown in Fig. 8. In addition to the
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amplifying effect of the first tube, regeneration is obtained by con-
necting a coil in the plate circuit of the detector and coupling it to
the secondary circuit. The inductances used in such a receiver may

Fig. 5

be honeycoml coils, or any other suitable form of inductances, the
coupling of which may be varied.

In order to increasec the receiving range of a regenerative receiver,
R
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radio frequency amplification may be used ahead of it. Fig. 9 shows
Low this is accomplished. A single coil and variable condenser tune
%.e antenna circuit and two tubes coupled by means of a radio fre-
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quency transformer amplify the signals at radio frequency. The vario
coupler of the receiving set is connected in the plate circuit of the
second tube and provides an extra tuning element which helps in
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tuning out undesired stations interfering with the signals being

received. The same batteries may be used to supply the amplifying
tubes and the detector.
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Loop Aerial Receivers

When it is impossible to install an outdoor aeriql, or .if directional
reception is wanted, a loop aerial of the type described in the lesson
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and a vernier adjustment should be provided on the shaft of the mov-
able coil. This coupler may consist of a vario coupler rewound
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with about 10 or 12 turns of No. 20 D. C. C. on the primary and about
40 turns of the same wire on the secondary. Fig. 11 shows the same



24

hook-up with the addition of two stages of audio frequency amplifica-
tion to operate a loud speaker when receiving near-by stations, or to
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Fig. 12 is the diagram of a combination radio and audio frequency
amplifier, using transformer coupling. The main advantage of this
type of amplifier is that it does not require any additional adjustments
and if a loop aerial is used, only one variable condenser controls the
whole receiver. The condenser should be connected across the loop
aerial, which is itself attached to the input binding post of the ampli-
fier. For very long distance reception three stages of radio frequency
should be used. Fig. 13 shows such an amplifier composed of two
stages of radio, a detector and three stages of audio frequency ampli-
fication. When a loop is used, the variable condenser alone is turned,
while if an outdoor aerial is connected to the set, the inductance in
series in the antenna circuit is controlled by means of the switch on
the left.




PART V
HOW A BROADCAST STATION OPERATES

RACTICALLY all of the interest in radio transmission is now

centered in the powerful broadcasting stations which are daily

sending their programs into every nook and cranny of the world.

One of the best ways of learning the functions of the various de-
partments of a broadcasting station is to take a trip through one of the
stations and make a tour of inspection of the equipment which it
contains.

The concert studio of a radio broadcast station. Fixtures,

draperies and furnishings are so arranged to give the best

acoustic properties. Note the two microphone transmitters
on the pedestal.

As we enter the station, we are ushered into a commodious recep-
tion room furnished with the best of taste and the finest of furniture.
There is usually a young lady or man in charge of the reception room
and his or her sole duty is to welcome visitors or make artists who
come to broadcast comfortable until they appear before the micro-
phone. Adjoining this luxurious reception room is the studio. A
glance inside shows heavy draped walls and ceiling, while a thick
carpet covers the floor. These draperies, carpets and furniture are so
arranged as to give the best acoustic effects, killing foreign noises and
detrimental reverberations. ¢

The furnishings in this room are few and simple. In one corner
there is piano with its attendant bench. There are two or three
chairs placed around the room. Somewhere in this studio you will
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An artist broadcasting before the microphone. Note the fact that the
microphone is nearer by several feet to the violin than it is to the piano.
This is to assure perfect rendition.




sce a stand, usually adjustable as to height, upon which is placed what
is known as the microphone. In appearance this resembles a disc
about seven inches in diameter by two inches thick with a series of
holes over both surfaces. This disc i1s placed on edge and supported
by a suitable mounting, which prevenis jarring oi the microphone
member.

A microphone transmitter as used in
radio broadcast stations.

This is the usual tyvpe of microphone, although there are other
tvpes. It i1s in this room that the artists or entertainers perform.
\WVhen you enter and close the door, a curious sense of silence is “felt.”
Iiven your own voice appears to have taken on different qualities than
usual. There is an utter lack of outside sounds and vour footsteps
on the soft carpet are inaudible. This peculiar atmosphere in the
studio is due to the heavy draperies and sound-insulating material
placed around the walls.

IFrom the studio we go to the operating or control room. If we
enter it during broadcasting hours we would find the air charged with
an undercurrent of excitement. Two or possibly three operators are
constantly on the alert. One of them is listening in a wavelength of
€00 meters for any possible distress or “S O S” signal.

If such a signal should be heard or if orders should come via radio -
telegraphy to stop the station for any reason whatsoever, this operator
will immediately cause the station to be temporarily off the air until
the commanding naval station gives him the signal to resume
operation.

Besides the man on the “600 meter watch” as the above-described
position is called, there is usually an aperator continuously watching
meters and other instruments which show the quality of transmission.
He also has near him a loudspeaker in continuous operation which is



Typical contral room of a modern broadcast station. To the right is
shown the 600 meter operator watching marine traffic in order that the
station may close down in the event of an “SOS” call.
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reproducing just what goes on in the studio. In this way he has a
visual and aural check on the outgoing programs. At his finger-tips
are controls which actuate practically any of the apparatus in the
entire station. He can control the volume of the outgoing signals or
can throw a switch “cutting” the station off the air immediately.

Then there is usually a third man who is there to do anything
that may be required. He has to occasionally watch the filament
voltage of the transmitting tubes and keep it at a fixed value. He
also makes occasional rounds of all the apparatus to see that every-
thing is working properly and smoothly.

So you can see that the operation of such a station requires no
less than five employees and very often many more than that number
are needed. Some powerful stations employ over twenty “studio” men.
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In a well conducted up-to-date broadcasting station, breaks in the
program are few and far between. It is only the strictest of super-
vision that keeps things going in this way, and that provides the radio
audience with continuous amusement and education.

Now that we have touched upon the human interest side of radio
broadcasting, let us investigate the technical side. In Fig. 1 we show
an extremely simplified diagram of the apparatus in a broadcast
station so as to facilitate the explanation of the various steps. The
initial impulse that starts a radio signal toward the receiver is fur-
nished by the voice of the speaker, singer or other sound originating
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The transmitter of a 5000 watt station. Some idea of the magnitude of
the equipment can be gained frcm a study of this picture,
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in the studio. This sound strikes the microphone, the operating ele-
ment of which is a thin metal disc or diaphragm. The sound waves
cause this diaphragm to vibrate. In doing so, the disc causes changes
to take place in the electrical circuit. Pulsations of current are set up,
the pulsations corresponding in strength to the vibration of the
spoken word, music or sound as the case may be. These fluctuations
are quite weak when they first come from the microphone and there-
fore have to be strengthened.

They go through what is known as a “voice amplifier” which uses
vacuum tubes to make the current stronger. The next piece of ap-

The operator “listens in” on a monitor and governs the modulation by
means of a potentiometer. The tall machine in the rear of the room is
the radio transmitter, to the right is the power panel.

paratus to consider is the oscillator. This consists of one or more
vacuum tubes, connected in a circuit of such a type that the tubes
when lighted and properly furnished with a high voltage direct current
will generate another current, alternating in character, which is said
to be oscillating (vibrating) at radio frequencies. Upon this current
so generated, the voice current is impressed or superimposed. This
process is called that of “modulation.” The current from the oscillator
1s known as the “carrier wave” and when voice currents are impressed
upon it, it is xnown as a “modulated radio frequency” current.

This current flows into the antenna and there sets up radio waves.
in the ether. These waves travel out from a station in all directions
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TABLE SHOWING THE FREQUENCY OF THE VARIOUS
BROADCASTING STATIONS AND THEIR
CORRESPONDING WAVELENGTHS

Frequency Wave FFrequency Wave IFrequency Wave
(Kilo- length (Kilo- length (Kilo- length
cycles) (Meters) cvcles) (Meters) | cvcles) (Meters)

550 545.1 870 3446 1790 252.0
560 5354 80 340.7 1200 2499
570 526.0 {00 336.9 1210 247 .8
380 5169 200 333.1 [ 1220 2458
590 508.2 910 329.5 1230 243.8
600 499.7 | 920 3259 1240 241.8
610 4915 | 930 3224 | 1250 239.9
(20 4836 940 3190 | 1260 2380
630 4759 | 930 315.6 | 1270 236.1
040 468.5 960 312.3 ‘ 1280 2342
650 461.3 970 300.1 ‘ 1290 2324
660 545.3 980 3059 | 1300 2306
670 447.5 990 302.8 1310 228.9
680 4409 1000 299.8 1320 227.1
690 434.5 1010 296.9 1330 2254
700 4283 | 1020 293.9 1340 223.7
710 4223 1030 291.1 1350 222.1
720 416.4 1040 288.3 1360 220.4
730 4107 1050 285.5 1370 218.8
740 405.2 1060 282.8 1380 217.3
750 399.8 1070 280.2 1390 215.7
760 394.5 l 1080 277.0 1400 214.2
770 389.4 1090 275.1 1410 212.6
780 3844 1100 272.6 1420 211.1
790 379.5 1110 270.1 1430 209.7
800 374.8 1120 2671 1440 208.2
810 370.2 1130 265.3 1450 206.8
820 365.0 1140 263.0 1460 205.4
830 361.2 1150 260.7 1470 204.0
840 336.9 1160 258.5 1480 202.6
850 352.7 1170 256.3 1490 201.2

€60 348.6 1180 254.1 1500 199.9
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as explained in previous chapters, but are often reflected or deflected
from their course by large steel buildings or natural mineral deposits
in the earth, etc.

This action explains the reason why in certain localities, stations
even a comparatively short distance away can only be heard faintly
while in other directions from a transmitter, receiving stations can
pick up the waves for hundreds of miles around. Obstructions such
as those mentioned are also frequently referred to as “dead-spots”
where radio reception cannot be accomplished at all or at best very
poorly.

Generator room of an np-to-date radio broadcast station. Note the
spare set of geouerators.

There has been some agitation of late to refer to the wave emitted
from a broadcast station in frequency (number of vibrations of cur
rent) rather than in wavelength. As the length of a transmitted wave
decreases, the frequency at which it oscillates, or alternates in its
direction of flow increases. This is not in a direct ratio and the table
given herewith will show just what variation in frequency there is as
the wavelength increases or decreases. During the study of the sub-
ject of radio, you will often find it necessary to refer to frequency as
compared to wavelength, and you will find this chart to be of great
assistance to vou.



PART VI

«p» “B” AND “C” BATTERY ELIMINATORS

came in more or less general use, a question that was frequently

asked was, “\Why can I not use my house current for operating

my radio set instead of using batteries?” At that time the answer was

merely that it could not be done. “B” battery eliminators were almost

unknown, and had not been developed outside of the laboratory stage.

The average household is equipped with electric lighting current

of the type that is known as alternating, as explained in a previous

book of this series. Some few have installed direct current or DC.

The majority of the eliminators on the market today, are designed

for operation on alternating current, or AC, only. Never attempt to
use a DC eliminator on AC, or vice versa.

{ITANATAN : \
ARVAVAVES _
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WHEN radio sets first became well known to the public, and

Let us first review and consider the principles of alternating
current and find out why comparatively complicated apparatus is
necessary in order to employ this current for operating our radio sets.

Alternating current is just exactly what its name implies. It does
not flow steadily in one direction, but instead, dashes back and forth
very rapidly. In what is known as 60 cycle current, this reversal takes
place 60 times per second, and an engineer would draw a picture of
the current after the manner shown in Fig. 1. Here the straight
horizontal line marked zero, indicates the point of zero potential, or
the crossing point from negative to positive current flow. The voltage
first rises from zero to its full value in one direction and falls to zero,
goes to full value in the opposite direction and falls back to zero. This
change takes place many times per second, and the exact number of
changes is expressed in cycles. A cycle is constituted by the building
up of the current from zero to full, its fall to zero, its rise to full in
the opposite direction, and its fall to zero once more.

It is comparatively well known that it is necessary to have a
very steady source of current for the “B” supply for a radio set. Just
notice the trouble that is encountered when the “B” battery falls in
voltage due to age, and its out-put fluctuates. The set becomes noisv.
This would be the case, only to a far greater extent, if ordinary
alternating current were used for the “B” supply. You would get a
loud roar in the phones or loudspeaker, making reception absolutely

35
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impossible. Therefore. it is obvious that alternating current must be
changed before it can be used, and this change is known as rectifica-
tion. In simple language. what happens is that the current that
formerly flowed in the opposite direction to the initial current, is

A modern “B” eliminator of the double wave vacuum tube rectifier type,
which is being widely used by radio listeners of today. This tube is
known as Raytheon.

forced to flow in the same direction as the initial current. This may
be done in several ways. Lither an electrolvtic rectifier or a tube
rectifier may be used. There are manufactured instruments on the
market today using both systems. In anv event the results are the
same, and the direction of the current delivered by the rectifier is
shown in Fig. 2. Notice that the current now flows all in one direc-
tion, but it still fluctuates in strength. This is still undesirable, and
the rectified current is not yet ready to operate a radio set. It must
be smoothed out before it can be put to this use, and the combination
of instruments which accomplishes this smoothing is known as the
filter. The exact action of an electrical filter is rather difficult to
explain to the average layman, and, furthermore, such an explanation
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wouid mean very little. Tt is sufficient to say, that just as the pressing
iron smoothes out wrinkles in a shirt, so does the filter press out
wrinkles in electric current and give a resulting current which appears
when pictured as in Fig. 3. lere the current rises from zero to full
potential, and continues to flow at that value until the current is
turned off. This direct current is now satisfactory for use in connec-
tion with radio receiving sets.

A combined power amplifier and “B” battery eliminator.

For those who desire to experiment with the construction of a
“B” eliminator and do not desire to spend a lot of money in doing so,
the following description will be of value. This eliminator gives quite
satisfactory results on receiving sets using not more than three tubes
and it will be quite free from any annoying hum. The eliminator uses
the electrolytic principle of rectification, and its filter system consists
of some small fixed condensers and the secondary of an audio fre-
quency transformer. Possibly you have a transformer, the primary
of which has been burned out. If so. this instrument is still in good
enough condition to use in an experimental eliminator. You must,
however, be sure that the secondary circuit is still complete. This can
be tested by means of a battery and phone connected in series with
the secondary. If a click is heard in the phones when the circuit is
closed, the wiring is continuous and can be used.

The rectifier unit of this “B” eliminator is very easy to construct.
Four ordinary jelly glasses and some strips of sheet aluminum and
lead should first be obtained. Four strips of each metal 34 inch wide
by 4 inches long must be cut. A hole is drilled in one end of each
strip, and a bolt and nut fastened in the hole to be used as a binding
post for connections. After the four strips of each metal are cut and
drilled, both surfaces of each strip must be thoroughly cleaned and
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polished with fine sand paper. After this has been done do not touch
the polished surfaces of the metal with your fingers. The strips are
next placed in the jars and the ends of the strips bent so that they
will hang over the edge. One aluminum and one lead strip is placed
in each jar, and the eight pieces of metal are connected as shown in
the diagram. Each jar is then filled to within about %% inch of the
top with a solution consisting of two ounces of borax to a quart of
water. Ordinary household borax may be used and the water need
not be distilled. After each jar is filled, a layer of paraffin oil about
¥4 inch deep is poured over the surface of the electrolyte. This
eltfectively prevents evaporation and lengthens the life of the
elimmator,
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Besides the rectifier and the filter, it is necessary to have a con-
trolling resistance so that the proper “B” voltage for the detector tube
can be obtained. This is an ordinary variable resistance having a
range of from 5000 to 25000 ohms. It is connected in the circuit as
shown in the diagram, Fig. 4.

After the eliminator is hooked up as shown, and connected to
the radio receiving set, light the filaments of the tubes in the set and
turn on the 110 volt AC circuit. This can best be accomplished by
having a flexible cord connected to the in-put and a plug connected to
the opposite end of the cord. This is then inserted in any convenient
receptacle. The set will at once begin to operate, and probably a hum
will be heard. This is because the plates of the rectifier are not yet
formed, but the hum will persist for only a few minutes and then the
eliminator will operate properly throughout its entire life. If, how-
ever, the set is not used for a week or more, the film that forms on
the aluminum plates may be destroyed, and the forming process will
have to be gone through again before the eliminator will operate
properly. This forming process is, however, practically automatic,
and needs no particular attention on the part of the operator.

The filter svstem of the home-made eliminator may be seen in
the diagram. Every filter svstem consists of what is known as a
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choke coil, consisting of several thousand turns of wire on an iron
core, and several fixed condensers. In this particular unit, the choke
coil is to be the secondary of an audio frequency transformer, Be-

Another type of eliminator, combining a “B” power supply with a power
amplifier and out-put filter as a last stage of audio for extremely loud signals.

cause we are dealing with low voltages, the fixed condensers may
consist of ordinary by-pass instruments. T'wo having a capacity ot
5mi. each, or four having a capacity of 2mf. each are required. Also

B PLATE SUPPLY
INDENSER BLOCK'
MWD 8324 VOLTY 400 PO
ACME APPASATUS GO
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Top view of combination “B” eliminator and amplifier.

it is advisable to have an additional 2mf. condenser connected across
the resistance which controls the detector cut-out, and another one
from the positive detector wire to the negative. This filter will be
found quite satisfactory for all around work with the particular type
of electrolytic rectifier described above,
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The grid leak value that is used in the average radio receiving
set is usually far too high for the same set and detector tube when
the plate current is supplied by a “B” eliminator. If such is the case,
it will be indicated by an unusual hum from the reproducing unit. If
your grid leak is of the fixed type, and this trouble arises, change it
for one of a lower value. With a variable grid leak, it is merely
necessary to adjust it for best results. In any event, do not neglect
the leak. It has a very important function and if it is not right, the
operation of the set will not be all that is desired. Find the right
value for best results and leave it alone.

Of late, a new type of vacuum tube has appeared on the market,
which has made the “B” eliminator very popular. Itis a tube that does
not need any filter, and serves as a double wave rectifier, eliminating
the use of two tubes that are necessary with some other types of
vacuum tube rectifier. ‘This tube is illustrated in one of the accom-
panying photographs. It makes use of a unique principle of rectifica-
tion, and is practically fool proof. In operation it needs absolutely no
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attention, and has an unlimited life. Tests up to three thousand
continuous operating hours have failed to affect the operation of this
tube, and no depreciation in results has been found. This tube is
always to be employed in connection with a step-up transformer so
that the voltage supplied is in excess of 200 volts. The transformer
used with this tube is of the type having a tap in the center.

There are several types of eliminators on the market today
which use this new type of tube and which are equipped with well
designed transformers and filter systems. Several of these manu-
factured units are illustrated in this article.

Besides the vacuum tube just described, there are others in use
of a type similar to the ordinary tube used in radio receiving sets.
These tubes use a filament and a plate but do not have a grid as is
the case of the ordinary tubes. True, some eliminators have been
designed and marketed which use the same type of tubes as those
cmployed in radio receiving sets. However, manufacturers of tubes
have made it quite plain that receiving set tubes are not suitable for
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use in “B” battery eliminators. Used in this way they have a com-
paratively short life, and are in every way quite unsatisfactory. It is
always advisable to shun the use of receiving set tubes in connection
with “B” battery eliminators, and to use tubes that are designed for
that particular purpose. One of the vacuum tubes using a filament
that 1s designed for “B” battery eliminator use, has only one plate,
and accomplished only single wave rectification. Therefore, for all
around use, two of these tubes are necessary. There is, however,
another one of a similar type, but which has two plates and which
accomplished double or full wave rectification. \Vith this, only one
tube is necessary.

Another type of tube rectifier “B” eliminator and power amplifier.

The circuit of a standard “B” battery eliminator is shown in
Fig. 5. We have shown this diagram with the filamentless tube
described above. However, in most respects the same circuit is used
for the double wave filament rectifier tube or where two single wave
tubes having filaments are used. This circuit is given for general
information purposes, and is the one that is almost universally em-
ploved with the so-called Raytheon tube. Note the filter circuit and
the connecting of the two variable control resistances which allow
the use of a different voltage in the RF amplifier from that applied to
the AF amplifier.

The average experimenter will probably want to assemble his
own eliminator and for this reason manufacturers have been simpli-
fying apparatus so that the assembling troubles will be reduced. One
of the greatest advances is in the condenser part of the filter circuit.
Formerly, it was necessary to use several separate fixed condensers
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and the result was a lot of wiring and an irksome task. Now, how-
ever, it is possible to purchase a block containing all of the filter
condensers. This block is equipped with convenient terminals and a
lot of the condenser wiring is done inside the casing. With this unit,
shown in an accompanying photo, an eliminator can be assembled
with the least possible trouble.

The problem of switching a “B” eliminator into and out of the
circuit is quite a big one. Under ordinary circumstances the average
person only remembers to turn off the filaments of the receiving set.
and will often allow the “B” battery eliminator to run. While not

A commercially manufactured “B”
power supply unit.

consuming much current when the filaments of the radio receiving
set tubes are turned off, still the “B” battery eliminator uses some.
and it is always best to turn off the 110-volt AC circuit when not in
use. Possibly the best way to accomplish this is to turn off both
circuits at the same time. Use a double pole, single throw switch
connected as shown in Fig. 6. One blade is in the “B” eliminator
primary circuit, and the other is in the “A” battery circuit. Opening
the switch cuts off both, and prevents the possibility of leaving the
eliminator turned on. It is possible to procure a switch of the snap
type that can be used in this particular circuit. Tnquire at your local
clectrician’s store, and tell him that you want a double pole, single
throw snap switch.

Another switch arrangement that is quite popular for “B” elimi-
nator use is shown in Fig. 7. \When the operator is through using
the receiving set, he throws the switch to the opposite side from the
working position and by doing this disconnects the “B” eliminator
and the “A” battery, and at the same time connects the trickle charger
to the “A” battery so that the latter will be charged while the set is
not in use. By using a “B” battery eliminator and a trickle charger
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in connection with a storage “A” battery, most of the battery troubles
of the radio fan will be solved. If this switch arrangement just
described is installed, still more trouble will be avoided, and every-
thing can be carried on with the utmost dispatch.
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Whenever a switch is employed that cuts out both the “B”
eliminator and the “A” battery, the “A” battery switch that is incor-
porated in the set should be short circuited so as to prevent its use.

Aside from the “B” eliminators that supply in the neighborhood
of 135 volts, there are others that are so arranged to deliver about
350 volts for use on a power amplifier using a tube such as the UX-210.
These units usually use single wave rectification with a highly ef-
ficient filter system. A rectifier tube having a filament is employed.
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Some experimenters prefer to combine such a high voltage “B” supply
with the power amplifier of one or two stages and one of our photo-
graphs shows such an arrangement. All of the parts of such a unit
may be purchased on the market and readily assembled by the lay-
man. Variable or tapped fixed resistances are so placed in the circuit
that the correct plate voltages can be had. The usual procedure with
a unit of this type is to use a UX-201A in the first stage of amplifica-
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tion and a UX-210 in the second. The resistances allow the operator
to apply the desired plate voltages. Remember that high plate volt-
age calls for a high grid voltage. Use the proper “C” battery for the
tube and plate potential used.

Since the “B” eliminator is connected directly in the house
lighting circuit, some means of protecting the lines and the eliminator
should be used. One way is to insert fuses in the circuit at the
eliminator, using fuses that will “blow” at about 5 amperes. This

Automatic cut-out and switch for use in

“B” eliminator circuit to prevent blowing

out main line fuses in house circuit. They

can be obtained in a wide range of

capacities. “B” eliminators generally call
for the 3 ampere capacity type.

arrangement is not very flexible, however, and it is preferable to
employ a circuit breaker. One very good type, designed especially
for **B” eliminator use is shown in these columns, ard is so arranged
that it can be used both as a circuit breaker and as a switch for open-
ing and closing the eliminator circuit. It can be obtained with its
adjustment set to open the circuit when over three amperes passes.
Thus, if a short circuit occurs in the eliminator, the primary circuit
will be opened immediately and no damage will be done to either the
radio apparatus or the lighting line.

Where direct current is available, a really high powered “B”
battery eliminator is not possible or practical. This is because of the
impossibility of stepping-up the direct current with any ordinary
means and thereby obtaining the high voltage that is necessary for
present day sets. However, with 110-volts DC, about 90 volts can
be obtained and applied to a radio receiving set, and this will be quite
satisfactory for all three-tube receivers and for some five-tube sets.
While direct current such as supplied by public service companies
does not have as much fluctuation as the rectified alternating current
pictured in Fig. 1, still it has a certain ripple that must be smoothed
out before the current can be used for radio work. This is accom-
plished by using a filter system such as is employed in connection
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with a rectifier for “B” eliminator use on AC. This filter, as described
in connection with the electrolytic “B” eliminator, may consist of an
ordinary audio frequency transformer and a few fixed condensers
hooked up as shown in Fig. 4. This eliminator is comparatively
inexpensive to make, and should give quite satisfactory results under
all conditions.

In summing up the subject of “B” battery eliminators, the fol-
lowing statements and suggestions are made and should be heeded.

When an eliminator is to be used on a receiving set having four
or more tubes and requiring a current of more than 10 milliamperes,
one should be chosen that uses a step-up transformer. If this pre-
caution is not taken the eliminator will not deliver sufficient voltage
and current for the purpose.

The electrolytic type of eliminator, such as the home-made one
described above will not give satisfactory results on a set using more
than three tubes. Do not expect it to operate a five or six-tube set.

When installing a “B” battery eliminator make provision for
some kind of switch arrangement so that the eliminator will not be
left connected to the house lighting circuit when it is not in actual
use.

A home-made eliminator should be encased in a metal box and
the box should be connected to the ground wire of the radio receiving
set. This will aid in eliminating any hum in the reproducing unit.

If possible, the eliminator should be placed two or three feet away
from the radio set proper. This will be a further aid in eliminating
hum. :

Ground the cores of the choke coils and transformer as well as
the metal condenser cases.

In all cases where an eliminator is used which does not employ
a transformer, a large fixed condenser having a capacity of 1mf. should
be connected in series with the ground of the radio set. This is im-
portant, because without the condenser a short-circuit may take place
through the eliminator which may burn out the tubes in your radio
receiving set.

Always have one or more variable resistances in your “B” bat-
tery eliminator circuit so that the plate voltages can be carefully
controlled. Failure to do this will mean unsatisfactory results, and
the operation of the set will not be as flexible as might be desired.

Remember that a “B” battery eliminator is a power device and
treat it with respect. A rather painful shock can be obtained from
most “B” battery eliminators and, therefore, you should never work
around an eliminator unless the in-put current is completely turned
off.

Satisfactory results will never be obtained if inferior instru-
ments are used. This is particularly true of the eliminator delivering
in the neighborhood of 150 volts out-put or higher. Always use the
best apparatus. There are a good many concerns manufacturing “B”
eliminator parts today, and there is no excuse for not using good
standard apparatus. Reference to the advertising columns of any
radio publication will show a variety of apparatus for use with dif-
ferent types of “B” eliminator rectifier.
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“A” Battery Elimination

The problem of finding a suitable way of using the lighting cur-
rent to supply the current for the filament circuit of a radio receiver
was more difficult to solve than that of finding a method of using
lighting current for the “B” battery circuits.

At last, however, this last remaining obstacle to completely
power operated receivers has been overcome and it is now possible
to operate a receiver without any batteries whatsoever.

The Abox, a device to elimimate the

storage “A” battery. It filters the

pulsations from the output current of
an “A” battery charger.

One of the earliest methods used to get practically lighting cur-
rent operation for the filament circuits was that of using what is
known as a trickle charger in connection with a small storage battery,
keeping the battery constantly on charge during the time when the
set is not in use and thus keeping the battery fully charged at all
times. The trickle charger, as shown in an accompanying illustration,
can be connected or disconnected from the battery automatically by
means of a specially designed relay switch which connects the trickle
charger to the battery and lighting mains when the set is turned off
and connects the battery to the set when the receiver is in use.
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Another unit, as shown in an accompanying illustration, is
known as the Abox, and is essentially a filter device for smoothing
out the rectified current as it leaves the charger and passes on to the
set, thus giving a smooth direct current free from hum or noise. "This

A chemical type of trickle cl.arger.

unit consists of a large size choke coil with an electrolytic condenser
of new design. This condenser according to the measurements of the
manufacturers has a capacity of 14 of a farad, this capacity being
equivalent to 250,000 microfarads. The principle of operation is that
of gas concentration on the iron and nickel plates which are im-
mersed in a strong solution of potassium hydroxide. The plates of

A rectifying tube type of “A” elimi-
nator, the output voltage of which is
adjustable.

this electrolytic condenser are sealed into a tank in the upper part of
the unit, while the bottom of the unit holds the large size choke coil.
This filter unit is also adaptable for direct current service as well as
alternating and may be used with a trickle charger to supply the “A”
battery current for set having 199 type tuhes.
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Another “A” battery supply unit for eliminating the storage “A””
battery or converting the alternating house current into direct current
for lighting a standard six-volt type tube is shown in the accompany-
ing illustration. The system employed in this unit is a transformer,
choke and dual vacuum tube method of rectification. The 110-volt
alternating current is stepped down to a lower voltage by means of
a transformer rectified by the tube and the pulsations smoothed out
by .means of a filtering system. The maximum output of this “A”
battery eliminator at six volts is about 2Y% amperes, the eliminator
therefore being capable of operating any receiver employing up to ten
tubes of the 201-A type or their equivaient.

“C” Battery Llimination

With the advent of higher “C” battery voltages, the “C” elimi-
nator shown in the accompanying Photo has been presented to the
radio set owner who prefer lamp-socket operation for the “C” source
of current supply. This is a battery eliminator as it substitutes for

An eliminator for supplying “C”
battery current for the up-to-date
radio receiver.

the “C” battery without any change in the circuit arrangement. A
UX-199 type tube is employed as the rectifier, the filament being
heated by the alternating current through the tertiary winding on a
transformer contained in the unit. The use of the small tube is made
possible by the fact that only voltage and no current is required from
the “C” supply. The unit is provided with an output cable containing
three conductors, one positive “C” lead and two negatives. The volt-
ages are controlled by two potentiometers, the knobs of which are on
either side of the tube socket on top of the unit. The scales of these
potentiometers are calibrated directly in volts and marked for the
voltage output of each of the two “C” negative leads. A lamp socket
plug is provided on a separate input cord of the eliminator to be in-
serted in a lamp socket or baseboard receptacle. The eliminator is
especially valuable when power amplifying tubes requiring com-
paratively high negative voltages are used.
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BOOK NUMBER FIVE
PART I

FUNDAMENTALS COMBINED IN MODERN
RADIO CIRCUITS

N this chapter we will endeavor to outline fundamental circuits
and show how these are combined in various ways to produce the
many up-to-date receiving circuits.

The fundamental circuit of the three-electrode vacuum tube is
shown in figure 1. No matter what kind of circuit is used in the
radio receiver, and no matter what name may happen to be given it,
this fundamental circuit still forms the basis of the receiver.
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In this circuit the input of the tube is, as marked on the illustra-
tion, between the grid and filament, and the output is between the

‘plate and filament. No sources of voltage have been shown on this

fundamental diagram for they may be applied in various ways, as
shall be explained. The only battery shown is that which is used for
lighting the filament, which is always applied in the same manner,
and, to tell the truth, this application is not subject to much variation.

Fundamentally, the action of the electron tube is much the same,
no matter whence or how the various electromotive forces which
operate it are derived. For instance, in figure 2 we have shown
several methods of applying the input voltage to the electron tube,
which is to act in the capacity of an amplifier or a detector of the high
frequency oscillations which constitute the radio signals. Three
methods of obtaining the high frequency voltage to apply to the input
of the tube are shown. Lven these three do not constitute all the
methods that are in use, but are only the most generally used methods.
The main thing to remember is that we must obtain somehow, some-
where, a high frequency electromotive force to apply to the input.
Where or how we obtain it is a secondary consideration, as far as the

1



[ V]

operation of the tube is concerned; this does not affect the operation
of the tube fundamentally, although it may affect the method of tun-
ing the circuits considerably.

In A of figure 2 we have the most generally used method, viz.,
the input voltage to the tube is obtained from the potential difference
established across the terminals of the variable condenser by the high
frequency current flowing in the tuned circuit. This tuned circuit has
an electromotive force induced in it by being coupled to another cir-
cuit carrying a high frequency current, as for instance the antenna
circuit of a radio receiver. In B of figure 2, we have what is com-
monly known as impedance coupling, that is, the potential difference
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to be applied to the input of the tube is that which is set up across the
terminals of an inductance or impedance coil, which may or may not
have an iron core, depending upon whether it is to be used for ampli-
fying high or low frequency voltages. The ends of this impedance
coil are connected to another circuit carrying a high frequency cur-
rent, just as in the preceding case; this other circuit may be the out-
put of a preceding amplifier tube, or, again, the antenna circuit.

In C of figure 2 we have shown what is called resistance cou-
pling ; here the input voltage is obtained as the difference of potential
between the terminals of the resistance indicated, in just the same
manner as the potential difference is obtained in the case of the im-
pedance coupled tube.

There is one remaining system shown in figure 3, which is prac-
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tically the same in effect as that of A, figure 2. This is the untuned
transformer system. The tuned transformer system (A of figure 2)
is tuned by the condenser indicated. In the untuned system this
transformer may or may not have an iron core, depending upon
whether it is required to amplify high or low frequency voltages. It
is generally used with an iron core for amplifying audio frequency
voltages, but the untuned transformer, without an iron core, has often
been used for amplifying radio frequency voltages, in which case a
potentiometer is used to control the tendency toward self-oscillation.
In figures 4, 5 and G we have the complete circuit diagrams of high
frequency amplifiers using three various systems. In cach of the
stages in each of the diagrams a capital letter indicates the funda-
mental upon which the circuit is based. corresponding to the letters
used to identify the systems of figures 2 and 3.
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I
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N 7 ¥
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FIG. 3

In figure 4 we have the tuned radio frequency amplifier, without
any provision made for controlling the tendency toward self-oscilla-
tion. Generally stability is secured in this system by making it so
inefficient that it cannot oscillate.

In figure 5 we have the same tuned system, but this time we
have added a potentiometer, by means of which the system can be
made to oscillate or not, at the will of the operator. The advantage
of being able to make the system oscillate is very great, as the great-
est amplification is obtained when the circuits are operated just at the
point hefore self-oscillation starts. This condition is easily found in
operation, since the instant self-oscillation starts a whistle is heard in
the phones when tuned to any station it is desired to receive.

In figure 6 we have the untuned system, with the exception of



the first stage, which is required to be tuned so as to be able to tune
stations in or out. The tendency to oscillate is likewise controlled by
means of a potentiometer.
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These are the three main systems for amplifying high frequency
voltages, but there are often added to these various other things which
may or may not facilitate the operation and control of the receiver.
One of the most valuable of these additions is a system for auto-

matically controlling the tendency toward self-oscillation. The most
prominent of these systems are Neutrodyne and the Isofarad. The
diagrams of these two systems are shown in figures 7 and 8. Obviously
these may be extended to several stages of amplification.



Both of these systems work on what is known as the “bridge”
principle. We will not discuss this principle here as it is rather com-
plicated. The circuit diagrams are presented so that my reader will
be able to identify them.

In figures 9, 10 and 11 we have three systems of amplifying
audio frequency voltages. In figure 9 we have the ordinary trans-
former coupled amplifier, which, of course, is untuned. The detector
tube is shown connected to the amplifier in all three illustrations, as
this is generally found to be the case in the usual radio receiver. In
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figure 10 is shown an impedance coupled amplifier connected to the
detector. It will be seen that this does not differ essentially from the
case of the transformer coupled amplifier, for in this case the one
winding of the transformer acts as both primary and secondary wind-
ing. The condenser shown connected to the grids of the two last
tubes is for the purpose of blocking off from the grids the high “B”
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battery voltage which would find its way around through the winding
of the coupling impedance and on to the grid. If this should go all
the way to the grid the tube would not act properly.

Figure 11 shows the resistance amplifier, which also is seen not



to differ much in essentials from the impedance coupled amplifier.
The connections are in every respect the same.

The next important part of the radio receiver to consider is the
circuit of the detector tube, which is perhaps moie susceptible to
variations than the amplifiers. The tube circuit as we have shown it
in figure 1 is the unregenerative circuit. There are several methods
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of obtaining regeneration in this circuit, the three most usual methods
of which are indicated in figure 12.

The first method, F of figure 12, is the tickler method, in which a
coil in the output circuit is coupled inductively to the input circuit.
The second method, G of figure 12, is called the tuned plate circuit
method, in which there is included in the output circuit of the tube
a variable inductance of some kind, as, for instance, a variometer.
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The third method, H of figure 12, is an adaptation of the Hartley
oscillator, sometimes called the Reinartz system, which is essentially
the same as the tickler method. In all cases a by-pass capacity is
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required across the terminals of the device which couples the detector
to the audio frequency amplifier, whether it be a transformer, imped-
ance or resistance. In many cases it is not necessary to add a special
condenser to furnish this capacity, as there may be already sufhcient
capacity in the windings of the transformer or impedance to by-pass
the high frequency currents. :

The tickler method may also be used to control the tendency to-
ward self-oscillation by reversing the feed-back and extending it to
one of the radio frequency stages in advance of the detector. This is
the system employed in the Superdyne circuit, which was greatly in

favor during thc nast few years.

There are many other variations of these systems possible, but
after study and the knowledge of the fundamental systems as ex-
plained in this part the student should have no difficulty in identifying
them.



The reflex systems are often difficult to trace out because of the
maze of wiring required in them, and also because of the failure of
most radio writers to draw the circuits properly. In figure 13 we have
the principle of the reflex system, in which the ou‘put of one of the
stages is made to pass into the input of a previous stage, so that the
latter tube is made to perform two operations simultaneously, viz.,
first that of amplifying the high frequency voltages and, second, that
of amplifying the audio or low frequency stages. The high frequency
signal currents enter the radio frequency amplifier at the input, as
indicated, and the passage of the signal is as indicated by the broken
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line and arrows. The high frequency voltages are amplified in the
first tube and rectified in the detector. They then pass on from the
output of the detector to the input of the first tube again, which now
acts as an audio frequency amplifier. The phones or loud speaker are
included in the output circuit of the first tube. By-pass condensers
are required across the terminals of the reflexing transformer and the
phones, so that the high frequency currents can pass by them on into
the detector. These by-pass capacities are too small to affect the low
frequency or audio frequency currrents being reflexed, and ‘the tuning
of the radio frequency amplifier input circuit does not in any way
affect the low frequency currents. The first tube is thus made to act
In two capacities and the two-tube system acts like a three-tube cir-
cuit. All reflex circuits act upon these fundamental principles, and
the whole system is easily seen to consist of nothing more than a com-

bination of the elementary systems shown at the beginning of this
part.
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PART 1I
COMPARISONS OF MODERN RADIO RECEIVING CIRCUITS

URING the past five years, or since the time when broadcast
D reception first started to develop into the present proportions,
the art has seen no end of new receiving circuits and so-called
developments, Many of such ideas are questionable and in some
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cases have been open to ridicule. There have been all sorts of
“dynes,” “flexes” and other names given to supposedly new circuits.
Publicity work in connection with them gets into print, telling a story
to the eager broadcast public all about either the untold distance such
a set will receive, or else a lengthy yarn about its selectivity. All
this, plus a thousand and one adjectives, gives the details of still
another new development in broadcast reception,

And what does all this really mean? Were our well-known radio
engineers behind the times, or incapable of designing and developing
efficient long-distance receiving sets and did they fail to grasp the
fundamental principles of radio communication until the happy days
of broadcasting? The best way to answer such questions is only to
say that we have just a limited number of fundamental circuits on
which all receiving sets are based, despite the many names given to
the present-day offerings. In fact, nothing serves to confuse the lay-
man so much as the appearance every few weeks or so of some new
circuit with some high-sounding name. With but few exception, these
“new” circuits are little more than new names given to old circuits in
slightly revamped form, and in some cases involving added controls
which only go to make a set more complicated.

Thus we learn that when the garnishings are removed from the
majority of circuits which are claimed to be departures, they will

9
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then be recognized as our regular basic circuits. These hasic circuits
are: the crystal receiver, with the most elementary forms of tuning
devices; the vacuum tube receiver, with the most simple form of tun-
ing devices and no provision for regeneration; the regenerative re-
ceiver, in which the plate output of the vacuum tube detector is
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returned, or fed-back, to the grid in order to increase the effect of
incoming signals, and thus produce self-amplification ; audio-frequency
amplification, which is used in connection with all kinds of receivers
in order to increase the audio-frequency output so that it will operate
telephone receivers with sufficient volume. or operate loud speakers;
tuned radio frequency amplification, in which each stage is tuned so
as to secure the transfer of radio energy from one stage to the next
before being detected by the rectifying agent or detector; untuned
radio frequency amplification, making use of transformers which re-
quire no adjustments such as variable condensers or coils for tuning;
the reflexing arrangement of a circuit, whereby a set of tubes is made
to do double duty. first as radio-frequency amplifiers and then as audio-
irequency amplifiers; and then the super-heterodyne system, whereby
the incoming radio wave is plaved off against a locally generated
wave, so that the difference between the two or so-called “beat” effect
is of suitable frequency to be handled efficiently by intermediate fre-
quency amplifiers, and passed on to a second detector for conversion
into an audio frequency current.

It should be observed that two or more of the foregoing funda-
mental or basic circuits are often grouped into one receiver. There-
fore, we find regeneration combined with audio frequency amplifica-
tion, radio with audio frequencv amplification ; regeneration combined
with radio frequency amplification followed by audio frequency ampli-
fication, reflexed super-heterodyne systems, etc.. until there is hardly
an end to the numerous combinations that can be made. Conse-
quently, if the present-day receiving circuits are carefully analyzed
they can soon be traced to the basic components.
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In the accompanying illustrations in which each diagram will be
shown in schematic and in conventional manner will be seen various
circuits which show different means of tuning arrangements in con-
junction with crystal and vacuum tube detectors, and vacuum tubes
used in the role of both radio frequency and audio frequency ampli-
fiers. and in reflex circuits employing each certain tube for radio
and aundio frequency amplification, and the vacuum tube as an oscil-
lator in super-heterodynes.

Crystal Circuits

The crystal receiving set as commonly used is the least expensive.
The simplest set consists of a crystal detector, phones, aerial and
ground as shown in Fig. 1. By the addition of a tuning coil or vario-
coupler it is possible to tune the set. Tuning is to be preferred, of
1c'ourse, as it helps to eliminate stations to which one does not wish to
isten.

CAVSTAL OCT AUDIO
TRANSF

TO ALRiAL RADIQ FREQ
N

. SCRCT TRANSF
A VAQIABLE
£ CONDENSER
~ SECONDARY 2

" POTENTIOMETER - 700 OWMS ‘B BATT 45-80V

AgRIAL
001 MF Q ,C:'s'::}“ YAl
o i
. 4 S 00t 93‘ s
P S ’. MF -~ <
<
; o ) PrONL S
VAR %
Pt ot 3
=~ 001 MF
- -
00l MF _-ﬂ.@"l“l_"kt_'a_' 45-90V
tno

Fig. 8

There are various ways of accomplishing this, i. e., by means of
various tuning devices, such as coils and condensers. The range of
the crystal set is small, and on the average it is capable only of receiv-
ing signals within a distance of twenty miles from the broadcasting
station. This range depends entirely on the power of the transmitting
station, the size and location of the aerial, and the sensitivity of the
crystal. With this type of instrument the music and other programs
are almost an exact reproduction of that delivered into the transmit-
ter, as very litiue distortion occurs. This is due to the faithful recti-
fying properties of crystal detectors which are not characteristic of
the vacuum tube. Head phones must be used with this set, although
no batteries are required. Receiving sets of this class are gradually
losing their popularity, for as the owner becomes more interested in
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radio, he feels hampered with only a crystal set and wishes to reach
farther out into the ether for more distant stations.

Vacuum Tube Circuits

The vacuum tube receiving set consists of essentially the same
apparatus as the crystal receiver, except that a vacuum tube is used
instead of a crystal for a detector, as will be noted by studying the
accompanying diagram Fig. 2. This set has a distinct advantage over
the crystal set, inasmuch as the detector remains adjusted once it is
set, while the crystal requires careful adjustment and is easily jarred
from a sensitive position. Another advantage of the vacuum tube set
ds that it is more sensitive than the crystal.

Detector and Amplifier Circuits

The detector amplifier instrument shown in Fig. 3 is one in which
the signals are detected by a vacuum tube and then strengthened by
means of two stages of vacuum tube amplification to such an extent
as to permit the use of a loud speaker. Such strengthening devices
are known as audio frequency amplifiers. The diagram given here-
with shows the method of amplifying at audio irequency, employing
audio frequency transformers.

Regenerative Circuits

By means of the regenerative circuit, one of which is shown in
Fig. 4, detection and amplification with a single tube may be obtained
in a receiver, which will give great sensitivity on distant signals.
This set differs from others in that a regenerator or tickler coil is
used, and its function is to build up or amplify the received energy.
By the use of this circuit very weak signals may be heard. This set
requires a little more careful adjustment than the other receivers
mentioned, as when oscillating it has a tendency to radiate energy and
cause disturbance to other receiving sets in the vicinity.

Regeneration is commonly employed in radio receivers, as this
form of circuit produces self amplification, by means of either variable
coils or condensers. However, many people are prejudiced against
forms of regenerative circuits due to the reason that they have a
tendency to howl or squeal. This is not always true, as, when prop-
erly controlled, the regenerative circuit gives good tonal quality =nd
does not cause annoyance. '

Tuned and Fixed Radio Frequency Circuits

There are several ways in which radio frequency amplification
may be accomplished, chief of which is the tuned transformer method.
The second important one is the fixed transformer method in which the
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various stages of radio frequency amplification are coupled together
by means of radio frequency transformers composed of fixed winding.
Each method has its advantages and disadvantages. Thus the tuned
method is considerably more efficient on short wave lengths employed
by broadcast stations than the transformer method. But on the other
hand the tuned method involves an additional control for each radio
frequency stage. Such receivers are usually provided with a potentio-
meter adjustment in order to stabilize the circuit; that is to say, the
capacity of the tubes in the radio frequency amplifier causes a feed-
back of energy from the plate to the grid, and thus gives rise to
oscillations. Figures 5 and 6 respectively show how fixed transformer
coupled and tuned radio frequency amplification are accomplished.

One of the most popular types of tuned radio frequency receiver
employs condenser tuned transformers such as used in the well-
known neutrodyne receiver as shown in Fig. 7. In this particular
circuit attention is called to stabilization of the regenerative effect of
the capacity coupling between plate and grid of the vacuum tubes.
Neutralizing condensers are connected between the grids of successive
tubes, and can be adjusted to balance or counteract this coupling
effect. Similar methods are now being employed in various forms of
radio frequency amplifying circuits, as well as reflexing systems, with
good success.

Reflex Circuits

In the foregoing we have mentioned various means of amplifica-
tion, including that of the very popular methods of radio frequency
amplification. However, the reader can learn more as to the general
scheme employed in various types of circuits by carefully studying the
diagrams given in connection with this book than the writer is able
to convey in the amount of space available for this subject.

From these methods we can pass on to the reflex, which uses the
same tube as both radio and audio frequency amplifier. This type of
receiver is very popular nowadays as it means a saving in the number
of tubes to be employed for desired results. This ingenious arrange-
ment of components is usually associated in conjunction with a crystal
detector, which gives comparatively true tonal reproduction. The
reflex idea may be applied in a wide variety of ways, ranging from a
single tube crystal detector, as shown in Fig. 8, to a multi-tube circuit
for use with loop reception.

Super-Heterodyne Circuits

The modern Super-Heterodyne receiver is based on the fact that
amplification of radio signals at radio frequencies is accomplished
with much greater efficiency at comparatively high wavelengths. In
other words, maximum amplification at radio frequencies cannot be
obtained on the wavelengths used for broadcasting in this country,
i. e., under six hundred meters. It was found that by increasing the
wavelength (decreasing the frequency) of the original signals much
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greater amplification is possible. The Super-Heterodyne does this by
means of oscillations generated within the receiver.

In this system, the incoming signals are intercepted by means of
a regular antenna or a small loop aerial. These signals are detected
in the usual manner and then combined or super imposed on oscilla-
tions produced by a local generating system which is a component of
the receiving circuit. The local frequency is arranged in such a man-
ner that the difference between the incoming signals and the local
oscillations will be a certain definite frequency, much lower (higher
wavelength) than the original signals. This difference frequency is
determined by the constants of the oscillator circuit and the new sig-
nals are passed to a radio frequency amplifier. In the amplifier circuit
only waves of a certain pre-determined frequency will be passed and
amplified and therefore the adjustment will automatically have to be
such that high wavelengths are employed in the radio frequency am-
plifier and the result is increased efficiency,

The amplified signals are passed to a second detector and after
being rectified are amplified at audio frequency in the standard man-
ner. The main advantages of such a system are extreme sensitivity
due to the high amplification at radio frequency, and unusual selec-
tivity. A good Super-Heterodyne may be operated on a small loop
for reception over long distances under good conditions and the vari-
ous circuits that come under this heading enjoy wide popularity.

To better understand the diagrams referred to in this part, we
recommend that the reader study the following chapter.




PART III

HOW TO READ RADIO DIAGRAMS

culty in interpreting a radio circuit, it is the purpose of this chap-

ter to point out in a clear and concise manner the various parts
of a radio receiving circuit, the symbols used therein, etc., so that he
will be able to understand the various circuits clearly.

In Fig. 1 we have shown a complete circuit incorporating one stage
of tuned radio frequency amplification, a regenerative detector, and
two stages of audio frequency amplification. As we proceed with this
chapter each element of this circuit will be taken up and discussed,
until ultimately the entire circuit will have been thoroughly covered.

Let us refer to the illustration, Fig. 2. This shows in heavy lines
the “A” battery circuit, which heats the filaments of the vacuum tubes.
At the bottom of the illustration will he seen a small circle marked
“A—"". In tracing along this line, which represents the wire from the
negative post of the “A” battery, we come to a wire running at right
angles, which joins the upright wire, but for the time being this hori-
zontal wire will be disregarded. Continuing by this point we come to
a second horizontal connection, but this is again disregarded as we are
not interested in that part of the circuit at present. Next we come to
a small arrow pointing to a zig-zag line. This is the electrical symbol
for a rheostat and this one is the rheostat controlling the filament of
the radio frequency amplifier tube. The radio frequency amplifier will
be explained later on. The filament within the vacuum tube is repre-
sented in this instance by an inverted “V”. A filament may also be
indicated -by an inverted “U”, Leaving the filament the wire runs
downwards again and we come to a small curve in the line, with a
horizontal line passing beneath. This means that the wires jump one
another and there is no electrical connection between them, Next we
come to a joined wire which is also for the moment disregarded, and
then we continue on to a small circle marked “A-" representing the
positive post of the “A” battery, which is usually connected to the
negative post of the “B” battery, as indicated by “B—" in the illustra-
tion. We have now completed the filament circuit for the radio fre-
quency amplifier tube, and the reader will readily see how the current
flows from one post of the “A” battery through the rheostat, fila-
ment and then back to the other post of the “A” battery.

The reader will recall that immediately after we left the point
marked “A—" we came to a line running off at right angles which we
then disregarded. We will now take up this line, together with the
other horizontal line immediately below it, which is connected to the
positive line (marked “A4") of the “A” battery. Starting along the
upper one of these two horizontal wires it will be noticed that it con-
nects with the lower horizontal wire, the “A4" lead, rheostat of the
second tube (the detector), through the filament, and jumping the
first horizontal line, which is the “A—"" lead, connects with the lower
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IN view of the fact that the student may at first have a little diffi-
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horizontal wire the “A+" lead, completing the filament or “A” bat-
tery circuit for the detector tube. Continuing along the horizontal
“A—"" line we notice a repetition of the connection just described,
i. e., through the rheostat, filament and back to the horizontal “A+4"
line. This is the filament circuit of the third tube, this tube being the
first stage audio amplifier. Continuing further along the “A—" line
we find the line going first to the filament of the fourth tube (the
second stage audio amplifier), through the resistance (rheostat) and
back to one side of the filament lead of the first audio amplifier, thence
back to the detector tube lead, and next to the radio frequency ampli-
fier tube lead and finally to the “A+" post of the “A” battery.

We have now completed the entire “A” battery circuit. In prac-
tice the “A” battery is either a storage battery, or dry cells, depending
upon the type of tubes used in the receiver.

In tracing the “A” battery circuit we showed how it ran through
the filament of the radio frequency tube, the detector tube, and finally
through the filaments of the first and second audio frequency ampli-
fier tubes, and it is believed advisable to explain, very briefly, at this
point just what duties these different tubes perform. The first tube
on the left is the radio frequency amplifier which serves to build up
the weak impulse received, so that a stronger impulse may be passed
on to the detector in order to more readily actuate it. The detector
converts this inaudible electrical impulse into sound, making it aud-
ible, and the audio frequency amplifiers, placed after the detector,
strengthen this sound to a degree of intensity sufficient to operate a
loud speaker.

Now let us turn to the diagram. We will next take up the “B”
battery circuit. The negative post of this battery is indicated by
“B—""at the lower left hand of Fig. 3, and in this circuit goes to the
positive post of the “A” battery, marked “A4". The post marked
“B+ Det.” is known as the detector tap on the “B” battery, and may
range in voltage from 1614 to 45 volts, depending upon the type of
tube used. The lead from this “B+4 Det.” post goes through the
interstage jack, then through the coil marked “Tickler feed back coil”’
and thence to the little oblong within the heavy circle, this oblong
representing the plate of the detector vacuum tube, and it always indi-
cates the plate of a tube in any circuit. This circuit is known as the
plate circuit of the detector tube, and is the only point to which the
“B+4 Det.” post is connected.

The leads from the post marked “B+4 Amp.” will be noted going
to two different points, the lead starting off vertically going through
the primary of the radio frequency transformer and thence to the plate
of the radio frequency amplifier tube. This is the plate circuit of the
radio frequency amplifier. The other lead from this same post “B-+
Amp.” it will be seen goes to the bottom of the symbol marked “Jack”
and thence to the top of the symbol marked “Inter-stage jack”,
through this to the plate of the audio amplifier tube. This is part of
the audio frequency amplifier circuit.

There are three circuits in a vacuum tube, two of these, namely
the “A” and “B” battery circuits, have been already covered, and the
third—the grid circuit—will now be pointed out. Referring back to
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Fig. 2, the large circle at the extreme left, within which is a zig-zag
line, an oblong and an inverted “V”, is as explained the symbol for a
vacuum tube as used in radio, and in this instance it is the radio fre-
quency amplifier tube. Starting with this zig-zag line (the symbol
for the grid) we come to a series of loops, which represent the sec-
ondary of the radio frequency transformer. So much of the circuit is
called the grid lead. Going through the secondary of this transformer
we return to the negative post of the “A” battery, the portion of the
circuit from the series of loops being known as the grid return. Start-
ing from the grid of the second tube from the left, the detector, we
come first to two heavy vertical lines (the symbol for a fixed con-
denser) above which is shown a zig-zag line (in this instance a
resistance) these being respectively the grid condenser and grid leak,
and in all circuits these two will immediately enable the reader to
locate a detector tube, as they only appear in the grid lead of the
detector and never in the grid leads of any other tube. From this
grid condenser and lead we pass through the secondary of the tuning
transformer (marked “Radio Freq. Transf.”) and thence back to the
“A+"lead. This completes the detector grid circuit. From the grid
of the third tube, the first audio frequency amplifier, we pass through
the secondary of the symbol marked “Audio Freq. Transf.” to the
negative post of the “C” battery, through the secondary of the second
audio frequency transformer and finally to the grid of the fourth tube,
the second stage audio amplifier. This is the grid circuit of the audio
frequency amplifier. The positive post of the “C” battery marked
“C+” goes to the “+” or positive post of the “A” battery.

Thus far we have covered the “A,” “B” and “C” batteries and the
grid circuits. We will next explain how the radio frequency circuit
may be identified. On the extreme left at the top of Fig. 1 will be
seen a symbol for an aerial, being so marked in the diagram. The
aerial goes to the primary of the radio frequency transformer and
thence to the ground. The secondary of this transformer is in the
grid circuit of the radio frequency amplifier tube. This secondary
coil is shunted (connected across) by two heavy horizontal lines cut
by an arrow. This is the electrical symbol for a variable condenser,
and it is placed across these terminals to enable the radio frequency
transformer to be tuned to each incoming wave. The plate of the
radio frequency amplifier tube (indicated by the oblong in the circle)
goes to the primary of the second radio frequency transformer (more
commonly called the “tuner”) and thence to the “B4+ Amp.” post.
The secondary of this radio frequency transformer, or tuner, is in the
grid circuit of the detector tube. This secondary coil is also shunted
by a variable condenser to permit tuning it to the various waves.

The detector in the circuit illustrated is of the regenerative type.
It will be seen in Fig. 3 that the plate of the detector tube goes to the
coil marked “Tickler feed back coil”, thence to the inter-stage jack
and to the “B+ Det.”. In this system a portion of the current in the
plate circuit is fed back through the tickler feed back coil to the grid
circuit, and is passed through the detector tube a second time, pro-
ducing increased amplification.

In a non-regenerative detector the “Tickler feed back coil” is
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omitted and the lead from the plate of the detector tube goes direct to
the top of the inter-stage jack.

The “inter-stage jack” just mentioned, and indicated immediately
to the right of the detector tube in Fig. 1, is placed in the circuit so
that if a telephone plug is inserted in this jack it causes the top and
bottom leaves of the jack to separate, and the circuit is then from the
detector through the phones to the “B’” battery and there is then no
audio amplification in use. However, if the plug is removed from
this inter-stage jack, these two leaves come in contact with the inner
two, as will be seen in the illustrations, and the circuit is then through
the primary of the first audio frequency transformer. Each audio
frequency transformer has a primary and secondary winding, the
signal from the detector being stepped up in volume from the primary
to the secondary. The secondary of the first audio frequency trans-
former goes to the grid of the first audio amplifier tube, and also to
the secondary of the second audio frequency transformer (see Figs. 1
and 2). Immediately to the right of the first audio amplifier tube will
be seen a second “Inter-stage jack.” When the phone plug is inserted
in this jack, the circuit is through the phones to the “B+ Amp.” post,
and one stage of audio amplification is in use, but when the phone
plug is withdrawn the upper and lower leaves of this jack resume
their normal position and make contact with the inner leaves, passing
the signal on to the primary of the second audio transformer, to be
stepped up and passed on to the last audio amplifier tube for still
greater amplification. The plate of this tube goes to the top leaf of
an open circuit jack. The bottom leaf goes to the “B4 Amp.” post.
Plugging in this jack affords ample volume for loud speaker opera-
tion, but it is not advisable to attempt to use head phones in this jack,
as the volume will be too great for comfort.

Fig. 4 shows in symbol and picture form how “B” batteries are
connected in order that the student may distinguish them in circuit
diagrams. :

The electrical signs and symbols explained and indicated in this
chapter are standard and will apply to all circuits, and it is believed
that if the reader will become familiar with them, no trouble will be
experienced in understanding any radio receiving circuit that may be
encountered.




PART 1V

LOCATING COMMON RADIO SET TROUBLES

HERE are so many sources of possible trouble in the average
I radio set and so great an aura of mystery has been thrown
around the subject, that a goodly percentage of broadcast lis-
teners are prone to call for a radio technician at the first sign that all
is not well with the outfit. Naturally, if the radio owner has a work-
ing knowledge of the nature and purpose of the various parts of his
set, he will be quite apt to find any possible trouble with a minimum
of difficulty. The great majority, however, are forced to rely on out-
side assistance or advice.

While there are some hundreds of ways in which trouble may be
encountered in a radio set, there are actually very few which are likely
to occur under normal conditions. In a good majority of cases
troubles with the average radio receiving set can be found and rectified
in a comparatively short time.
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7/ =
CEAD-IN TOUCHING HOUSE 4

LEAKY INSULATOR” _
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POOR GROUND CONNECTION ——~

1
3
DEFECTIVE INSULATOR

Fig. 1

If this were a technical book dealing with radio sets merely
from a standpoint of general discussion of prevalent ills, the subject
could be handled without any attempt at a regular order of procedure.
As it is intended to present a ready means whereby the uninitiated
may hope to solve any ordinary problems that may come up in the
operation of their sets, it will be necessary to work from effect to
cause. That is to say, the common effects will be given, and in the
following parts of this book will be found charts and tests for locating
troubles.

In addition to any defects that may be found due to developments
while the set is in operation, there may also be difficulty in placing a
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set in actual operation. Omne of the most important details in the
installation of a receiving set, except where a loop aerial is used, is
the erection of the Aerial (Antenna). To begin with, the size of the
aerial will be a matter to be decided according to local conditions and
the nature of the set. If the receiving set is very selective it will be
safe to use a rather long aerial, placed as high as possible. If, on the
other hand, there are a great many local stations and the receiver is
not particularly selective, it will be well to compromise with a shorter
aerial in order to eliminate some of the interference. The same rule
will apply as far as height is concerned; the higher the aerial, gen-
erally speaking, the more likelihood of interference. For ordinary
conditions the aerial may be about 125 feet long over all, elevated
from twenty to forty feet.

Some care will be necessary in insulating and making the con-
nection for the lead-in. High resistance connections or poor insula-
tion result in loss of energy, which in the receiving of radio signals is
never advisable, as the power is feeble at best. Where the lead-in

VARIABLE COND.

YOLTMETER TEST TEST FOR QPEN CIRCUIT TESTING VARIABLE CONDENSER FOR

ACROSS FILAMERTS IN TRANSFORMER SHORT CIRCUIT BETWEEN PLATES
FI6. 2 F16. 3 FiG. 4

wire enters the house, use some form of tube such as a porcelain lead-
in insulator. ,

The aerial should never be run parallel with and close to power
or telephone lines, as interference due to cross induction may occur.
The ground connection can be made to steam or cold water pipes
(the cold water pipe being preferable), the connection being made
tight by use of a clamp. The pipe should always be scraped clean
before the connection is made. In use, a well-constructed aerial will
seldom give any trouble. It will be well, however, to look at the
lead-in connection occasionally to make sure it has not corroded or
loosened. For further information refer to Book Two, Part 11I:
“Aerials and How They Are Installed” in this series,

The illustration Fig. 1 shows several points in the aerial system
where trouble may be encountered. These points should be given
close attention to avoid corrosion or break down of insulation,

The common ailments of a receiving set will be taken up now,
first as to their general effect, then as to the specific effect or symp-
tom, followed by a list of the parts which may cause the trouble, the
test to apply and the cause as indicated by the results of the test,
concluding with the remedy in each individual case.

Probably the most common general difficulty will be lack of re-
ception—i. e. no signals. Here we may find that the filament does not
light. This will be due in practically all cases to difficulty in the fol-
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lowing parts: The filament of the vacuum tubes, “A” battery connec-
tions, sockets, jacks (where filament control jacks are used), or the
filament rheostat. Again it may be found that the tubes light but no
signals are audible when the phones are plugged into the detector
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stage, or signals may be audible in the detector stage but not in
the amplifier stages. These specific effects will now be taken up in
sequence, together with the necessary tests and remedies.

A. TFilament of one or more tubes fails to light:

Test tubes. Place a voltmeter across the filament terminals of
each socket in succession (Fig. 2). If proper voltage is indicated,
and examination shows the prongs of sockets to be making good con-
tact, it is a safe assumption that the tube is defective, the remedy being
its rep]acemcnt.

“A” battery connections. If voltmeter test shows no reading,
and there is no reading when it is placed across the “A” battery posts
of the receiver, the “A” battery may be discharged or worn out, or its
connections may be found faulty if storage battery is used. Test bat-

tery with a hydrometer and examine the battery leads for a possible
break or loose connection.
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Sockets. Voltmeter across terminals shows proper reading and
tube lights when placed in another socket. "This indicates the socket
prongs are not making connection with tube, Bend them up slightly
1o make proper contact.

Rheostat. “A” battery is in good condition but proper voltage is
not shown across terminals of tube. 7Trace wire from filament ter-
minal on socket to its connection on rheostat. Place voltmeter across
the input side of rheostat and the other filament terminal on socket
(the one not connected to rheostat). If full voltage is shown it
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indicates that rheostat is faulty. See if sliding contact is making
proper connection—if so, a wire from the battery is probably broken,
which generally means replacement.

Jacks. TIf all above tests are made without locating cause, and in
the event that filament control jacks are used. take reading across
input terminals. If proper voltage shows there, but not at sockets.
and the rheostat test as above has been non-productive, clean contact
points on jack. If this does not remedy the defect replace with new
jack. Tt may be possible that the contact points are not touching. If
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this is found to ve the case, bend the leaf springs of the jack so as to
make proper contact.

B. Tubes light but no click results when phone is removed from
jack:

This may be due to dead “B” battery or poor connection, defective
jacks, open circuit in phones, of broken wire in tickler coil (in case of
regenerative set), faulty sockets or grid circuit connections.

The remedies follow :

“B” battery connections. If test with voltmeter across battery
terminals shows little or no reading, replace with new batteries.

Phones. If battery is found in good condition, place a small cell
across the two terminals of phone plug. No resultant click means
defective plug or dead phones. Try same test across the terminals of
phones (not the phone cord) and if the result is still negative, phones
are defective. If phones are good but no click is heard when cell is
across plug, it means phone cords are loose or broken, or defective
plug. Replace either or both.

Jacks. If phones test all right, battery and battery connections
are good, but no click is heard on withdrawing plug, the plug is not
making contact with jack. Raise prongs of jack and clean contact
points.

: Sockets. If no click is heard when all above tests show conditions
good, adjust prongs of the tube sockets.

Tickler coil. Trace connections of tickler and if no open is found,
disconnect coil leads and test for continuity of wiring by using small
cell and phones. The illustration (Fig. 3) shows method of testing
the windings of an audio-transformer and this method applies to any
coil. (It may be necessary to use a larger cell or “B” battery in the
case of transformer due to high resistance.)

If above conditions are right and only weak click is heard when
plug is withdrawn, examine grid terminal of tube. Make sure con-
nections are all solid in this part of the circuit.

Amplifiers. Fig. 5 shows common faults in the audio amplifier
circuit, and Fig. 6 radio frequency amplifier faults.

In the following parts of this book will be given charts and
detailed tests for locating causes of troubles in order that the student
may use this book as a guide. .




PART V

CHARTS FOR LOCATING CAUSES OF TROUBLES

General Part I Cause and How to Remedy the See
Symptom Afflicted Defect Test
No signals when |Aerial ur Aerial or ground lead may be dis-
phone is connected|ground. connected. Is often caused by binding
to detector jack. | pusts working loose. All connections s
should be cleaned and properly
soldered.
Lightning Lightning arrester may be short-
Arrester, circuited which would ground the
aerial. Remove arrester and test the
set. If signals O.K. replace with new s
lightning arrester. Do not attempt to
repair it.
Tuning coils Open circuit in the windings. This
open circuited. |usually occurs where taps are taken
from these coils. Also where con- 7T&8
nections are made to the ends of the
coil windings.
Short circuit Usually caused by soldering flux
in tuning coils. |getting on the windings; also due to 11
broken or defective insulation. Coils

should be rewound.

‘T'ube socket.

Tube prongs not making contact
in the sockets. Clean tube prongs and
socket contact springs and bend up
the latter slightly to insure good con-
tact.

“B” battery
voltage too
high.

20

Too much “B” battery may paralysc
the detector tube making it inopera-
tivee. Try various voltages until best
results are obtained.

29

Grid condenser
open.

Sometimes the heat of soldering will
cause an open circuit in the condenser
by melting off the internal connec-
tions. Replace with new condenser.

18
28

“B” batteries
exhausted.

Check the “B” batteries with a volt-
neter and if they have dropped to
two-thirds of their rated voltage they
should be discarded.

Grid coil dis-
connected.

Test for open circuit between grid
condenser and filament leads.

1 &9

Fixed condenser
across phones.

‘Lhis condenser may be short-cir-
cuited, or if amplifiers are used it
may be the condenser across the
primary of the first transformer,

18
83

Telephone re-
ceiver.

May be burned out or short-cir-
cuited.

Phone plug.

| Defective or short-circuited. |

31

1&18
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THE RADIO TROUBLE FINDER

General |
Symptom

Part
Afflicted

Cause and How (0 Remedy the
Defect

See
Test

(Continued)—

No signals when
phone is connected
to detector jack,

Telephone re-
ceiver terminals
reversed.

The majority of phones using mag-
nets acting directly upon the dia-|
phragm have one of the cords marked|
with a red thread in the covering.
This marked cord should be connected
to the “B” battery plus terminals. A
reversed connection will cause the
plate or “B” battery current tc de-
magnetize the phone magnets and
make them inoperative, Reverse the
leads.

Signals weak when
phone is con-
nected to detector
tor jack,

Primary circuit
not tuned.

When tuning is broad it is due

usually to the coupling betwcen the
primary and secondary windings of
tuning coils being too close together;
or may be due to too many turns of
wire on primary. Space primary and
secondary further apart and remove
some of the wire from the primary
winding.

Tickler coil
reversed.

1f the receiver uses regeneration the
tickler coil may be reversed. Reverse
the tickler leads and test for best re-
sults.

Tuning
condensers.

Condensers may be poorly insulated.
Fibre ends on condensers are subject
to leakage and cause trouble which is
hard to locate. Use only condensers
with bakelite insulation,

Tube socket,

Grid condenser

short circufited.

Tube prongs making poor contact
in socket. lean tube prongs and
socket contact springs, and bend up
the latter slightly to insure good con-
tact.

20

Short circuited. This is often caused
when soldering leads to the mica grid
condenser, the flux flowing between
the metal lugs and over the edges.
Discard condenser and use small bolts
for connecting up the new one, insert-
ing the bolt through the small holes in
the condenser and fastening the leads
under the nuts of the bolts.

Grid leak.

Resistance of grid leak too low. 1f
the resistance of the grid leak is tou
low it allows the charges on the grid
to leak off too fast and full volume of
signal is not obtained. Try different
values of resistance and test for best
results,

“B” battery.

Too much “B” voltage on plate of
tube may paralyze it. Try various
voltages for best signals.

29

Excessive fila-
ment current.

Keep filament voltage as low as
possible. Burning tubes too brightly

causes loss of sensitivity.
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General Part Cause and How to Remedy the See
Symptom Afflicted Defect Test
(Continued)— . . .
Signals weak when|Grid condenser Sometimes in soldering to the grid
phone is connected{open circuited. [condenser the heat melt's the internal 1
to detector jack. connections. New grid condenser, 13
* wmust be used.
Batteries run Check the “B” Batteries with a volt- -
down, meter and if they have dropped to
two-thirds of their rated voltage dis-
card them if dry cells; recharge if 2
storage battery. If dry cell “A” bat- 4
tery replace, and if storage battery
test with hydrometer and if below
1.170 recharge.
Phone plug. Defective or short circuited. 1&15
Phone terminals | Cord with red thread woven in it
reversed. should go to “B” plus terminal -
Scraping, scratch- | Aerial. Aerial swaying against conducting 6
ing, or ﬁnocking objects partially or wholly grounded. '
sound when con-  [Tuning coils. Coils loose or vibrating. Flimsy
nected to detector construction of the apparatus allows
Jack. relationship of coils to change with —
the least vibration. Tighten up the
loose parts.
Variocoupler, Poor contact at bearings of vario-
variometer or coupler, variometer or condenser.
variable con- After being used a while this trouble 1
denser., develops with most instruments using 9
current carrying bearings. Can be 10
exible leads 14

cured by bringing out
and arranging stops on instruments to
prevent these leads from twisting.

Switch levers.

I’oor connections at switch points or
switch levers. Use a switch with
panel bushing having snug fittin:
shaft with spring tension. Clea:
switch occasionally.

Variuble con-
densers dirty, or
short circuited.

Dust gets between the plates of
variable condensers. Clean with a
pipe cleaner. Plates sometimes touch,
causing loud clicks; bend plates back
into proper shape.

Grid lcak re-
sistance too high.

Rheostat.

The grid leak is intended to allow
the charges on the grid to leak off
slowly. If too high, the charge col-
lects and makes the grid too negative,
thus stopping the action of the tube.
The cure is to reduce the resistance
of the grid leak.

22

Deleclive rheostut. A loose comuec
tion in the rheostat gives an unsteady
current. Can be detected by change
in brilliancy of tube filament or by
change in signals when rheostat knob
is jarred.

17

Plate or grid
leads.

Plate lead touching grid leads ur
running close to them. This results in
a feedback either by actual contact or

by capacity effect. Separate the leads.

27
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General Part
Symptom Afflicted
(Continued)— - =

Scraping, scratch-
ing, or knocking
sound when con-
nected to detector
Jjack,

Plate lead touch-
ing aerial lead.

Cause and How to Remedy the
Defect

See
Test

In a loose coupled tuner this results|
in a capacity feedback and where the
ilament is grounded, it short circuits
the “B” battery. Separate the leads.

Phone cords
defective.

The tinsel cords used often become
broken by continued bending and
eventually make a very poor contact
that is noticeable every time the phone
cord is moved. Replace with new cord.

Whistles, Squeals
and Hisses when
connected to
detector jack,

Static.

Can only be reduced by using loop
or indoor aerial. Cannot as yet be

entirely eliminated.

Tickler coil.

T'oo much wire on tickler coil. The
large number of turns in use gives
such a strong field that energy is fed
back to th: grid, regardless of how
rotor is turned. Remove some of the
wire from the tickler coil, keep on
turning the rotor, till the set goes
smoothly into oscillation; this is indi-
cated by a dull thud instead of a
harsh squeal.

Grid condenser.

Grid condenser short circuited. Re-

place with new condenser. % 1Y
Grid leak re- Reduce the resistance of the leak 29
sistance too high.|until best results are obtained. =
“B” batter Too high “B” voltage has a tend-
voltage higl ency to make a tube oscillate. Re- 29
duce voltage until this tendency is
eliminated.
“A” battery Filaments should be heated to the
voltage high, lowest degree consistent with good sig-
nals. To use excessive filament volt- -
age only shortens the life of the tube.
Plate and grid Plate and grid leads should not
leads. touch or run close together. Keep 27
well separated.
Plate and ground| Plate and ground leads should not
leads. run parallel or touch; this causes a —_
feedback effect resulting in howls.
Aerial lead. Aerial lead should not touch plate
leads. In loose coupled sets this re-
sults in a capacity feedback and if e
the filament is grounded, it short cir-
cuits the “B” battery.
Batteries run Test “B” battery with voltmeter, if
down. it has dropped to two-thirds of rated
voltage it should be discarded, if
storage “B” is used recharge it. If 2
storage “A” battery is used test it 1
with hydrometer; if it registers below
1170 recharge it; if dry cells are
used they should be discarded when
low.
Transformers If the set employs radio frequency
(radio amplification before the detector, the 24

frequency).

transformers may be too close. The
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General Part Cause and How to Remedy the See
Symptom Afflicted Defect Test
(Continued)—
Whistles, Squeals transformers feedback from the plate
and Hisses when to the grid and cause oscillations.
connected to Space them further apart and mount
detector jack. at right angles to each other.
Radio frequency ™ Radio frequency filaments are
tube filaments ~ |rather critical and need close adjust-
too bright. ment to prevent them from going into -
_ oscillation.
Scaa mg,ln scratch- ‘Tube elements When rigidily attached to the base
and knocking vibrating. of the set, slight vibrations will cause
sounds in amplifier the tube elements to vibrate. This is
circuits, particularly noticeable with the small
tubes using dry batteries on the fila- 20
ment. The cure is to use cushioned
sockets or mount sockets on sponge
rubber. Rubber feet on cabinet w%ll
also aid.
Tube sockets. Moulded sockets usually have poor
insulating properties. Metal sockets 20
with a fibre base are just as bad.
| Use bakelite or porcelain sockets.
Rheostat. Loose connection in the rheostat
gives an unsteady current. Can be
detected by change in brilliancy of 17
tube filament or by change in signals
when rheostat knob is jarred.
Transformers. Transformers burned out or par-
tially short circuited should be taken 19
out and replaced with new. .
Moisture in This would short circuit the wind-
transformers. ings. A heated electric light bulb hun
in the cabinet of the set for sever 19
hours will dry out the moisture.
Phone plug. Defective or short circuited. Dis-
connect plug and test to see if current 1
will flow from one terminal to the 15
other when disconnected from headset.
Whistles, Squeals |Plate and grid Plate and grid leads should not|
and Hisses in leads. touch or run parallel. This causes
amplifier civcuit. tubes to oscillate. - Keep leads well 27
separated.
Batteries run Test “B” batteries with voltmeter T
down. and if they have dropped to two-thirds
of their rated voltage discard them;
if storage “B” is used recharge it. If 2
dry cell “A” battery is used discard 4

Transformer

it; if a storage battery is used test it
with hydrometer and if reading is
helow 1.170 recharge it.

primary and
secondary leads

Howling and squealing can some-
times be prevented by changing leads
on the transformers. Keep reversing

reversed. the leads wuntil a stable condition
exists.

Transformers Audio  frequency  transformers

too close should not be mounted too close to-

together. gether. When mounting they should

be kept well apart and set at right

19

angles to prevent interaction.
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General Part Cause and How to Remedy the See
Symptom Afflicted Defect Test
Weak or Distorted| Tube socket Tube prongs making poor contact
Signals through |dirty. in the sockets. Clean tube prongs and 20
Amplifier. socket contact springs, and bend up
the latter to insure good contact.
Tube socket Mouided sockets generally have
defective. poor insulating properties. Metal
sockets with a fibre base are equally 20
bad. Bakelite or porcelain should be
used.
Rheostat. A loose connection in the rheostat 7
_____________ lgives an unsteady current.
“B” battery Excessive “B” battery voltage on
voltage too the plate of tubes has a tendency to 20
great. cause distortion. Decrease the voltage
and note effect on clarity.
“A” battery Using excessive filament current
too high. make tubes have tendency to oscillate, —_
resulting in distorted signals.
Batteries run Discard or recharge respectively if 2 &4
down. dry cells or storage battery used.
Phone condenser |~ Phone condenser may be short cir-
short circuited. |cuited, or the condenser across the 1
primary of the first audio frequency 18
transformer may be short circuited.
‘Transformers Sometimes caused by excessive plate
burned out or  |voltage. Transformers must be re. 19
partially short |placed.
circuited.
Phone jack. Often when soldering lugs on jacks
some flux runs into the fibre spacers 16
and causes trouble, Replace jack,
Transformers, Transformers too close together. 24
Space them well apart and mount at 19
right angles to each other.
Dampness in Causes partial short circuit. A
transformers, lighted electric light bulb hung in the 19
cabinet of the set for a few hours will
|dry it out.
Transformers Often in soldering on the terminals
open circuited. |the internal connections are loosened. 19
Can often be repaired by opening the
case and repairing broken lead.
Transformer Replace with transformers of lower
ratio too high. |ratio. 8 or 814 to 1 is about the best 19
ratio for general audio amplification.
Transformer Filament leads from transformer,
leads reversed. [connected to positive instead of nega- —
tive side of “A” battery. Reverse.
Headset or loud-| Headset or loudspeaker burned out
speaker, or short circuited. Replace, or re- 20
move the short circuit.
Phone plug. Defective or short circuited. Re-
move plug and see if current will flow 1
from one terminal to the other when 15

Phone or loud-
speaker reversed.

disconnected from headset or speaker.
If so, replace with new plug.

The phone cord with the red thread
woven in it should go to positive

terminal of “B” battery.




General
Symptom

Part
 Afflicted

Cause and How to Remedy the
Defect

See
Test

37

Humming or
Buzzing Sounds.

l'uning coils.

Open circuit in tuner winding.
Usually occurs where taps are tuken
from windings and where connections
are made to the ends of the winding.
Rewind coils or securely solder con-
nections.

Tube elements
vibrating.

When rigidly attached to the base
of the set, slight vibrations will cause
tube elements to vibrate. Remedy is
to use cushioned sockets or mount
sockets on sponge rubber. Rubber
feet on cabinet of set also helps,

Aeriul.

Aerial lead.

Aerial too cluse to alternating cur-
rent electric wires. Sometiines re-
duced by running aerial at right
angles to such lines. Sometimes
caused by leaky transformer on near-
by electric pole, in which case notify
electric company.

Aerial lead running too near house
alternating current lighting wires will
cause hum of current to be heard.
Keep lead well away from fixtures, etc.,

Fading or Waver-
ing Signals.

Aerial insulators.

Variable con-

denser leads
reversed.

Acrial insulators leaky due to rain,
etc. Lead in wire touching side of
house. Use glass or glazed porcelain
insulators on aerial and to stand off
aerial lead in.

connected to the grid of the tubes.

If variable condenser is improperly|™

connected up, the signal will fade
when hand is removed from dial, due
to “body capacity.” The stationary
plates of variable condenser should be

14
26

Rheostat.

A loose connection in the rheostat
gives an unsteady current and accord-
ingly causes signals to vary in in-
tensity. Replace or repair rheostat.

17

Natural
phenomena.

For unkown reasons signals fade
under certain conditions due appar-
ently to some condition of nature
existing between the transmitting sta-
tion and the receiver. To date there
is no known remedy.

“A” battery.

Weak “A” battery causes unsteady
flow of current resulting in change in
intensity of signals. Replace or re-

charge battery.



PART VI
TESTS TO LOCATE TROUBLES

It is a safe precaution to remove all tubes from the set before starting the

tests.

It is also good to have an old worn out tube in which the filament will

burn, for testing after making changes in battery circuits to save possibly burn-

ing out good tubes.

TEST NO. 1.

Phone Test
Connect one tip of a pair of head phones
to the positive side of a 114-volt flashlight
battery or a 114-volt dry “A” battery.
To the other terminal of the battery
connect a wire long enough to reach all
parts of the set. So that your ear will

PHONES —, 7

DRY\ CELL

Fig. 5 (Test No. 1).
parts for defects,

Method of testing

become accustomed to the strength of the
click, make and break contact between the
other tip of the phone cord and the bare
end of the negative wire. This completes
the circuit and causes tiie phone diaphragm
to give out a loud click. If a circuit is
open the current from the batterv cannot
pass, hence there will be no click. All
coils, whether concealed in shielded radio or
andio frequency transformers or whether
wound on tubes or otherwise, are intended
to be closed or complete circuits and when
right the click should be heard. Con-
densers reverse this order and are open
circuit devices, therefore there should be
no click except as explained under Test

No. 13.
“  TEST NO. 2.
“A” Storage Battery Run Down

Remove vent caps, use a good accurate
hydrometer and take up just enough elec-

trolyte to float the glass bulb in the tube.
Then holding the hydrometer by the glass

NEGATIVE TERMINAL.
MARKED "==*

10 - HYDROMETER

POSITIVE TERMINAL

_ USUALLY MARKED

"+"OR PAINTED
RED

Fig. 6 (Test No. 2). Testing “A” battery
voltage.

tube read the number or determine the
line at the exact level of the top of the
liquid. Most standard makes of radio bat-
teries in use today show a gravity of 1.280
when fully charged and should be re-
charged when they reach a gravity of
1.170. When the battery is fully charged
the acid is out of the plates.

TEST NO. 3.
“A” Battery Polarity Reversed

If in doubt as to polarity of either stes-
age or dry “A” battery, insert both wires
in a glass of strong salt water. Bring closs
together but not touching each other.
The negative lead will become coated with
bubbles. Trace leads to binding posts.
From positive “A” on binding post trace
through “rheostats to positive on tube
sockets. If incorrect reverse them. Polar-
ity test may also he made with voltmeter.
Indicating needle on voltmeter will turn
to the right (clockwise) when positive
(4) lead is touched to positive post of
the battery. If it turns to left, reverse

38



NEG\ATIVEA(—) LEAD

\

™~ DOSITIVE (+) LEAD

-|__ BUBBLES FORM ON
NEGATIVE LEAD

A STRONG SALT WATER

Fig. 7 (Test No. 8). How to determine
positive and negative poles of an unmarked
battery.

voltmeter leads and try again. This polar-
ity test applies alike to A and B batteries.

BATTERY POLARITY REVERSED
ON AMPLIFIER

Where separate amplifier is used, pro-
ceed as in Test No. 8.

TEST NO. 4.
“B” Battery Run Down

Storage “B” batteries should be tested
the same as storage “A’” batteries. Use
Test No. 2. Dry “B” batteries must be

VOLTMETER ——

'I”I“rlll

|
"B" BATTERY

Fig. 8 (Test No. 4). Method of testing
“B” battery voltage by means of a volt-
meter.

tested with a voltmeter. A new dry “B”
battery should test a full 2214 or 45 volts
according to the sizes you use. A 45-volt
battery will operate satisfactorily down to
86 volts but will deteriorate very rapidly

K 30

with resulting poor reception after that.
If “B” batteries run down very rapidly it
may be advisable to use a “C” battery to
give the grid a slightly negative bias. This
will in many cases improve both tone
quality and volume, and in all cases it will
prolong the life of the “B” hattery very
materially.

“B” BATTERY TO AMPLIFIER RUN
DOWN

Test the same as No. 4.

TEST NO. 5.
Acerial or Ground Poor

Examine and clean every contact, solder
all joints on aerial and lead-in. See that
ground wire is making perfect contact.
Examine aerial insulators for cracks or

break. Never cross lighting wires with
aerial. Make aerial tight with rigid sup-
ports. See Fig. 2 for illustration.

TEST NO. 6.

Apparatus Touching Shielding On
Panel Or Elsewhere

Test from shield to apparatus with (Fhone
and 114 volt battery same as condenser
test. Use Test No, 1,

TEST NO. 7.
Open Circuit in Antenna Inductance

If not tapped, test with phones from
input to output end if no click coil is
open. If coil is tapped, test from input
end to first switch contact then each one in
turn. If no click is heard that tap is open
and should be soldered. If click is heard
at all points circuit is complete. Use
phone test No, 1, See Fig, 10.

TEST NO. 8.
Open Circuit in Secondary Inductance
Use Test No. 1. See Fig. 10.

TEST NO. 9.
Grid Variometer Defective

Examine all connections to see if mak-
ing perfect contact. Pigtail may be broken
but making intermittent contact. Solder-
ing may be poor. Test all soldered joints
to see if tight; if suspicious, resolder.
Use Test No. 1. See Fig. 11,
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. . B+ DET. B+ AMP

A= 45 VOLTS 90 VOLTS
‘A"AND'R" BATT. Al
~LEADS TO —}—

= X 'B'BATT S \"B"BATT
‘A* BATTERY 45 VOLTS 45 VOLTS

Fig. 9 (Test No. 4). At the left is shown a type of storage “B” battery, and at the
right is indicated manner of connecting “A” and “B” batteries to a receiver.

AERIAL Y

OPEN CIRCUIT IN AERIAL
AERIAL INDUCTANCE
\
PRIMARY
OPEN TO SET
TO SET ‘
I
\
\
\ .
OPEN CIRCUIT IN SECONDARY
— SECONDARY INDUCTANCE OPEN

7 gAY GROUND =

Fig. 10 (Test Nos, 7 and 8). Open circuit in aerial inductance and secondary induc-
tance shown above. The diagram at left is in perspective and that on the right is
in schematic form.
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AERIAL
3 AERIAL  GRID LEAK
& COND‘?
GRID
| VARIOMETER
GRID LEAK
& CONDENSER
¢
@_’ VARIOMET;
TO SET =2
- - / -
SECONDARY  ppjmapy \SECONDARY
PRIMARY
—>T0 GROUND = GROUND

Fig. 11 (Test No. 9). The above diagrams show in both perspective and schematis
forms the location of & grid variometer in a regenerative circuit.

TEST NO. 10. TEST NO. 12.
Aerial Variometer Connections Poor Tickler Coil Open
Same test as No. 9. Use Test No, 1. Test for open circuit with phones, same
as Test No. 1,
AERIAL
AERIAL
fe— LEAD IN

AERIAL VARIOMETER

/

AERIAL VARIOMETER

[,
»>

T0
PRI~ SET

™ sec.
TO GROUND GROUND =

Fig. 12 (Test No. 10). Some sets use a variometer to tune the aerial circuit. The
locatiou of this variometer is shown above.

TEST NO. 11. TEST NO. 18.
Short Circuit in Ceils Condensers Defective Or Shorted
Short circuits between turns of wire on Fixed condensers are subject to twe

any eoil, unless they are visible, can only principal faults, either short circuit or
be found by the use of delicate instruments leakage due to moisture. In either case
and complicated figuring. Therefore, if they should be replaced. Use Test No. 1.
you are reasonably sure the coil is causing If the condenser is shorted there will be a
trouble, it should be replaced. loud click in the phones, the same as if you



42

PRI
!
yAERIAL——_ )

/
OPEN CIRCUIT IN /
g% /

TICKLER COIL

510
TOSET P SET
PRI,
"TO GROUND = GROUND

Fig. 18 (Test No. 12). In a regenerative
circuit using a tickler coil, this coil may
develop an open circuit. The tickler coil
of a 8 circuit tuner is indicated above.

touch the other phone tip to the negative
wire from the battery. A very faint click
will be heard but this does not indicate
defect and is due to the loading and un-
loading of the condenser. Make the com-
parison suggested above and you will know
the diffcrence. A leaky condenser will

SYMBOL

Fig. 14 (Test No. 18). A conventional
type of fixed condenser

make a similar click but not so loud and
usually makes a scratching sound. Use
Test No. 1.

TEST NO. 14.
Condensers—Variable
Variable condensers are subject to simi-
lar ills and shows the same symptoms.

SYMBOL

Fig. 156 (Test No. 14). A type of variable
condenser.

Disconnect leads, then test the same as
fixed condensers. If rotor and stator

plates touch loud click will be heard in
phones. Moisture, dust, dirt or oil will
cause less intense click or rasping click
whenever plates are turned. If touching,
bend plates carefully back to proper spac-
ing. If dusty or dirty, clean with pipe
cleaner. If particles of metal from edges
of plates are touching other plates, smooth
edges with very fine platinum file and clean
out all filings thoroughly with pipe cleaner.
Disconnect and take condenser out of set
for examination, testing and cleaning. Use
Test No. 1.

TEST NO. 15.
Plug Shorted Or Not Making Contact
Examine to see if plug electrodes are
making contact with the proper jack
springs and that plug does not go so far
in that both springs make contact with

Fig. 16 (Test No. 15). A phone plug
with case removed to show interior con-
struction.

same electrode. Test plug with phone as
cxplained in Test No. 1 by making contact
with one lead to the tip and the other lead
to the sleeve of the plug. If shorted there
will be a loud click in the phones; if not,
the plug is good.

TEST NO. 16.
Jack Troubles

Jacks are somewhat elusive and call for
very careful scrutiny to determine whether
they are giving trouble. There are several
different plugs for different purposes,
making it difficult to give specific data,
but the following should not be hard to

Fig. 17 (Test No. 16). A phone jack
much used in radio receivers.

understand. By inserting a good plug
in any jack it will be easy to see which
springs should make contact and which



should not. Disconnect all batteries. Test
connection from terminal posts to jack.
First test with phones from each prong to
the body of the jack with no plug inserted.
A click would indicate that the jack fis
shorted and must be replaced. Then test
at the soldering prongs of each pair of
springs that should make contact to see
that good strong click is made in phones.
A good jack is not expensive and if you
have any suspicions after making this test,
replace it. Use Test No. 1.

TEST NO. 17.
Rheostats

The principle trouble with rheostats are
poor connection from the busbar to rheo-
stat terminals; broken resistance wire in
rheostat, or poor and interrupted contact
between contact arm and resistance wire.
First test “A” battery leads at binding
posts to see that current is reaching the
set. This test to be made with low-read-
ing voltmeter. Then trace to and test

SYMBOL

Fig. 18 (Test No. 17). Rear view of rheo-
stat showing resistance wire and contact
arm.

across filament contacts in socket, trace
from socket to contacts on rheostat. With
contact arm in full on position, test with
voltmeter from input to output contacts
for voltage. If no reading, rheostat is
open and should be replaced, providing
contact is good at both rheostat terminals.
If contact is intermittent causing flicker-
ing of filament, contact arm may need
tightening against wire just sufficient to
make smooth sliding contact. If resistance
wire is badly worn replace rheostat.

TEST NO. 18.
Potentiometers

Potentiometer troubles are almost identi-
cal with those of rheostats. Examine for
poor contacts and loose, broken or worn
wire. Replace if found defective. Read
over Test No. 17,

SYMBOL

Fig. 19 (Test No. 18). Rear view of

potentiometer, showing resistance wire,

contact arm binding posts of triple con-
nections.

TEST NO. 19.
Transformers

The principal troubles in transformers
are due to abuse of that unit. The leads
that form the primary and secondary wind-
ings are of very fine wire and should the
binding nut which holds the contact screw
in place become loosened the lead may be
broken off by turning the screw. It is a
difficult matter in shielded transformers to
resolder this lead. Before attempting to
open up the transformer use Test No. 1
across the two primary contacts and then
across the secondary contacts to see if
either circuit is open. If test shows open,
remove one side shield at a time and ex-
amine leads. If leads are not broken after

SYMBOL

Fig. 20 (Test No. 19). An audio fre-
quency transformer.

test shows open it is useless to go further
and unit should be replaced. Broken leads
in unshielded transformers can often be
seen and repaired. If windings are burned
out Test No. 1 will usually show it and
such units should be replaced. The best
transformer you can buy is the one to use.
Be careful to use the correct ratio as
recommended by the manufacturer of the
set.
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TEST NO. 20
Tube Sockets

Thoroughly clean ull contacts includ-
ing springs. Bend springs up so that they
will imake perfect contact with tube prongs
which should also be cleaned. See that all
springs are bent up equally. All socket
springs should be equally spaced and
screws holding them tightened up fully to
avoid the possibility of their shifting side-
ways and making contact with another
spring. Should the plate contact spring
come into contact with tle filament prong

G p
© ®

Q@ ©
F F
SYMBOL

A vacuum tube

Fig. 21 (Test No. 20).
socket.

of the tube, the filament would be instantly
destroyed. If tubes fit very loosely in
sockets, it may cause poor contact and
such sockets should be replaced. Some
sockets allow very little space between the
springs and the baseboard; any metallic
substance in this space is liable to make
contact between “A” and “B” springs and
burn out the tubes. Frequently trouble in
a socket can be detected by pressing firmly
down on the tube but if you go over the
sockets carefully and observe the above
suggestions you are not likely to have any
trouble.

TEST NO. 21.
Grid Leak Defective

Occasionally, due to damp weather, mois-
ture finds its way into some types of grid
leaks and causes them to become defective,
or the leak is dropped and the internal
connections broken. This will prevent the
excess charges froin leaking off the grid
and will cause the vacuum tube to become
paralyzed and inoperative. The only test
is to take out the grid leak and test differ-
ent leaks in its place to determine if they
mduce better signals than the original
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Fig. 22 (Test Nos. 21 and 22).
type of grid leak.

GRID
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A tubular

TEST NO. 22.

tesistance of Grid Leak of Improper
Value

Try higher and lower resistance leaks
as the case may be to determine which
gives the best signal response. Improper
grid leaks do not permit the excessive
charges to leak from the grid of the
vacuum tube and cause it to become para-
lyeed and inoperative. See Test No. 21 for
illustration.

TEST NO. 23.
Resistance Used For Coupling
Defective
Test different resistances in place of
the originals. In some types of radio fre-
quency receivers resistances are used for
interstage coupling instead of transform-
ers, and if these resistances should become
defective from any cause proper coupling
cannot be maintained between the stages.

TEST NO. 24.
Interstage Coupling

Try separating the radio frequency
transformers a greater distance. The
radio frequency transformers should be
separated not less than 6 inches in order
to prevent any conflict between their re-
spective electric fields,

TEST NO. 25.
Damp Coils
If the set has been used near an open
window or in any other location where it



is apt to be (.ffected by dampness the colls
may become sv damp as to actually short
circuit the various turns thereon. The
remedy is to place an electric bulb inside
the cabinet and allow this bulb to remain
lighted long enough to thoroughly dry out
the interior of the cabinet, and this
should be done as often as the interior
shows any indications of dampness.

TEST NO. 26.

Poor Contact or Condenser Leads
Reversed

Where condensers are so constructed
that the connection to the rotary plates is
through the moving bearing instead of
through a flexible fcad or “pig-tail” the
connection is apt to become poor and evi-
dence itself by rasping and scratchy noises
as the dials are turned. Tighten the
screws on the back of the condenser which
regulate the tension on the bearing of the
rotary plates. If the leads to the con-
denser are reversed a “hand capacity” or
“body capacity” effect is enoticed as the
hand is taken away from the dial, the
tuned in signal fading as the hand is re-
moved. If this effect is noticed the leads
to the condensers should be reversed. The
lead from the grid of the tube should al-
ways be connected to the stationary plates
of the variable condenser. See Test No.
14 for illustration.

TEST NO. 27.
Plate and Grid Leads Too Close
Together
If the set has a tendency to oscillate re-
gardless of the various settings, try spac-
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Fig. 28 (Test No. 27). Grid and plate
leads from tube socket should be well
separated.

ing the plate and grid leads further apart.
They should be kept well separated and
not run parallel if at all possible to avoid
it, as a “feedback” effect takes place where-
by some of the energy in the plate circuit
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may be finding its way back to the grid
circuit thereby causing oscillations to take
place, resulting in a howl in the receiver.

TEST NO. 28.
Grid Condenser Capacity Too High

The average capacity should be .00025
mfd. for a grid condenser and if the set

GRID GRI‘D LEAK

LEAD ; 5

GRID CONDENSER

By
—t

GRID
LEAD

GRID

CONDENSER VACUUM

FF TUBE

Fig. 24 (Test No. 28). The location of
the grid condenser is shown in the illus-
tration.

is critical in its operation and signals are
poor, various capacities should be tried
until best signals are obtained.

TEST NO. 29.
“B” Battery Voltage Too Great
If the “B” battery voltage is too high in
a regenerative set it tends to make the
control of regeneration very critical, and in
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Fig. 26 (Test No. 29). A dry cell “B”

battery. Fig. 9 shows a storage “B” bat-

tery and Fig. 1 the “B” battery connec-
tions for various voltages.

various types of tuned radio frequency
circuits it will also cause the detector tube
to go Mto oscilation, an undesirable fea-
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ture. The remedy is, of course, to reduce
the “B” battery voltage until the best
results are obtained. Some tubes operate
far better with only 1614 volts on the plate.

TEST NO. 30.
Defective Headphones
If it is believed that the headphone is
defective or dead the phone should be re-
moved from the set and tested out with
a small battery. This should be placed

across the terminals of the plug and if no
click is heard in the phones when the cir-
cuit is closed it is an indication that either
the plug is defective, or the fine wire on

Fig. 26 (Test No. 80). Headphone much
used in radio reception.

the magnets within the phones is broken;
sometimes the djaﬁhugm is bent inward so
that it touches the magnet, which would
also make the phone inoperative. Head-
phones should be very carefully handled
and they should not be dropped on the
floor or subjected to sudden jars as these
would cause any of the defects herein
mentioned. First remove the plug and
place the battery across the terminals at
the end of the phone cord, and if the click
is then heard in the phone it is an indica-
tion that the trouble is with the plug. If
no click is heard with the plug removed
examine the diaphragm to see if it is bent
in; if this is in good condition (there is,
of course, one in each phone), the trouble
lies in the winding of the msagnets. At-
tempt should not be made to correct this
fault and the phones should be returned
to the manufacturer for correction.

TEST NO. 31.
Defective Tubes

Deractive vacuum tubes result from the
destruction of the high vacuum in the

tubes, or from long and continued use the
electron flow from the fillament to the
plate of the tube, through the grid, de-
minishes and results in decreased signal
strength from the tubes, or the entire ab-
scence of signals, Change the tubes around
in the sockets and note effect on signals.
Sometimes a tube which is inferior as a
detector i8 very good as an amplifier. It
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Fig. 27 (Test No. 81). A modern type of
radio vacuum tube.

may be necessary to replace the tubes
entirely.

TEST NO. 32.
Tubes Not Neutralized

In the neutrodyne sect it is necessary to
properly adjust the neutralizing condens-
ers, or neutrodons, so that the radio fre-
quency circuits cannot oscillate. If a
neutrodyne howls or squeals it is a sign
that the neutralizing condensers are not
exactly alike in capacity and should be ad-
justed until the tubes no longer oscillate.

TEST NO. 33.
Phone Condenser Too High Capacity
Try various phone condensers although
the proper capacity is usually .001 mfds.
This must be determined by experiment.
See Fig. 28.

TEST NO. 34.

Catwhisker Not Making Contact with
Crystal
In reflex sets care must be taken that
the contact wire (called a catwhisker) is
making proper contact with the crystal.
Try various adjustments and tension of
the catwhisker until best response is had
from the reflex. See Fig. 29.
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Fig. 28 (Test No. 88). Various types of

fixed condensers used across the phone-
in a radio receiver.

CATW}IJISKER

CRYSTAL”

Fig. 29 (Test Nos. 84 and 85). A typical

crystal detector.

TEST NO. 35.
Corroded Catwhisker

If all connections in a reflex circuit are
correct and various ad justments of the cat-
whisker have no effect in bringing in sig-
nals, it is quite probable that the cat-
whisker has become so corroded that the
corrosion on the wire is in effect a perfect
insulator. Sometimes this catwhisker can
be cleaned by rubbing same on a piece of
find emory paper, but the better method
is to remove the corroded catwhisker en-
tirely and replace it with a new clean one.
See Fig, 29,

TEST NO. 86.
Crystal Poor or Burned Out

When used in reflex sets the crystal has
a tendency to become poor in operation
or burn out entirely. This is presumably
due to the comparatively high “B” battery
voltage which is passed through the cry-
stal in this type of circuit. If this is the
case the only recourse is to discard the
crystal and install a new one, See Fig. 29.

TEST NO. 37.

Defective Radio Frequency
Transformers

Use Test No. 1. Sometimes the wires
become broken causing an open circuit in

SYMBOL

A type of radio

SYM BOL Fiigt:eggexgg‘yeitral:sof.og;)ér in common use.

the transformer. Remove defective trans-
former and replace with one in good
condition.

TEST NO. 38.
Wrong Connection to Oscillator

If turning the oscillator dial has no
effect in bringing in any signals it is safe
to say that the connections are wrong and
that this tube is not oscillating, and accord-
ingly there can be no beat frequency upon
which the super-heterodyne operates.
Connections to oscillator tube plate leads
should be reversed and effect noted on
signals; “B” battery increased, or new
tube used. Sec Figs. 81 and 82,
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Fig. 81 shows in perspective form the oscillator of a superheterodyne. Fig. 82 is the
oscillator in schematic form. The letters in Fig. 81 will serve to identify the parts
ia Fig. 82.
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