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Foreword

Three years ago the Radio industry was in its infancy. Today it ranks sixth
among the greatest industries of our country. This wonderful growth in
Radio is the Twentieth Century marvel. No longer is Radio considered a fad
or novice. It is conceded to be a real necessity for the instruction, entertain-
ment, enjoyment and betterment of the world.

Out of this wonderful development of Radio comes a very strong demand for
a real authoritative reference book, written so as to be easily understood.
This demand brings out this book called: “Radio Receivers—How to Operate
and How to Make.” This book, step by step, takes you through the theory
and practice of Radio. It is an assemblage of facts and hints from actual
everyday practice. It is compiled and edited by the technical staff of Radio
Digest. It supplies the demand for a book covering every phase of Radio,
from a simple explanation of Radio reception to a technical explanation of
the different parts of the set, which leads to the best reception possible.

Should you desire to construct your own set, you will find this book invalu-
able. It gives hook-ups of the best reliable circuits, with full instructions as
to how to build-the set. It covers a wide range—from the simple single tube
to the more complex nine tube. It also gives the necessary instruction for
the better class of Crystal receivers, with complete diagrams. It gives a list
of the parts required for each set, as well as the approximate cost. All of
which makes it a most valuable Radio reference book from the standpoint of
constructing sets.

Should you buy a manufactured set, you will find this book a necessary refer-
ence guide for your Radio table. It will give you instructions as to how to
operate your set to receive the best possible results. It will tell you how to
connect and give the proper care to your batteries. It will give you the neces-
“sary instruction regarding aerials and ground wires. In short, it will give
you all the information necessary for the best possible results in Radio.

This book also gives you a complete list of all broadcasting stations in the
country, with their location, call letters, wave length, name of owner and
other valuable information. This is the most accurate list of stations that
has ever been published. It also gives you a map showing the broadcasting
stations, giving at a glance a visualization of how the Radio broadcasting sta-
tions are distributed.

In brief, the book covers Radio in as complete and thorough manner as the
122 pages will permit. It gives you Radio from A to Z and has been prepared
solely from the standpoint of the Radiophan.

RADIO DIGEST PUBLISHING CO.
Chicago, Il
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Simple Explanation of Radio Reception
“What Is This They Call Radio?”—Chapter 1

set to a friend. *“You see that light in the

tube?” said he, turning up the filament rheostat

importantly. A pause, and then—"1t has to be that
"
way.

gverybody knows that Radio is essentially a means
of communication or carrying iutelligence, and that
Radiocasting stations near and far are collecting and
sending out information, entertainment, music, sports,
lectures, instructions, in fact anythmg which can .I)e
conveyed in interesting manner via sound waves which
in turn are converted into and carried by Radio waves.

Anyone at reasonably small expense can install a
receiving outfit to hear what is daily Radiocast. The
most isolated farm house is as much favored as the
big city apartment, and can have the same program
at the same time. It is after the children’s bedtime
Radiocasts are over that most listening is done. The
principal efforts of the Radiocasters are centered
on the evening hours when the audiences are the
largest. You tune in to hear the desired stations
and have a veritable modern “Radio Night’s Enter-
tainment.” o

But after the first novelty of listening in has been
digested, the Radiocast listener finds out other things.
There are new stations to be heard, new kinks of
operation to be learned, interferences to get rid of
and repairs to be made. The first amazement at
Radio achievements is followed by puzzles of variable
range, performance, and faithfulness of reproduction.
There is a set of Radio conversation terms one must
know to understand a more experienced neighbor
Radiocast listener, or to follow what the Radio pub-
lications are printing. No technical knowledge is re-
quired to enjoy Radio, but the usual Radiocast listener
picks up a surprising amount of information.

In the first place, one finds that the main programs
come from stations located in the centers of popula-
tion, and that only what is transmitted by a Radio-
cast sender within the range of the receiving apparatus
can be heard.

a‘ RADIOCAST listener was showing his new

How Radiocasting Is Done

Such a Radiocast station is an establishment for
converting sound waves to be carried and transmitted
by Radio waves. It will have a studio with one or
more rooms fitted with musical equipment, much
as in an upper middle class home, except that drapery
coverings or other means to stop sound echoes and
outside noises are used. Also one or up to a dozen
or more “pickups” are distributed advantageously to
serve as an electrical ear for the air waves of the
respective instruments or voices.

These pick-ups may be microphones, called “mikes,”
much like those that are used in the ordinary tele-
phone transmitter, or various special forms which
can convert air waves into a corresponding electrical
pulsating current. The laboratory, or works, of the
Radiocast station is usually housed in a separate room
and has the apparatus for generating Radio waves;
amplifiers to increase the electrical pulsations from
the pick-ups and the modulators to cause this electrical
pulsating current to mold the radiated Radio waves to
correspond to the original soynds or air waves. A
speaker, by the mechanism thus provided, may control
a power of a horsepower or more in the form of
radiating Radio waves, capable of eventually reaching
a millon or more receiving outfits and listeners.

The operation of a typical Radiocast station is
diagrammed in Figure 1. The main studio may have
a branch or portable pick-up station, and jacks are
provided for connecting in any or several pick-ups.
Thus in churches, several pick-up mikes are used to
get every detail of the services. Or again, a studio
may receive a program Radiocast from another sta-
tion and re-transmit the same with its own apparatus.

How Sounds Control Radio Waves

Following through an example, a lecturer at a
branch of the studio is talking. As he talks, little

THIS STRATUM 1S THOUGHT ALSO YO REFLECT WAVES

BROADCAST
STATION

ChARTx

\
RECE\WVING
STATION

Figure 2

puffs of air or sound come from his mouth and are
picked up by the microphone. This microphone has
a diaphragm and device to change the air puffs of
sound into electrical pulsations. The announcer has
a separate “mike” to cut in. ‘An ordinary telephone
line, or possibly a wired wireless line, will bring these
electrical pulsations into the studio of the Radiocast
station. Here the studio control will amplify these
electrical pulsations until they are strong enough to
work a modulator.

When the Radiocast station is on the air, it has a
Radio power unit or oscillator transmitting a continu-
ous series of waves. The function of the modulator
is to shape the intensity of these emitted waves to

STATION

By P. E. Edelman

‘““What Is This They Call Radio?’’

LOGICAL question for every new fan is

the above, but not alone will the new fan,

but the Radiocast listener who has been
interested one, two or three years, find much
of interest in Mr. Edelman’s explanations of the
intricacies of the ether art. We learn by simple
analogy and picture just what is meant by modu-
lation, what Radio is, how programs are “put
on the air,” and what things are needed in order
to hear these programs.

“Condensers are packages to hold electricity,”
says Mr. Edelman. And so on, through A.C., D.C.,
Magnetic flelds, thermionics and electrons, his
article will blaze the way to c]earer understanding
of the so-called mystery of Radio.

correspond with the electrical pulsations set up by
the original sound to be Radiocast. Modulation means
much the same as sculpturing, but instead of cut
marble, the Radio waves are formed so as to carry
the sound or voice waves. The Radio waves are
sometimes called “carrier waves” and serve as a
medium for conveying the original intelligence.
Now the Radiocast waves travel out in all direc-

tions from the sending station. In Figure 2, a sec-
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another electrical current which is of the right size,
or slow enough to be able to set up motion in a
diaphragm. The detector is thus an electrical con-
verter and the new form of electrical current con-
tinuing in the receiving outfit is termed an audio
current, because it can cause a diaphragm to move
and set up air waves in a suitable appartus.

Owing to the small amount of received energy,
a receiving outfit usually needs an amplifier to buiid
up the audio electrical currents to sufficient power to
operate a loud speaker, and this is accomplished by
supplying local energy from a battery which is merely
controlled by the converted incoming energy. Finally
the diaphragm of the loud speaker is set in motion
and repreduces the original puffs of aig so that they
can be heard. The entire process thus comprises a
series of energy conversions from one form to another
and bagk again, much as one would change U. S.
money into pounds sterling, then into lire, marks, etc.,
losing some at each change, or supplying new amounts
to be influenced by the old.

Essentials for Receiving Apparatus

For receiving Radiocast programs then, one needs
apparatus to intercept the radiated waves, means to
tune to partlcular waves, a device to detect or change
the received energy into a form which can operate a
loud speaker or headset;
also preferably an ampli-
fier and a reproducing de-
vice or loud speaker. There
are various forms of these
devices and combinations.

Some standard types of
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MODULATED) MODULATION
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tion of the earth is pictured, illustrating how the
Radio waves can spread out instantly. There is a
conducting layer or upper stratum enveloping the
earth which is also thought to have influence in re-
flecting the waves, which waves can be thought of as
an expanding disturbance in space. The energy of
the radiated waves becomes dissipated with distance,
so that only a very small fraction of the original
Radiocast energy reaches a receiving station or lis-
tening in appartus.

The thing to remember is that Radio is energy
and that a Radiocast station sends out a small amount
of energy much as the sun radiates light to the earth.

To receive the Radiocast, then, an apparatus is re-
quired to absorb a minute fraction of the original
Radiocast Radio energy and convert it back into sound
waves which can be heard through the receivers or
loud speaker.

How Waves Are Received
Figure 3 shows the incoming Radio waves setting

2. Simple sets using one
vacuum tube detector and
putside aerial. Reliable
range, usually 50 miles; average up to 500 miles, and
occasionally 1,000 miles or more. Most such sets can
be used within 5-mile range reliably with indoor aerial
or substitute. This is for earphone reproduction. Cost
$25.00 to $100.00.

3. Loud speaker operates on two stage amplifier
with above sets, extra cost, $30.00 to $100.00.

4. Indoor loop, or portable sets, amplifying Radio
energy before detection; reliable range usually 100
miles, average up to 500 miles, and occasionally 1,000
or more miles. $100.00 to $300.00 in cost.

5. Furniture Radio and cabinet combinations, in-
cluding speakers; reliable range usually 100 miles,
average 500 miles, and occasionally 1,000 miles or
more; $100 to $400 in cost.

In this grouping are included sets for operation
close to local broadcasting stations and permitting
cutting through locals.

The Radiocast listener usually gets much informa-
tion on such outfits from trade advertising, catalogs
and instruction sheets. There is a big difference
between reliable and occasional range, as any vacuum
tube set can at times reach several thousand miles
when circumstances are favorable. Some are content
to merely hear that a program is going on and decipher
the call letters; others want clear reproduction, if
only on locals.

Radio may be understood with reference to com-
monly known things in daily life because the com-
plicated art is made up from understandable principles.

RECEIVING AERIAL

AIR WAVES (590'30) \ \

<—WEAK RADIO WAVES
M RADIO CURRENT INCREASED AMPLITUDE . § @
INCOMING RADIO DUET0L O M ENERY (EA
WAVES RADIO DETECTOR ~ SVPPUIED
(MODULATED)

- TUNER.
(SELECTOR)

up a feeble Radio current in a receiving aerial. A
tuner, or selector, is then used to offer an electrical
path of the proper shape and size for the particular
Radio waves. The Radio waves have a certain size
and the Radio current in the aerial has a certain
dimension, and the purpose of the tuner is to adjust
a package of the corresponding form to hold this
Radio current. After the Radio waves cut the re-
ceiving aerial, the received energy is an electrical
current and the receiving apparatus now has to change
this electrical current into sound waves. Neither the
human ear nor a telephone receiver can be directly
affected by the Radio current, so a device called a
detector is used to change the Radio current into

CURRENT CORRESPONDING  LOUD SPEAKER,

t aupio
ELECTRICAL PULSATING

TO MODULATION.
Figure 3

The Sun is the original Radiocast station, sending
waves recognizable as light and heat and comprising
tremendous energy. Human beings take a small frac-
tion of such heat energy, convert and control it in
suitable form; then use a tiny amount of it to enjoy
Radiocasting.

How does Radio fit in with other forms of energy?
Heat is a motion in material and can be felt. Light
is a much faster wave motion which can pass through
space. Sound is a slow wave motion through the
air or material, which can be heard. But nature has
not provided a sixth sense to directly recognize Radio
energy, and an artificial apparatus eye or ear must

(Continued on next page)
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(Continued from preceding page)

be used. Radio energy is a wave motion which can be
considered as extremely long light waves. o

Figure 4 illustrates a familiar source of artificial
light. Light rays from the hot filament in the lamp
pass through the space in the vacuum bulb and can
be seen by the eye. Light is a commotion in space
in regular wave forms recognized as the colors of
the rainbow. There are some kinds of light which
the eye does not see but which can be recorded on
a photographic plate. The wave lengths of light are
all extremely small compared to the greatly larger
Radio wave lengths. Radio light or Radio energy
travels at the rate of 186,000 miles per second. Re-
ferring to Figure 5, it is well known that light does
not pass an opaque wall, while Ra(_ixo goes _rxght
through. That is why Radiocasts go into a building
or room. .

Now, the longest light wave lengths are rqcogmzed
as the dark reds, and if the eye could see still longer
wave lengths, we could see Radio.

Difference of Radio and Sound

The difference between sound waves and light, or
Radio waves is illustrated in Figure 6. An electric
bell is put in an evacuated jar from which the air is
pumped out. The eye can see the bell ringing but
the ear cannot hear it, as sound does not pass through
space but requires a material conveyor. Sound waves
are also of such length that they cannot readily pass
through thick walls. .

As you talk, little undulations or puffs of air
move out from your lips in an assortment of wave
lengths governed by your vocal cords. These are
recognized as sound because they are in the range
which can sympathetically vibrate the ear drums.

Now, vibrations are regular series of waves, and
are sometimes called oscillations. Instead of speak-

f ELECTRIC

~ 3\
5 LD

LIGHT WAVES CAN
PASS TRROUGH SPACE

Figure 4

ing of the distance between successive waves as the
wave length, this is also expressed in terms of how
many occur in a specified time. Thus, if there are
sixty waves or pulsations in a second, the frequency
is said to be sixty cycles. . .

Cycles means how many waves occur in a given
time; one second. In light, the waves are very sh‘ort
and since they travel at the rate of 186,000 miles
per second, it is understood that there are very
many billion of them vibrating each second, so the
cycles are a high number. Light comprises an ex-
tremely high frequency. .

In Figure 7, there are illustrated three widely

1 LIGHT WAVES ARE TO SHORT
TO PASS THROUGH ATHIN
ABSORBING

ELECTRIC
LAMP

RADIO SHORT
WAVE GENERATOR. RADIO WAVELENGTH THICK

ordinary alternating current supply of a power line
has sixty cycles per second. This is slow enough
to be heard as a hum in apparatus such as power
transformers. All such low frequencies are called
audio frequencies if they can be heard.

A Radiocast station uses very high frequency
energy, and for a 360-meter wave lcngth this amounts
closely to 833,000 cycles per second. In Radio, high
frequency energy or vibrations as used in Radio-
casting are above audibility and are called Radio
frequencies.

Air is not required for the transmission of light
or Radio but sound must have air or a material
medium. Since sound controls the intensity of Radio-
cast Radio waves by means of suitable apparatus, the
way this is done is important. The common range
of audio frequencies is about 16 to 8,000 cycles, and
varies according to the ears of individuals.

Heat waves are another form of energy which can
be compared with Radio. A hot horseshoe taken

GLASS VACUUM JAR.  SOUND WAVES CAN
ELECTRIC BELL ONLY PASS THROUGH
AIROR A MATERIAL

'/, AR voES
{)  NOT HEAR

=OVACUUM PUMP
Figure 6

from a blacksmith’s forge, Figure 8, in cooling down
from dull red goes through a range in which the
particles of iron or molecules of which it is com-
prised go through a great commotion, which becomes
slower and slower during the cooling. Heat waves
are extremely short compared to Radio waves.

Frequency of Oscillation

Having seen that Radio is concerned with vibra-
tions, it 1s well to fix in mind what is meant by oscilla-
tions. Figure 12 illustrates a clock pendulum 1, hav-
ing an adjustable weight 2 which the clock-works
keep in motion, swinging from 4 to 5 and back again.
This pendulum like other material things has a natural
rate of travel back and forth, and to change this the
weight 2 is moved up if one wants the pendulum to
travel faster or down for slower. One trip from
position 4 to 5 and back again is one cycle, and the
pendulum is said to oscillate or swing between posi-
tions 4 and 5. When the weight 2 is raised the
length of the pendulum is shorter and the distance
between 4 and 5 will be shorter. Now in the case
of other oscillations such as Radio oscillations which
occur at extremely high rate, an analogous procedure
can be carried out to adjust the rate of vibration or
oscillation. A further example to fix this point is fur-
nished by a dinner gong or bell. When struck, the
gong is set into audible oscillation. Essentially the
transmitting aerial of a Radiocasting station is simi-
larly struck electrically and
set into high oscillation.
Whereas the gong sets u

corresponding motion in

THICK WALL
{SMALL FRACTION OF

WALL
v

the surrounding air, the
aerial so energized, sets up

(@

et i a similar, but inaudible
—_— motion in surrounding
e e T ]

space.

Audio Frequency
In Figure 9, a toy tele-

;
TS

which may be heard. Or if a string is tied between
two chairs, a hairpin hung at one end can demon-
strate energy transmitted when a ruler strikes the

DULL RED LIGHT WAVES
COOLING DOWN THRQUGH
SLOWER FREQUENCIES
RECONIZED AS HEAT

25
f/;;x\\
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Figure 8

string near the other end. The string can be ar-
ranged so that this is seen, or if very short and taut,
the wave motion set up will be at a high enough rate
to be heard. Audio frequencies are such as can be
heard.

In Figure 11 a diaphragm is shown in circumstances
1to5. At the diaphragm is at rest. A voice pushes
air against one side of the diaphragm as shown by 2
and air on the other side is pushed out. As shown
at 3, the diaphragm will flex back, and in moving in
and out set up a series of waves recognizable as sound.
Now if this diaphragm were a bell, provided that it
could still send out the sound waves from the applied
voice, it would also send out its own audio fre-
quency. Diaphragms are accordingly constructed as
far as possible to minimize their own natural fre-
quency, so as to transmit the applied audio fre-
quency.

How Sound Is Changed Into Electrical Pulsations

Electrically this is done in much the same way.
The diaphragm is arranged to jostle some graphite
grains held between two contacts. This device is
called a microphone because the path it offers to a
current of electricity varies according to the posi-
tions taken up by the graphite grains according to
the vibrations of the controlling diaphragm. More
or less electric current can thus pass the microphone
according to the motion of the diaphragm. A battery
connects the microphone with a receiver in which an
electromagnet gets a variable current supply governed
by this microphone. This electromagnet is then used
to operate a reproducing diaphragm, so that the
electrical means does what the string did in the ek-
ample of Figure 9. For Radio, there is a substitute
for the wire line, the Radio link between the Radio-
cast sender and receiver.

Radiocasting wave lengths are expressed in terms
of meters. This means that the wave is the length
stated, a meter being about 3.28 feet. Thus a 360
meter wave can be thought of as a wave about 1,150
feet long.

The Radiocast listener may regard the term “ether”
as meaning space. In such sense, ether exists every-
where, surrounding the earth, in it, and in everything
in it. Material things which appear solid in reality
contain ether or space voids. Consider two bushel
baskets, both said to be full, one containing carrots
and the other sand. Obviously there are air spaces
in the basket containing carrots. Though apparently
full there are certainly voids or spaces and pockets of
air in the basket containing sand. Going further,
one can regard any material thing, as a piece of wire
for example, as containing more or less ether or space.
Dense materials have less ether voids in such a sense.
It suffices here to regard ether or space as extending
everywhere,
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separated frequencies one can fix in mind. The cycle
of day to night, as the earth rotates, is very slow.
A similar and much faster example would be the trip
back and forth of the pendulum of a clock. The

air waves strike the diaphragm at the right, this
diaphragm moves back and forth and pushes and
pulls at the string so that the wave motion moves
the diaphragm at the left, setting up similar air waves

meaning electricity in its smallest unit. Electrons are

intimately related to material things and can be moved

if proper force is applied. In Radio circuits they are
(Continued on next page)
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(Continued from preceding page)
moved rapidly back and forth and comprise Radio
currents. The enormous number of electrons in even
a thick piece of copper wire can be moved almost
instantly at tremendous speed when such a driving
force is applied.

If you have looked at a razor blade under a micro-
scope, the supposed sharp edge would be seen as a
series of rough flaked teeth. If there was an instru-
ment so that one could look into a piece of copper

AlIR WAVES

DIAPHRAM

vary some ten meters either way. Some stations
give much attention to careful maintenance of radiated
frequency.
Transmission in Brief

Radio, it will be recalled, is in a sense, another
form of light. It would be possible to set up an
oscillating circuit in back of a parabolic reflector,
much like a searchlight. But for Radiocasting, an
aerial is used. Transmission in all directions is here
desirable.

electrical strain between the aerial and the earth,
and during discharge, this strain would be thrown
back again. At a slow rate, the charge applied would
come back, and practically none of the space strain
would be thrown outwards so that it could be picked
up at any considerable distance.

How Radio Waves Are Set Up

But by increasing the rate of charge and discharég,
such ether strains occur at high frequency, and it
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wire and recognize what was there, a crowd of ma-
terial particles or molecules would be seen inter-
mingled with electrons. If more electrons were poured
into this wire the molecules would be moved about
violently, and this motion is the same thing as heat.
That is what happens when you use an electric
toaster.
Electrons in a Wire

Take a look at Figure 13. The motion of electrons
through the wire constitutes an electric current. If
too much current is sent through the wire, the mole-
cules are made to push out and the wire expands.
The number of molecules and electrons present in any
material varies according to the kind of material. It
is difficult to comprehend how tiny an electron really
is, by itself. Although the molecule just mentioned
is the smallest physical particle unit, it is comprised
of chemical units still smaller, called atoms. Some
electrons attach themselves to atoms and govern the
nature of the molecules formed, others are free to
fly about in #nd near the molecule. The view is
sometimes taken that all matter is made up of electric
particles, of which electrons are the atoms of nega-
tive electricity. But.the picture of Figure 13 is in-
tended merely to fix the term “electrons” in mind.
The important point here is that it requires force
to move electrons as desired in Radio apparatus and
that the motion is an electric current. Another thing
is that the action of vacuum tubes depends on a
certain type of electron flow. : 3

The reason a listener is concerned with the Radio-
casting is because it controls what is heard. If the
modulation is poor a strong carrier may be recognized
as a whistle but the voice may be scarcely recogniz-
able. In Figure 14, Radio waves are pictured in the
diagram.

Explaining Modulation

Modulation is important in Radiocasting. A well
modulated small station is preferable to an incom-
pletely or poorly modulated station of larger power.
A Radio or carrier wave is represented by chart A,
and has a certain frequency, as for example, 600,000
cycles. At B the same carrier wave is shown with
the same frequency, but with intensity varied or
modulated. At C a voice wave envelope is shown
modulating a series of waves. At D poor modulation
is illustrated. At the point in the voice envelope 3-4,
the radiation is too much, as shown by 1-2. Many
Radiocast stations now operating have good radia-
tion, as their carrier waves can be picked up clearly
at great distarfces, but the modulation is imperfect.
The effect is that poor modulation is the same as a
much weaker station with better modulation, and
the quality is imperfect.

The main Radiocasting at the present time is car-
ried on within a range of wave lengths amounting
substantially to 300 to 550 meters, with a few lower.
Some reradiocasts are conducted on about 100 meters.
Seldom do the Radiocasting stations adhere strictly
to the assigned or supposed wave lengths and in some
cases a station-'Stated to operate at 380 meters will

»

RECEIVER

C. —TiMe

This aerial consists of a span of wires insulated
from the earth. When the aerial is charged and dis-
charged rapidly by high frequency alternating cur-
rents, electrical compressions are set up between it
and the earth. This compression sends waves travel-
ing outward in all directions, much like the waves
from a stone thrown into water.

The alternating current used to charge the aerial
must be of high frequency, and is termed “Radio
frequency.” For comparison, two common frequen-
cies are here tabulated, with the corresponding wave
length:

Wave Length Frequency
300 meters 856,628 cycles
200 meters 1,499,100 cycles

The cycles are sometimes expressed in units of a
thousand cycles, called “kilocycles.” It is even pos-
sible to produce Radio wave lengths of only ten
meters (frequency 29,982,000 cycles), and for labora-

Figure 12

tory purposes, down to a fraction of one inch. But
the higher powered stations all use the lower fre-
quencies. Strictly speaking there is no sharp boun-
dary between Radio frequencies and audio frequen-
cies as the transcontinental high powered telegraph
stations use frequencies as low as 10,000 cycles, closely
within the range of human ears.

Suppose, for discussion, that only a low frequency
60 cycle alternating current was applied to an aerial.
Then each time the aerial is charged, there is an
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Figure 14

is impossible for any one of the strains to collapse
before the current has discharged and is again build-
ing up. The new strain can then oppose and push
off into space what is left of the first one that did
not have time to collapse. This effect continues
rapidly in a continuous series of ether or space com-
pressions which travel outward as Radio waves with

"‘the speed of light, namely 186,000 miles per second.

These waves travel outward, losing amplitude as
the energy becomes dissipated and absorbed. A very
small part of the original energy reaches a receiving
set, at the same frequency it was transmitted.

The high frequency is used then because it causes
a large part of the applied energy to be thrown off
from the aerial as Radio waves. The important point
to remember is that each particular Radiocasting sta-
tion radiates a particular frequency of Radio waves
continuously while it is on the air, and that it is the
sound waves to be transmitted which govern the
modulation or intensity.

It is well established that transmission is better at
night time than during the day, and that it varies
from time to time, season to season, and in different
localities. Thus transmission over water is usually
better than over land. In the far south Radio is less
reliable than in the middle north. In some moun-
tainous districts or near mines, distant stations from
certain directions can scarcely be heard, while others
much farther away are very distinct. In cities, the
Radio results an outfit can give will vary from one
section to another. There are certain districts termed
‘dead spots” where reception is very difficult. The
reason for variations is being studied slowly and is
thought to be due to atmospheric and natural changes,
changing reflections and refractions, location of
clouds, or other particular causes.

Owing to variables, the operation of Radio or a
particular outfit cannot be reliably predicted for a
locality not previously tried. This is the basis for
the distance claims made for tests under favorable
circumstances and the opposite disappointment with
poor results from the same equipment elsewhere.

Range of the Transmitter

_The necessity for long wave lengths, where great
distances are to be covered, such as in transoceanic
communication, is due to the fact that absorption of
energy is much less on long wave lengths than on
short wave lengths. The nature of the intervening
country between transmitting and receiving stations is
an important factor with relation to the strength of the
signal and the distances it can be received, the greatest
distance for a given amount of power being obtained
over water. Lofty buildings with steel frameworks.
or a section of country containing ore deposits absorb
a considerable amount of the signal strength and con-
sequ;ntly restrict the range of the transmitter. Com-
munication during the winter months may be carried
on with less power and greater reliability, due to the
absence of serious electrical atmospheric disturbances,
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Simple Explanation of Radio Reception
“The Mystery Inside the Set” — Chapter 11

is the coil or inductance which is used for tuning.
Inductance coils are also used in amplifier trans-
formers, headsets, and loudspeakers. Inductances
serve important purposes in Radio. An inductance is
like a springboard in that it can take up and throw
back Radio energy. B . )
Looking at Figure 15, an ordinary bar magnet is
illustrated. A magnet, as is known, attracts or can pick
up pieces of iron. One end of the magnet is called

T HE FIRST thing noticed in most receiving sets

the north pole and the other the south. Invisible lines
STEEL

FIELD OF FORCE

e o e e

MAGNET

SMALL COMPASS NEEDLE
Figure 15

or a field of force extend from one pole of the magnet
to the other. That this is so can be seen by moving
a small pocket compass needle near the magnet, for
this needle will be moved and pointed by the force of
these magnetic lines or field. A magnet sets up a field
of force.
Coils and Magnetism

From Figure 16 it will be seen that a coil of wire

wound on a paper tube can serve as a magnet. Current

______________ = PAPER
. WIRE COIL [TyE
BATTERY ELECTROMAGNET
Figure 16

from a battery through such an air core coil makes
the coil act much the same as the magnet of Figure 15.
A field of force is set up in and around the coil, and is
called an inductance.

Now if a current of electricity through a coil makes
it act like a magnet, what would happen if a magnet
were thrown through a coil of wire The reverse would
occur and a momentary flow of current would be set
up in the coil. Any time a_ magnetic field strikes
through and cuts a coil of wire, a current is set up
in the coil.

The various coupling coils, tuners, etc., used in
Radio sets are often in the form of transformers, called
couplers, variocouplers, etc. In Figure 17, transformer

NEEDLE—T*

BAT;tl‘lJY SWITCH <3
GALVANOMETER,
Figure 17

action is shown. Suppose a second coil 2 is brought
near coil 1, as illustrated in Figure 16. Then if a
current from a battery is thrown through coil 1, a
magnetic field of force is set up in and around it.
Part of this field of coil 1 will, however, extend
through and cut coil 2, thus setting up a current in
coil 2. The current in coil 2 will be set up according
to the current set up in coil 1. If the battery current
were sent through coil 1 in the opposite direction, a
similar change of dire®ion of the current set up or

COUPLING
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Figure i8

induced in coil 2 would occur. A galvanometer may
be used to show this and comprises a coil of wire
whose field can influence a small compass needle
The induced current in the coil sets up a field and
moves the needle.

The term coupling means in a sense the connection
between two coils by a magnetic field of force. Though
the two coils are electrically insulated, the field of
force from one can cut the other, to induce a current
in the second coil. The amount of coupling will be
a maximum when the two coils are as close together
as possible, and a minimum when they are widely
separated or at right angles. This is shown in Fig-
ures 18 and 19. In Figure 19, two coils at right angles
to each other have very small coupling so that only

By P. E. Edelman

RADIO INPUT
Figure 19

a weak or negligible current is set up in the second
coil by current through the first one.

Transformer Action

The ratio of turns of the two coils may also be
varied to affect the coupling, but usually this is done
to change the ratio of the induced current and voltage.
If coil 1 carries a changing current of one ampere

coiL coiL2
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Figure 20

and ten volts and has 100 turns of wire, and coil 2
has the same dimensions, a current of one ampere, and
ten volts will be induced in it when the coupling is
close. But if the second coil contained 200 turns,
the current would be one-half ampere with twenty
volts. In all cases, a steady direct current through
one coil will not set up a current in the second coil.
The current is always changing. A changing current
sets up a changing magnetic field. If this change
amounts to a full reversal from one direction to
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another, it is called an alternating current. An al-
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ternating current or even a fluctuating current will
set up a corresponding alternating or fluctuating field
of force and can induce a similar current in a second
coil which is coupled to it.

If the input is Radio current, the output from the
second coil will be Radio current of the same fre-
quency. If voice current is sent through one coil, the
second coil coupled to it repeats voice current.

If two coupled coils are each supplied with the
same current as illustrated in Figure 20, the field of
one will oppose the field of the other, and this can
be arranged so that one field neutralizes the other.

A wire acts like a coil and has inductance,
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Figure 22

Inductance so far has been mentioned as in a coil.
But a straight wire also has inductance. The longer
the wire the more inductance it has, so you will see
that in a sense inductance is a length dimension.
When current is sent through a wire as illustrated in
Figure 21, a circular field of force is set up around
the wire. If a fluctuating or alternating current
supply is used, a similar field is set up. The distance
at which such a field can be detected depends on the
power used. The field set up by an ordinary low fre-
quency power line can be detected vigorously up to
say 100 feet from the wire, but if the wire were carry-
ing high or Radio frequency current, the field set
up would be detected much further.

If a Radio current, Figure 22, is carried by a wire,
a rapid Radio field is set up around the wire. If the
wire is arranged as an aerial, part of this field will
be thrown off as waves.

inductance is practically never found without a con-
denser effect termed capacity. Two pieces of metal
separated, form a condenser, -as illustrated by Figure
23. These two pieces of metal could be two wires as

in Figure 24. The two wires might even be two suc-
cessive turns of a coil, to form a very tiny condenser.
Any such condenser acts as a temporary storage pack-
age or little tank for electrons.
Condenser Effects in Coils
A coil, as in Figure 26, acts at Radio frequencies as
though it had a number of tiny condensers connected.

E—l:

c—————
D Two sepgaATE WIRES
TWO SEPERATE FORM A SMALL
PIECES OF METAL CONDENSER.,
FORM A CONDENSER ,

Figures 23 and 24

This is _spoken of as the capacity effect of the coil
In Radio apparatus using coupling coils there is also
a capacity effect between coils. This is shown in Fig-

ADJACENT TURNS
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Figures 25 and 26

ure 27. For instance, there is a marked capacity effect
between the primary and secondary windings of most
transformers used in Radio sets.

The single layer coil, Figure 28, is popular in Radio
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Figures 27 and 28

receivers because it is simple to make. It has a very
small capacity effect. When two or more layers are
wound, Figure 29, there is a large jump in the capac-
ity effect. Capacity effects are usually not wanted
in Radio inductances so various special forms are
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. CAPACITY
Figures 29 and 30

made to reduce capacity. Thus, Figure 30, one turn is
wound on so that it will not be in direct contact with
the next turn. There are various windings called
honeycomb, basket ball, sine, curkoid, etc., designed to
minimize capacity effects.

Figure 31 shows a honeycomb coil. A similar coil
called D. L. or duo-lateral, alternates the spacing of

NUMBER
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SPIDER WE®B COIL

HONEY COMB COIL
Figures 31 and 32

successive layers. An easily constructed coil is the
spiderweb, Figure 32. It is wound on a disc with an
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Figures 33 and 34

odd number of slots. Successive turns come on oppo-
site side of the disc.
Variometer and Variocoupler
A variometer is a name for two coupled coils which
are connected together. The inductance is varied by
(Continued on next page)
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(Continued from preceding page)
turning one coil with respect to the other so that the
fields of each coil aid or oppose. Variometers find
much use in so-called regenerative sets which require
a variable inductance. A variocoupler is much the
same but has the two windings separate for use in
different circuits. Such circuits are said to be coupled
magnetically, and dials are arranged to adjust the posi-
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Figures 35 and 36

iton of one coil with respect to another. A split vari-
ometer is simply one in which a tap is taken out
between the two coils or the coils used separately.

The coupled coils, Figure 35, form an air core
transformer. Such transformers are used for connect-
ing Radio amplifiers. The coupling is said to be
close or tight if the two coils are close together, and
loose or weak if the fields of the two coils are much
separated. Transformers for audio frequency currents
usually are wound on iron cores. This is done to
increase the inductance as the presence of iron in-

CROSS SECTION OF WIRE.
HIGH FREQUENCY CURRENT .
CROWDS IO OUTSIDE OF WIRE

Figure 37
creases the magnetic field concentration set up by

the current in the windings. This increase is very
considerable. In order that the iron itself may not
act as a coil of wire and absorb current by induction,
the iron used is made up in thin sheets or laminations
which are cut as little as possible by the field, and
alloys such as silicon steel are much employed to
further reduce the current which can be set up in the
core itself. In Radio transformers, powdered iron
or tissue thin sheets must be used if iron is to have
any effect at Radio frequencies, as desired.
High Frequency Current on a Wire

Whereas direct or low frequency current goes
through a wire by pushing the electrons instantly, a
high or Radio frequency current does not go through
the whole wire but only the outside shell of it. As
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fast as the high frequency starts through the wire it
is pushed out again, so must flow at the surface layer.
This is clearly shown in Figure 37.

Parallel wires act much like coupled coils, in that
a current in one wire, Figure 38, sets up a current
in the other. Sometimes nearby electric wires induce
steady or momentary interference or transient currents
in Radio apparatus, and that is why listeners can hear
power line hum, signal buzzers, elevators» motors, etc.,
in some localities. When the two wires cross at right
angles as in Figure 39, the effect is minimized and
that is why .t is well to locate an aerial on this prin-
ciple where possible, in a locality where a nearby power
line may induce such current on an adjacent aerial
wire,
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Figure 39
If a coil can induce current in another coil near it,
it is reasonable to expect that a coil can in a sense
induce current in itself. In circuits, a smgle inductance
coil often has such an effect, which is called “self

inductance.” In such cases a coil is used as an im-
pedance for temporary storage of Radio energy much
as one stores mechanical energy in a clockspring.
When the current goes through the coil, a field is set
up, but when the field collapses back on reversal of
the current, a counter current is sent back on the
coil.

The practical unit used to express values of induc-
tances in Radio, is the microhenry, or MH.

Receiving Sets and Condensers )
Every receiving set contains one or more condensers.
A condenser is a capacity or device for temporarily
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Figure 40

holding electricity. A large condenser holds a big
quantity of electrons much as a gallon jar holds
water. A tiny condenser can only hold a small
amount of electrons, corresponding, for example, to
a thimble full of water.

Figure 40 illustrates how any two conducting sur-
faces separated by a dielectric, form a condenser. The
dielectric means the insulator between the metal plates,
such as air or mica. When an electric charge is ap-
plied, a bunch of electrons rush onto the plate and
set up a strain in the dielectric between the two plates.
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Figures 41 and 42

One plate is said to become negatively and the other
positively charged, which means simply that there
is more electricity on one plate than on the other.
Both plates want to be discharged or have an equal
quantity of electrons, and to do this electrons must
be moved, constituting a current. Starting without un-
equally charged plates, if electrons are added to one
plate, it is said to be charged and the other plate
has an equally opposite ability to take away this extra
charge. This ability to take away the charge from
the other plate is called a positive charge. The dielec-
tric is an insulator and prevents the electron flow
necessary for equalizing the charge or amount of

=

—
electrons on each plate. This is then accomplished
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externally by connecting a suitable circuit around the
condenser plates.

Charging a Condenser

If a battery is connected to a condenser, it is charged
to the same voltage as the battery can give, but no
current can flow through the condenser. If alternating
or Radio current is applied to a condenser, it can,
however, pass right through. The condenser charges
first in one direction and then reversely, following the
alternating supply current, thus acting as a temporary
reservojr to take and give back electrons in large
quantities. This is diagrammed in Figures 41 and 42.

Instead of one plate for each side of a condenser
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Figures 43 and 44
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there can be a group sandwiched in between insulating
dielectric material, as illustrated by Figure 43. Each
group acts as one plate.

Two condensers can be connected to make one
larger or one smaller condenser. The parallel con-
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nection to give a larger condenser effect is shown in
Figure 44, and the capacities of the two condensers
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simply add together. In the series connection, Figure
45, the combined capacity is always less than the
capacity of the smallest individual condenser alone.

The two wires in a telephone cord such as is used
in Radio receiving sets form a considerable capacity,
as illustrated in Figure 46. So do two close parallel
busbar connecting wires form a tiny Radio condenser,
as in Figure 47. Sometimes such tiny condensers can
pass considerable Radio frequency current.

Another small condenser is naturally formed in
the vacuum tube used in a receiving set, as illustrated
in Figure 48.

_Different Types of Condensers .
The main types of condensers used in Radio sets
are, firstly, those using an air dielectric and usually
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Figure 49

variable or adjustable as to capacity size, and, secondly,
those using mica or some other solid dielectric ma-
terial. The later are more compact and can be fixed
or adjustable. Air is the unit in measurement of dielec-
tric capacity, and other insulators, as mica, have a
much larger dielectric constant. Thus for the same
dimensions mica can hold a greater dielectric strain

than air. Some materials, as paper, are not good
a DIAELECTRIC
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dielectric because they absorb and dissipate energy.
Figure 49 diagrams the popular type of plate variable
condenser and Figure 50 shows one of the smallest.
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The windings of an ordinary audio frequency trans-
former have considerable capacity of condensers in
and between the windings, as illustrated in Figure 51.

Combinations of Condensers and Coils

Figures 52 and 53 show the two principal connections

of a condenser and a coil, as used in tuning. Such
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Figures 52 and 53

combinations become adjustable packages to fit certain
frequencies. A vernier condenser, Figure 54, is really
two, one large and one tiny, so that the size of the fre-
quency container of the condenser and coil combina-
tion may be more finely adjusted.
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Figure 54
Body capacity occurs when a small condenser is

formed by the operator’s hand or body and the receiv-
ing set. The human body when insulated from the
earth makes a small condenser (number 1, Figure 55)
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with it. The hand insulated from the receiving set
makes a tiny condenser, number 2, with it. The set and
its batteries will usually make a condenser, number 3,
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with the ground. This has an_interfering effect in
tuning some sets and can be avoided by grounding the
(Continued on next page)
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movable plates of the condenser used in tuning the
set or by employing a capacity shield. The principle of
a capacity shield is shown in Figure 56, where a metal
plate is connected to the ground and interposed be-
tween the operator’s hand (usually back of the instru-
ment panel) and the set.

Electrostatic Field

There is an electrostatic field set up between the
plates of a condenser, as diagrammed in Figure 57.
Tubes of force extend in the dielectric between the
plates. In an aerial, such tubes of force extend be-
tween the aerial wire and ground, as indicated in
Figure 58. A transmitting aerial sends off a pair of
field components, one electromagnetic and the other
electrostatic and at right angles thereto. A receiving
set employing an aerial operates on both of these
components, while one employing a loop, functions
mainly on the electromagnetic part of the travelling
field, known as Radio waves.

The practical unit used to express the size of con-
densers or capacity in Radio is the microfarad. "Some-
times condensers are spoken of by the number of
plates, as 23-plate, 43-plate, etc., but this is less pre-
cise than to say .0005 microfarad, .001, etc. Many fixed
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condensers on the market at the present time are
inaccurately labelled as to capacity. Good fixed con-
densers usually are made from mica, compactly com-
pressed and insulated and marked with reasonable ac-
curacy. Good variable condensers are well built me-
chanically, have carefully rounded plates, and must

run true. If one plate touches another, the device is
no longer a condenser but a conductor the same as any
scrap piece of wire might be. Some manufacturers
design condensers with a so-called minimum “phase
angle” loss, which simply means that the dielectric is
arranged to be as perfect as possible.

Resistances in Radio

When a crowd tries to get home from a baseball
game, there is a rush for the gates and only a certain
number of people can pass through the gates at a
time. Thus the gates have resistance to the flow of
the crowd much as a wire offers resistance to the flow
of electrons (electric current) through it.

When a battery is connected to a wire, Figure 59, the
electrons have to be pushed through the molecules in
it. The smaller the wire the harder this will be. Thus
any coil of wire, Figure 60, has resistance and acts in
a circuit as though it were in two parts, one a coil, and
two, a resistance.

A common form of resistance is the rheostat, which
is merely an adjustable resistance and, in Radio, usually
is employed to control the amount of current supplied
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to a vacuum tube filament. A wire rheostat is dia-
grammed in Figure 61. Instead of wire, graphite discs
can be used, Figure 62A. As the pressure on the
discs is increased the resistance is decreased. Some-
timnes grains or powder, as shown in Figure 62B, will
be adjusted by means of a plunger, to vary the resist-
ance. Devices using the principles shown in Figure
62 usually give finer regulation than the wire resist-
ances.

The unit of resistance is called the ohm. A form of
rheostat now in much use can be gradually varied
from less than one-half an ohm to more than thirty
ohms.

Very much higher resistances are used as grid leaks.
A grid leak may have as much as ten million ohms
or as little as 50,000 ohms according to the purpose it
is to be used for. A million ohms sound like a great
deal but is comprised simply, Figure 63, by a piece of
paper soaked in India ink and dried. Variable grid
leaks are made in several forms for use as indicated
by Figure 64 in combination with a tiny condenser.

RESISTANCE WIRE

Figure 61
PRESSURE SCREW
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Figure 62
. Another form of resistance used in some Radio sets
is called a potentiometer. It resembles a rheostat but
has_ a higher resistance, such as 400 ohms, with the
switch arm arranged as a movable tap. The principle
of a potentiometer is shown in Figure 65.

The resistance, in this case 2,000 ohms, is connected
across a battery. A voltmeter or other output circuit
is connected between one end of the battery and the
switch arm. The voltage across this output depends
on the position of the switch arm, so a potentiometer
is used to obtain a finely adjustable source of voltage
or potential.

Resistance in Poor Connections

If a bus bar is loosely (cold soldered) to a binding
post a loose connection having a high resistance may
result, as illustrated in Figure 66. A wire 10 feet long
has twice the resistance as if it were only 5 feet long,
Figure 67. Increasing the area of a wire decreases its
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There is a fundamental relation of resistance to
current and voltage, called Ohms Law. This is illus-
trated by Figure 70. When a battery having 6 vol:s
resistance, a current ' of 1 ampere can flow through
this wire.

Surrent equals voltage divided by resistance—

r

Resistance multiplied by current gives the potential
or voltage.

To put more current through a wire with a fixed
resistance, the applied voltage must be raised.
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Headsets used in Radio are often designated as
2,000 ohms, 3,000 ohms, etc. This is not a reliable
measure of the merit of the phones, but expresses the
direct current resistance offered by the windings
thereof.

The Essentials of Radio Electricity

The mystery inside of a Radio set soon begins to
clear when a few of the elementary principles of elec-
tricity are recognized.

Batteries are used to supply local eleccrical energy
to operate receiving sets. A battery called an A bat-
tery is used to light the filament of a vacuum tube, and
a battery called a B battery is used to supply the local
plate energy for the vacuum tube.

The principle of a battery is diagrammed in Figure
71. When a piece of zinc metal and a piece of carbon
are inserted into a solution of the chemical, sal am-
moniac, certain distributions occur in the electrons in
the zinc. At the surface of the zinc, at the contact of
the zinc with the sal ammoniac and water, at the con-
tact of the solution and the carbon and at the surface
of the carbon a quantity of electrons flow, from the
carbon plate through an external wire to the zinc
plate. A chemical change also occurs during the action
and some of the zinc metal goes into solution combin-
ing with the chemical electrolyte. Essentially, a bat-
tery changes chemical energy into electrical form and
the zinc in this case is in a sense burned much the
same as is coal in a furnace.
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resistance, Figure 68. .

A microphone is made up of graphite grains held
between two contacts which can be vibrated by a dia-
phragm, thus changing the resistance.

The labels “plus” and “minus” are such as have been
arbitrarily established to indicate current flow, as going
from the positive plate, carbon, through the wire, to
the negative plate, zinc. A dry battery is operated on
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much the same principle and is really not dry but
moist, with the electrolyte in the form of a gelatine
like mass. The usual forms of dry cells have the zinc
plate outside acting as a container, and also com-
prise certain auxiliary chemical agents or depolarizers
to assist the desired action.

The A battery is called upon to supply a current to
heat the wire filament of a vacuum tube, and will run
down or become exhausted after a time. The B bat-
tery supplies a higher voltage or pressure and is made
up of a number of cells in series. These cells are of
smaller dimensions because the current required is
very small.

Storage Battery

A storage battery, also diagrammed in Figure 71, is
used where a steady current 1is required, and is called
so because when run down, the original chemical con-
dition in the battery can be restored by sending elec-
tric current through it. In the lead acid type of stor-
age battery two lead plates are separated in a jar qf
dilute sulphuric acid. One lead plate, the positive, 1s
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the entire combinagion can pass no more current than
can go through this one bad cell, for it then acts as
a high internal resistance.

Fluctuating Current from Dry Cells

Dry cells used for B batteries will sometimes become
polarized or depleted so that the current supply is
interrupted or fluctuated somewhat as a microphone
operates; that is to say, by this variable battery resist-
ance. This is chemically caused and results in a so-
called noisy B battery because a rumbling is heard in
the headset from the fluctuating plate voltage. Dry
cells run down with time even when not used owing
to drying up and polarizing in the cells. A B battery
of good construction will sometimes last over a year
while a poor one may run down in a month’s time.

A battery is shown in diagrams by a long line sep-
arated from a short heavier line. If connected to a
coil of many turns as in Figure 73, a magnet is formed
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given a surface coating of lead peroxide, a brown
appearing chemical. Then when an external wire
connects the two plates, a current flows from the
peroxide coated plate through the wire to the lead
plate.

After a time of use, both plates will get down to
the same potential so that the electron distribution in
the battery is equalized and there can be no external
current flow. Then the battery can be recharged, that
is to say, a new peroxide coat can be applied to one
lead plate by passing electricity from an outside
source through the battery, thus changing the con-
centration of the electrolyte and .he chemical equilib-
rium in the cell. A storage battery really stores
chemical energy rather than electricity., When fresh
a dry cell usually affords slightly better than 1.5 volts
at the terminals but cannot supply a heavy steady
current without rapidly running down.

When freshly charged a storage cell, affords close to
22 volts and can give a heavy steady current for
considerable time. Batteries also have resistance,
called internal resistance. In the case of B batteries
made up of a number of cells, this internal resistance
has a noticeable effect and sometimes condensers are
employed to bypass the battery to Radio currents. In
using batteries of the dry cell type, remember that they
will run down and must be renewed. As for storage
cells, they should be kept charged, and replenished
with distilled water from time to time, as advised by
the maker’s instructions. Dry cells used for A batter-
ies run down oftener than do B battery cells because
they furnish a heavier current then they should.

Series and Parallel Connections

Figure 72 shows the two connections for batteries,
series and parallel. If two equal cells, 1 and 2, are
connected in parallel, that is to say with the positive
plate to the positive plate and negative to negative,
this gives a battery of twice the effective current
capacity but the same voltage as one cell. In a
series connection, one positive plate to one negative
plate of the other battery, this combination affords a
battery of double the terminal voltage of one cell, and
the same capacity. In a series connection of one cell
goes bad, as often happens in a B battery which com-
prises several cells in series sealed up into one unit,

and can be used to attract or repel a permanent mag-
net. Electric motors are operated on this principle.
If an iron core or cylinder is placed in one end of a
coil, Figure 74, current in this coil or solenoid will pull
the iron core into it. An iron core concentrates the
lines of force set up by the coil. Telephone recervers
and loud speakers utilize these principles. .

Electricity is electricity, whether called alternating
or direct. A direct current flows at a steady applied
voltage, Figure 75, whereas in the case of an alternating
supply, the direction is regularly reversed back and
forth. This can be fixed in mind by analogy to two
different kinds of saws. A band saw cuts wood by
moving in one direction. A buck saw cuts wood by
moving back and forth through it.

Lag and Lead of Alternating Current

A direct current flows together in time sense, with
the applied pressure or voltage. An alternating current
can do this in a circuit of pure resistance or when
the capacity and inductance are in proper relation. If
alternating current is applied to a circuit containing
just a condenser, Figure 76, the current jumps ahead
of the voltage owing to the condenser action. If an
alternating current is applied to a circuit containing
just an inductance coil, the current lags behind the
applied voltage because the coil sets up a counter field.
If, however, the circuit contains both capacity and
inductance, the condenser effect can be made to
balance the coil effect so that for a certain frequency
the alternating current and the applied voltage act
together in time relation. This is called “phase.” In
tuning Radio sets, a condenser is often combined in
certain size with a coil for this effect, which is then
called “resonance,” i. e, for a certain frequency the
condenser effect and coil effect is balanced.

Another form of electron flow is much used in
Radio, in vacuum tubes. An ordinary electric lamp
with a filament in a vacuum bulb is diagrammed in
Figure 77. Besides emitting light rays and heat, such
a filament also shoots off invisible particles of nega-
tive electricity called electrons. This occurs much
as in the case of water evaporating into steam. In
a lamp, however, the electrons shoot off and have
no special place to go so, after filling up the inside
of the bulb and partially leaking back into part of the
filament, they form a so-called space charge in the
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vacunm tube. This is not strange and is comparable
to the case of a battery which does not have its plates
externally connected through a wire.

When, however, a metal plate is put inside the
vacuum tube, the electrons can flow to it. If an ex-
ternal circuit is connected and supplied with local bat-
tery so that the plate gets a positive charge, a large
number of electrons can flow to the plate. The local
battery can then send a current through the space
between the plate and the filament.

Figure 80 illustrates the relations in a vacuum
tube. The filament is heated and emits electrons
which can pass to the positively charged plate. The
plate battery can then send a current through the
electron flow, this current going between the plate
and filament and coming from the battery. A third
piece of metal called a grid can be used to regulate
the electron flow and thus govern the plate battery
flow. Should the grid have no charge, it has no effect.
If positively charged it acts like a plate and lets
electrons flow from filament to plate. If negatively
charged it opposes the negative electron flow, and can
even be negatively charged enough to stop this flow.
Then no plate current could flow from the plate cir-
cuit battery.

Figure 81 should assist in fixing direct current flow
in mind by analogy to the water flow shown. A cor-
responding diagram for alternating current is shown
in Figure 82

From Figure 83 it will be seen that a rubber dia-
phragm is inserted in the water pipe, representing
a condenser in the wire circuit. A direct water flow
could only stretch this diaphram in one direction and
then the flow would stop so the paddle wheel motor
would not run. But an alternating motion on the
pump diaphragm (generator supply) will send the
water rushing one way, then reversely, and can move
the paddle wheel. In electric power work suitable
construction in the motor changes the alternating
power source into continuous direction motion.

There are other devices which can change an al-
ternating current effect into an equivalent direct cur-
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rent result. Such devices are called recetifiers. In
Radio a detector acts as a rectifier to let the Radio
current change into direct current flow.
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Simple Explanation of Radio Reception

“The Key to Radio Circuits” — Chapter 111

The new listener in is soon able to read and under-
stand Radio diagrams when the essential circuits are
known. A circuit is a complete path for a flow of elec-
trons called an electric current. A Radio circuit is
usually made up of several individual and co-operating
circuits.

By P. E. Edelman

or battery used. When a Radio amplifier is used,
Figure 86, very tiny and feeble Radio waves can be
built up into a form strong enough to operate the
detector satisfactorily.

If one can amplify Radio frequency and audio fre-
quency independently, why not together? When this

92, the tuned plate circuit is tuned in connection with
the natural condenser comprised inside of the vacuum
tube used, by using a variometer as an adjustable in-
ductance.

. The number of different forms and combinations of
circuits made possible from the principal actions is
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essary to know what object is to be _ DETECTING
accomplished thereby. The purpose of
a receiving circuit or system is to catch INPUT RADIO INBUT

a portion of the transmitted wave energy
and translate it back into the form of
sound.

In Figure 84, a simple receiving proc-
ess is diagrammed. First Radio waves
are intercepted or caught. This can be
done by means of an antenna wire called
an aerial and a ground connection. When
the incoming waves cut this aerial they
set up in it a high frequency or Radio
current. Next, there is placed a con-
venient and proper sized path for this Radio fre-
quency current. This is called a tuning device, and
may consist of a coil and condenser. The purpose of
tuning is to fit the receiving apparatus to receive the
particular Radio frequency of the particular Radiocast
waves desired.

So far, one has merely brought the Radio frequency
into the form of Radio frequency current. It is now
necessary to change this Radio frequency current
from its present form, flowing back and forth at inau-
dible rate, into a pulsating form which flows in one
direction. This is called rectifying. Then this pulsating
current can actuate a telephone receiver diaphragm.
In a receiving set one deals with electric currents and
changes of form thereof.

Now there are variations of this simple process. One
can add an audio frequency amplifier to boost the
fluctuating current taken from the detector output so
as to operate a loud speaker. This is illustrated in
Figure 85.

Radio Amplification Before Detection
If a distant station is to be brought in, the incoming

C\STCH\NG
AVES )
TUNING RABE AN | DETECTING
|| ~
: }
REPRODUCING
RADIO INPUT~ RADIO

4b l OouTPLT l

ALDIO
INPLUT

AUDIO
OUTPUT

Figure 87

waves therefrom may be too feeble to actuate the
detector. A certain minimum amount of energy called
the “threshold” value is required before a detector can
operate. For this purpose a Radio frequency amplifier
or booster is employed. The output of this amplifier
will have the same frequency of current flow, but
with a much greater value than the Radio input. The
difference is obtained from the local source of power
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is done in a single unit or vacuum tube circuit,
Figure 87, the process is known as reflexing. By
proper design of the circuit the two greatly
different frequencies, Radio and audio, do not inter-
fer.e. The energy value is thus built up both before
and after rectification in the detectoer. The point to
remember is that there can be both Radio and audio
frequency inputs and outputs for an amplifying device.

Another method much used is termed regeneration.
Referring to Figure 88, a portion of the Radio fre-
quency current from the tuning device number 1
will not be rectified by the detecting unit but will be
suitably returned or fed back ahead of the detector.
In 1this way a feeble Radio current can be made to
build itself up much like
a dog chasing its tail AERIAL
Electrically, regeneration

ALDIO lNP\ﬂw

Figure 88

very large and for example, tuning can be combined
with regeneration, with Radio and with audio fre-
quency amplification, as well as with reflex operation.
Referring again to Figure 90, it is possible to adjust
the feedback so that enough energy is transferred to
the grid circuit to set up oscillations, or a powerful
locally generated Radio frequency current. The receiv-
ing vacuum tube can thus act as a transmitter and
radiate considerable Radio energy. That is what
happens when neighbors swish the dials of their
tuners or receiving sets of this type back and forth.

is accomplished by cou- FIXED CONDENSER, VACUUM TUBE
pling a plate circuit to a
grid circuit, usually tun- GRID
ing both to the desired \\VARIOMETER.
frequency. 2 PLATE o
N
Different Kinds of RHEOSTAT é
Circuits
Radio circuits are also N
spoken of according to the I —I'I'I'+ J'I'I'I'I'I'H-f
kind of tuning. A single =—="GROUND ‘A BATTERY "BBATTERY

circuit may thus have sev-
eral circuits, but the tun-
ing is accomplished by
one circuit, as illustrated
in Figure 89. Such a
single circuit really has a
tuned aerial circuit, a grid
input circuit and a plate
output circuit. In Figure
90, the addition of a Radio
feedback circuit in the
plate output makes a so-

i

called single-circuit re-
generative circuit.

Similarly, two circuit
tuning means that the
grid input circuit is tuned
and coupled to the aerial tuned circuit, as shown by
Figure 91. The equivalent individual circuits thus
made up into a whole are shown in the lower portion
of Figure 91.

When three circuits are each tuned to the incoming
frequency, as in Figure 92, still better selection or re-
strictive path for the Radio energy is provided. This
might be further complicated with four circuit tuning,
etc,, but the increasing number of adjustments makes
such multiple circuit tuning complicated. In Figure

—-[.____ AERIAL Ec(n);acun’ ’ I_H_..I

n| r
GRID Q\RCUIT
Figure 89

PLATE CIRCUIIT

At certain adjustments such regenerative receivers
oscillate and generate Radio waves, thus acting as a
miniature Radiocasting station.

Such 'interfering radiation only occurs from cer-
tain adjustments of the regenerative type of receiving
circuit, and more particularly from the close coupled
single-circuit variety. Careful operation avoiding
mushy and whistling sounds along with reproduced
Radiocasting, or the use of less coupling, or the em-

(Continued on next page)
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(Continued from preceding page)
ployment of a stage of Radio frequency amplification
ahead of the regenerative detector unit, or the use
of other types of circuits, will avoid this condition.
The present sets in use are largely of the regenerative

FEED BACK

GRID LEAK

= Figure 90

type and thousands are in the hands of people who

more or less innocently Radiocast a swarm of inter-

fering Radio waves to neighboring receiving sets.
Radio’s Cast of Characters

Just as the enjoyment of a play or motion picture is
enhanced by knowing the cast of characters, so is the
understanding of Radio increased by knowing who's
who among some of the common terms used.

The Radio words and terms most heard are, firstly,
the slang class; secondly, the trade name variety;
thirdly, the technical, and fourthly, the scientific.
Without attempting to print a Radio dictionary, one
can point out the gist of terms in common use:

AERIAL. This means the insulated wire used to
radiate or intercept waves.

ALTERNATING CURRENT. This term is usually
written A. It is a current that goes in one
direction, stops, and reverses in recurring cycles.
Pulsating or fluctuating current is a current flow-
ing in one direction but varying from time to time
in amount.

AMPLIFIER. This usually refers to the circuit used
to amplify Radio or audio frequency current, but
sometimes means the vacuum tube used for this
purpose.

AMPLITUDE. Means the measure of the value or
energy in a single wave of any wave motion.

ANTENNA. Means the overhead aerial wire, lead in’
and ground wires combined; the antenna circuit.

AUDIO FREQUENCY. Means vibrations within the
range the human ear can hear, usually below 10,000
cycles, and more particularly between 16 and 6,000
cycles per second.

AUDION. The first trade name given to the three
electrode vacuum tube.

CAPACITY. The size or electron holding ability of
a condenser.

CONDENSER. A device for holding electrons.

DETECTOR. A Radio frequency rectifier or device
for changing Radio frequency current into direct
flowing current.

ELECTRIC CURRENT. A flow of electrons. It
occurs substantially instantaneously.

ELECTRON. May be considered as raw electricity
in its tiniest unit.

E. M. F. Electromotive force, or voltage, in electric
terms means the same thing as head or water
pressure in hydraulics.

ETHER. This is a word used.to designate what is
left after taking all known material substances from
space, and can be regarded as space. Radio waves
extend through the ether in the form of expanding
fields of force.

FREQUENCY. The inverse of wave length and
means the vibration or recurring change of wave
energy. Radio frequency is thus an extremely high
rate of vibration.

SRID. This refers to the controlling electrode of
a vacuum tube.

GRID POTENTIAL. Means the E. M. F. applied
to the grid for control purposes.

GRID LEAK. The resistance used to discharge the
grid condenser slowly.

GRID CONDENSER. The tiny condenser used with
the grid leak to control the grid of a vacuum tube
for detecting purposes.

GROUND CONNECTION. The connection made
with the earth, often by connecting a wire to the
water- pipes.

HARMONIC. The overtone of the fundamental
vibration and can occur at Radio frequencies also.
There is a tendency of any frequency to set up
harmonics. : ;

HENRY. Usually expressed as millihenry or micro-
henry, and is a unit measuring_value of inductance.

IMPEDANCE. The resistance in addition to the
direct current resistance value of a 'coil or con-
ductor.
up by magnetic lines of force collapsing back
through the coil or wire. At Radio frequencies
large values of impedance can be set up, and this
action is sometimes referred to as choke coil action.

INDUCTANCE. Usually describes thé action of a
coil of wire. .

INDUCTION. The transference of energy via lines .

or tubes of force without direct electrical contact
or circuit.

KILOWATT. A thousand watts, the unit of elec-
trical power, and the term microwatt means a
millionth of one watt.

It is caused by the reversed E. M. F. set .

LOOP. A coil or inductance used to intercept
Radio waves and usually comprises ten to twenty
turns of wire on a frame two to four feet in diameter.
It is directional.

LOUD SPEAKER. Device for reproducing electric
pulsations in form of sound waves.

NEUTRALIZING. Opposing two fields of force
to give substantially zero effect. Two coils can
be connected in opposite sense or a coil can be
combined with a condenser to accomplish this
action.

PHONES. The ear pieces or headset used in re-
production.

POTENTIOMETER. A resistance device for ob-
taining gradual differences of E. M. F. or potential.

PATENT. A limited monopoly granted by the
government for alleged new and useful improve-
ments. Infringement means the use without the
owner’s permission of the invention or idea claimed.

PHASE. The time relation in electrical circuits.

RADIOCAST. Intelligence in form of sound waves
carried by Radio waves and transmitted in all
directions.

RADIO FREQUENCY. This is the vibrations in
wave form, or electrical current alternations, occur-

ZERO BEAT. Two oscillating currents that have the
same frequency and do not heterodyne. Heterodyne
* means that two sources of oscillation slightly differ
in frequency and set up a third frequency which is
the difference of the two. A local frequency can be
setup in a receiving: system to heterodyne with an
incoming frequency, and the resulting third fre-
quency may be either audible or inaudible (Radio)
frequency.
Few Minor Expressions
There are a few minor common expressions which
-are much used but hardly accepted.
B. C. L. Radiocast listener. Sometimes called lis-
tener.
BIAS. A term for the potential or E. M. F., placed
on a grid of a vacuum tube for control purposes.
BROAD. Tuning which is not limited to one fre-
quency but covers a band of several frequencies.
BUS WIRE. The connecting wire used in wiring a
circuit. -

CONTROL. The manipulation or dial twisting, in
adjusting tuning circuits.

CRYSTAL. The mineral used in crystal detectors
and is often spoken of as the whole thing.

FADING. The swinging or temporary disappearance

Y

I~

of incoming Radio waves
due to natural reflections,
atmospheric conditions,
or other causes. Signals
sometimes fade, and then
reappear.

FIELD OF FORCE. The
influence in space set up
by an energized circuit
or coil.

FILAMENT. The electron
emitting hot wire in a
vacuum tube.

ik
s

CAPACITY AND

'llllllllllllll

- + HAM. A comical term for
an amateur Radio oper-
ator, 0

HEAVISIDE LAYER.

INDUCTANCE OF AERIAL

Y

.

3
v

The upper strata of the
atmosphere from which .
Radio waves are some-
times said to be reflected.

INSULATOR.. A sub-
stance which greatly re-
sists or cuts off the flow
of current, as porcelain,
hard rubber, etc.

|8
%nl@

e O

= | JUICE. A careless expres-
'\}f-'f sion for electric current.

= PLATE RADIO PLATE LEAD-IN. The wire con-

TUNED GRID C\RCOIT FEED BACK AVDIO necting an aerial to a re-

- ! CIRCU\T C\RCUNT ceiving set.' Lead wires,

TUNED AERIAL CIRCUIT
Figure 91

ring in the range usually limited by 10,000 cycles up
to 4,000,000 cycles per second.

RADIOTRON: TRIODE. Present-day names for
the same thing, a Radio three-element vacuum tube.

RECTIFIER. Aside from its meaning in detectors
refers to a device for changing alternating current
into direct flowing current. For charging storage
batteries, rectifiers are of magnetic, or electron bulb,
or chemical types.

REFLEX. Relates to the double use of vacuum tube
amplifier at both Radio and audio frequencies.

REGENERATIVE CIRCUIT. A circuit employing
the principle of a tuned plate or grid circuit feed-

ack.

RESISTANCE. The opposition offered by a circuit
or wire to the flow of current.

RESONANCE. The term applied when a circuit
is adjusted to exactly fit a certain frequency.

RHEOSTAT. An adjustable resistance for con-
trolling current.

SQUEAL, HOWL or WHISTLE. Undesired audio
frequency currents set up in certain sets.

STATIC. This defines the natural interference from
discharges, thunder storms, and electrical changes
in the atmosphere, which transmit Radio energy
to the receiving set.

SUPER-CIRCUITS. Super-heterodyne, super-regen-
erative, etc., are names for combination circuits.
The super-heterodyne changes the incoming fre-
quency before rectification. The super-regenerative
circuit modifies the grid potential to permit the
use of increased regeneration.

TRANSFORMER. This is a magnetic device for
transferring energy via the field of force set up
in a coil. In Radio special forms are used for power,
amplifying, telephone, and tuning purposes.

TUBES OF FORCE. The electrostatic field set up
by the condenser action.

TUNING. The process of adjusting a circuit to fit
a certain frequency. This is done by altering
capacity or inductance.

VACUUM TUBE, ELECTRON TUBE, THERM-
IONIC TUBE. Other terms for the combination
of a filament, grid and plate in an evacuated bulb.
Such a tube can be used as a detector, oscillator,
generator, or amplifier, according to the connections
made with it. '

WAVE LENGTH. The distance from crest to crest
of two adjacent waves. Sound waves are relatively
short, but travel slowly and so have moderate fre-
quency. Radio waves are usually Jonger, but travel
much faster and so have higher frequency.

WAVE TRAP. A combination of inductance and
capacity used to absorb a certain frequency, for
tuning purposes. .

WIRED WIRELESS. Communication in which
Radio waves are guided by a wire line in one direc-
tion and limited by it.

N

describe the connection
between a tapped coil and
a control switch.

LOAD COIL. An extra inductance added to a receiv-
ing set to raise the wave length range to which it
may be adjusted. '

LONG WAVE. A Radio wave from 2,000 to 20,000
meters, or lower frequency.

MAGNET WIRE. Insulated wire used in winding
coils and is further described as scc., single cotton
covered; dsc., double silk covered, with numbers in
B&S, brown and sharpe gauge, or size.

NATURAL WAVE LENGTH. The inductance of
a coil with its self capacity which resonates at a
certain natural frequency. The same term is ap-
plied to the natural combination of capacity and
inductance of an aerial or other circuit.

PERK. Slang for operate, or oscillate.

|

PICKLE TUBE. Slang for dry cell filament operated
vacuum tube.

ROTOR. The movable winding and stator means the .
stationary winding of a variometer or variocoupler.

SHARP. Relates to tuning which is selective or
limited closely to a particular frequency.

SHORT WAVE. Radio waves from 10 meters to
200 meters.

SPAGHETTI. The tubular insulation sometimes
used to cover wires in a receiving circuit.

TAPS. The portions of a coil lead off for adjusting
its effective size.

TIGHT COUPLING. Two coils close together.
Loose coupling means that the two coils are ar-
ranged with less of the magnetic field of one cutting
the other.

TUNED PLATE
CIRCUIT
CAPACITY INTUBE

ELECTRON FLOW

Figure 92

The Shorthand of Radio

By shorthand of Radio, the picture representations
of diagrams is meant. There is another Radio short-
hand concerned with language, and the usual Radio
telegraph message will be transmitted as a series of
special abbreviations.

The diagram representations of apparatus parts and
their typical appearance is shown in the accompany-

(Continued on next page)
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SCHEMATIC HOOK-UP

[VAERIAL ~ CRYSTAL

TUNING COIL

FIXED
COND.

= DHONES

—=

GROUND
WIRING DIAGRAM

Figure 93
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200 MH,

COIL

(Specified size)
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VARIOMETER § !

SPLIT ¥
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TRANSFORMER

/gm

COIL

(Inductance adjustable)
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(Iron core)

COUPLING %g ‘
(Adjustable)

Figure 94a

(Continued from preceding page)
ing figures. Somectimes diagrams are shown with

COUPLER OR
TRANSFORMER | —— ===

(Fixed, air core)

1

it

COIL

(Inductance

fixed)

PLU)D)DD

pictured parts, but it is then difficult to follow the clearly as the diagram symbol.

connections, as location of binding posts are not
usually related to the function of the part connected.

In Figure 93 a simiple receiving set circuit is shown
in two forms, one diagrammatic, and the other sche-

Figure 94b

Consider a vacuum tube. The best photographic illus- matic. The purpose of a schematic diagram is to
tration fails to show the connections to be made as illustrate the principles of the circuit rather than exa-t
dimensions, as in a working drawing. A plan dh
gram attempts to show the location of the parts, holes
to be drilled, dimensions of cabinct, ctc.
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~
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I
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ANTENNA |55
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A

(Movable plates)

VARIABLE
CONDENSER

&

—oﬁfo—-
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==
I |
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-
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¢
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(Specified size)

BINDING POST

CONNECTION

(Wire)

._r\?w__)
NON-CONNECTION '

Figure 94c
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Simple Explanation of Radio Receivers
“Vacuum Tubes and Aertals”— Chapter IV

ODERN Radio apparatus is centered around

the device called a vacuum tube. Its function

is to convert, change, or amplify electrical
energy.

It consists, Figure 95, of three elements in a tube
or evacuated container. The filament or heater serves
as an electron emitting surface. The grid is spaced
therefrom and serves as a control member or valve to
govern the electron flow from the filament. The plate
is placed outside of the grid and is a piece of metal
which can receive the electrons coming from the
filament.

VACUUM TUBE

ELECTRONS

RHEOSTAT
s
~' 5= BATTERY
Figure 95
THORIUM COAT OXIDE LAVER

Z

FILAMENT
(PLATINUM)

Z
FILAMENT i)
(TUNGSTEN) 'y

Figures 96 and 97

+

E
LT

Figures 98 and 99

The filament, Figures 96, 97, consists of a fine
resistance wire which heats up upon passage of a cur-
rent through it. Most filaments in use today are
treated to increase the electron emission. The well-
known type illustrated by Figure 96 consists of the
metal tungsten fused with a small portion of the ele-
ment thorium. The thorium is then driven to the
surface by heat treatment. A thoriated filament has
the same electron emitting ability as a common tung-
sten wire of greater diameter which requires more
current for heating. The type of filament of Figure 97
comprises a platinum ribbon coated with oxides, baked
thereon. Electrohs are better able to escape from such
an oxide coat than from the surface of the platinum
wire alone. The heating pushes the electrons out from
the surface of the wire.

PLATE
CURRENT

POTENTIAL AGRID POTENTIAL
ON GRID CURRENT  ON GRID
N FLOWS
YO FiLA-
MENT.
$ WHEN 5.
$ [ GRID 1S =
S POSITIVELY
3 *. =5
= >4 —
= = -
S = |3 =
51 o= |||;J..3_' 2 3 .H+ ;
d o
' POTENTIOMETER
Figures 100 and 101
HIGH y
NESGMEQEDE  RESTsropgam qsRIoLEA
= ANCE »—l
es DISCHARGES
1) GRID
a CONDENSER § D
Z
8
o +
o ——
et 32 Lkl
Figures 102 and 103
RADIO FREQUENCY  AMPLIFIED RADIO

FEEBLE}SR!D POTENTIAL FREQUENCY PLATE

VA H. CURRENT,

ouTPUT

INPUT

lllll-‘
Figure 104

As shown in Figure 95, the tube is using the grid
as a plate because the grid has a positive battery
connection. Electrons are negative electricity and

By P. E. Edelman

are attracted to a positively charged surface or repelled
by a negative charge.

It is necessary to recognize what goes on in a
vacuum tube to comprehend the action in a receiving
set.

Figure 98 shows the grid negatively charged and
returning or pushing electrons back to the filament.

Figure 99 illustrates the grid without charge from
external circuit, so that electrons reach the plate. Then
a battery connected to the plate can supply a current
which will low through the space between the plate
and filament, now filled by electrons. This plate
current will increase if the emission of electrons from
the filament is increased or vice versa. This plate
current will also be controllable by applying a smaller
or larger charge either negative or positive to the
grid, because this will then control the electron flow.

Putting Potential on Grid

A simple way to put potential on the grid is to let
the rheostat controlling the filament current be in-
cluded in the grid circuit. A so-called IR drop or
potential, set up by the current flowing through the
rheostat, can then reach the grid. Such a potential
is used as a control for the action of the vacuum tube.
It could be obtained from a grid leak resistance or
from a potentiometer or a separate battery. This is
shown in Figures 100 and 101.

Figure 102 shows how a grid condenser lets a nega-
tive charge accumulate on the grid from the electrons,
by condenser action. Fig-
ure 103 shows a high re-
sistance called a grid leak
is used to allow such a
charge to disperse away
slowly.

Alternating Potential

Applied to Grid

If then the potential ap-
plied to a grid controls
the electron flow to the
plate, what will alternat-
ing potential do? From
Figure 104 it will be seen
that an alternating input

AMPLIFIED AUDIO
FREQUENCY PLATE!
CURRENT

AUDIO FREQ
FLEBLE
GRID POTENTIAL

AUDIO__,
INPUT

w

Figure 105

TRANSFORMER,

l

grid can control the plate current. Poor detector tubes
reg(?ire a much larger initial energy to operate the
grid.

If the plate battery is connected to the filament,
it will send a large rush of current through and burn
it out. Don’t!

A soft tube means one containing some gas. It will
work better as a detector because more critical, so
that smaller grid energy is necessary for operation.

Vacuum tubes on the market, even of the same
type and make, vary considerably from one another,
due to variations in manufacture, but on the average,
perform with reasonable uniformity. Sometimes
changing tubes around in a set will improve the opera-
tion. Do not have the battery ON while changing
tubes as this may result in burned-out filaments.

Catching Radio Waves

To operate a receiving set it is necessary to inter-
cept sufficient of the available Radio energy coming
from a small Radiocast station, so that the detector
will operate. There are several methods of doing this.

The most generally uscd means for catching Radio
waves is the outside aerial. It enables more energy
to be put into a receiving set than can be had from
substitutes such as the indoor loop.

Probably the best form of aerial for Radiocast
reception is a straight wire about 100 feet long sus-
pended to clear nearby objects, as indicated by Figure
111. This can be done as in Figures 112, 113 or 114.

RECTIFIED RADIO
FREQUENCY

ALTERNATIONS VOICE

ENVELOPE

“ AUDIO o DN 'll' Y S 7 *
ouTRUT =7 - -
DETECTOR ACTION

Figure 108

s

potential or frequency
will cause the plate cur-
rent to vary at the same
frequency. The plate cur-
rent, however, gets en-
ergy from the local bat-
tery and will contain
greater energy at this
same frequency than was
applied to the grid. This
is amplifier action. Also
if a fluctuating potential
is applied to the grid

PLATE CIRCUIT
Figure 106

POWER RADIATED  GRID CIRCUIT
=

m
l|lll|llllll.r

RADIO
INPUT

(1)

OSCILLATOR

i
Figure 109
RECTIFIED

(Figure 105) the plate RECTIFIED_FREQUENCY,

current will repeat the E‘Sg:?&'f:e*' N [\/

same fluctuations. v ] s
By coupling back the  nanan, W uaFEyeiEs 3

plate circuit to the grid SUPPRESSED BY Z

circuit regeneration sets RECTIFIER ACTION o

up oscillations. Power a

can be radiated frlc))m such g

a circuit combination.

This is shown in Figure B8 g\‘g‘

106. L . AUDIO OUTPUT,
The circuit of Figure

107 illustrates detector

action. The Radio fre-

quency current from the
tuner sets up a Radio fre-
quency potential on the grid. The function of
the grid leak condenser is to maintain an initial
potential on the grid favorable to the detector action.

Detecting means rectification. The vacuum tube
must let one-half cycle pass better than the next
half cycle, otherwise the tube will only amplify the
Radio frequency input. That is what a tube connected
for detector action does, as the reversing frequency
find a good path in one direction and a very poor
path back. The plate current then gets a series of half
cycles at Radio frequency, which means current
flowing in one direction. The windings of the phones
then smooth this out into a voice current as originally
carried by the incoming frequency. This is illustrated
in Figure 108.

With a soft tube, or a tube containing some gas,
such rectifier action is possible without the use of a
grid condenser. Or with hard tubes, sufficient plate
current will usually permit detector action without the
grid condenser.

Special types of vacuum tubes are used for power
purposes, for rectification only, for special circuits, etc.
Figure 109 shows a tube with plate but no grid. It can
act as a rectifier.

Figure 110 diagrams a tube with two grids, so that
all three actions, detection, audio amplification, and
Radio amplification occur together in the one unit.

The essential points are that a potential can be
applied to a grid as a steady potential or a fluctuating
one, or as a frequency, Radio or audio, to control local
energy supplied as plate current.

Practical Pointers on Vacuum Tubes

The sensitive tubes used as detectors mean that a

very small incoming Radio frequency impressed on the

Figure 107

Figure 110

The aerial wire should preferably be stranded, and
the wire should be put up in a substantial manner,
The lead-in wire must not touch the roof and should
be insulated from the building. It can be brought into
a room by means of an insulating bushing in a board,
as shown in Figure 115. The underwriters require
lightning arrester installation and permit an indoor
ground connection. There is usually very little danger
from lightning caused by an aerial, and more accidents

[ /SUPPORT WIRE
INSULATOR.

INSULATOR. |
75 TO100 FT, ———

LEAD

e vaen
e @ aesmm

Figure 111

oceur from careless stringing of wires which can short
circuit by touching power lines.

There is no advantage in using more than one wire
in receiving, but it is important to have this well in-
sulated and clear from metal roofing, etc.

Where an outdoor aerial is not feasible, good results
can be had with a well constructed indoor aerial. In-
sulated wire is preferred for use in an indoor aerial,
and may comprise from 25 to 100 feet concealed be-
hind picture moulding, as illustrated in Figure 116.
For novelties, there are several other types of indoor
aerial. Sometimes connection is made to a buzzer
or telephone line.

(Continued on next page)
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(Continued from preceding page)

In many localities a so-called antenna plug gives
good results. It consists of two small mica condensers
to insulate the line from the receiving set, but allow
Radio frequency to pass. When an antenna plug or
socket attachment is used as an aerial, the wiring in
the building acts as the aerial wire. Sometimes this
operation is not feasible because of the kind of wiring
or excessive interference from interruptions in the
lighting circuit, making noise in the reproducer of
the receiving set.

Phantom and Loop Aerials
A so-called phantom aerial is a capacity effect per-
mitting reception by use of a ground connection only.
A circuit is shown in Figure 118 which gives good
results on local Radiocasting without an aerial, and

/|

effects do not send current through the wire in the
loop. Loop Number 2, however, will get no energy
from station Number 1, but will get some from either
station Number 2 or Number 3. For instance in the
example shown, loop Number 2 can get energy from
station Number 3, but less than if it was pointed to-
wards station Number 3.

The effect is as if the size of this loop Number 2
was the dimension B instead of the dimension A. At
right angles, the dimension B becomes zero. If sta-
tion Number 1 is a local Radiocasting station of 360
meters and station Number 3 is a distant station with
a 360-meter wave length, loop Number 2 can be used
to listen in to station Number 3 without hearing sta-
tion Number 1.

Loop sets usually employ Radio frequency amplifi-

tuning condenser of .001 mfd. maximum size, is made
by supporting 100 feet of wire spaced as turns 15 inch
apart on a framework 35 feet across. The wire used
should be number 14 to 18 in size and may be insulated
if desired.

In first picking up a station, a loop has to be pointed
approximately correctly to get enough energy to
operate the set. Reference to a map showing stations
will show directions, which may be checked up.

An important point to remember is that after the
waves cut the wire of the aerial or loop, a Radio fre-
quency electric current is caused in the wire and flows
rapidly back and forth. Essentially the process of
catching waves thus comprises the step of changing
them from radiated waves to electric waves in the
input circuit.

1 I Detecting Radio Waves
Detecting Radio waves requires a de-
vice called a detector, which really is a
rectifier or means for converting alter-
nating Radio frequency current into di-

BUILDING

CEILING
OR WALL
SOCKET

N\

Figure 113
PPORT UPPO 'L'L%
SR AERIAL \  SUPPORT TT
SERIED
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LEADIN
I I p———

IMDOR AERIAL STRUNG BACK
OF PICTURE MOULDING
ALL ARODUND ROOM.

Figure 116

sometimes over long distances. Usually the receiving
set and its connections form a small condenser 2 with
the ground.

A. loop will not usually pick up more energy than
a phantom arrangement as in Figure 118, but has a
directional effect. A loop is shown in Figure 119 and
consists of a coil or inductance of larger diameter than
is usually employed in a receiving sct. It gets but
little energy compared to what an aerial can pick up,
but also gets less interference and permits selection
between stations of the same wave length provided
they are located nearly at right angles with respect
to the receiving station. Usually a loop requires one
or more stages of Radio frequency amplification to
boost the incoming energy so that it will operate a
detector. A suitable circuit is indicated in Figure 120.

A loop acts like a coil. In Figure 121 there are
diagrammed three Radiocasting stations and two dif-
fering loops. Loop Number 1 is pointed in line with
station Number 1 and is at right angles to station
Number 2. Waves from station Number 1 will set up
current in loop Number 1, but waves from station
Number 2 will not. The lines of force in the field
sent from station Number 2 thread through but do
not cut the wire in loop Number 1.

Another way of regarding this directional effect is
that the field of force from station Number 1 strikes
the front of loop Number 1 first and the back side
later, thus setting up a current in the loop, whereas
station Number 2 sends out a wave front which strikes
both sides of loop 1 together so that the opposed
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= . '|'|"'|'| gus flow. The output current from a
etector is uni-directional but not steady,
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cation but results can be had from a loop with a
vacuum tube set on local Radiocasts if suitable con-
nections are made. Usually the loop will be connected
through a series condenser to the standard type of
receiving set at its terminals marked aerial and ground.
This is shown in Figure 122.

Non-directional Loop

A loop will not act as just explained if one end is
grounded as shown by Figure 123, but this will some-
times increase the energy available for the receiving
set, by phantom action, as shown in Figure 118.

Loops do not work very well mside ot steer build-
ings, especially if the walls contam inetal lath. In
such cases, when they do get sufficient energy to work,
the directional effect is likely to be erratic. Sometimes
the loop in a steel building will work on all stations
only when located in one corner of a room, corperwise.

Except for locations within a few blocks of a Radio-
casting station, it is not feasible to use a loop to operate
a simple crystal type set satisfactorily. A single-tube
set employing regeneration will get enough energy
from a loop up to a distance of ten miles from a
Radiocasting station. The range of a loop can be
extended to reach as far as a good aerial by employing
two or three stages of Radio frequency amplification.

The larger the size of the loop the fewer the turns
used for a given wave length, but bulky sized loops are
unsightly so that most loops will be made from 18
inches to perhaps three or .four feet in diameter. .A
snitable ‘size for Radiocast reception with a .parallel

cycles which must be smoothed out into a steady
current fluctuation by means of a condenser or induc-
tance in the circuit to which it is connected.

Detectors are of various types but the kinds in most
use today are the crystal rectifier and electron tube
rectifier. A crystal detector consists of a metal wire
or mineral contacting with a crystalline mineral ma-
terial, and has the property of letting electric current
flow much easier in one direction through it than
reversely.

A detector comprises the crystal, its holder, the
wire point or “cat whisker,” and some means for ad-
justing the pressure and position of the wire on the
crystal. The sensitivity of a crystal depends on the
smallest amount of energy which it can rectify as well
as its ability to rectify all the Radio energy supplied
to it. When two crystals, such as zincite and bornite
are used, considerable pressure can be applied to make
a more stable detector. There are many mineral anc
chemical compounds which can be used.

A crystal detector requires no local energy from a
battery and operates directly on the Radio frequency
input as illustrated in Figure 124, The Radio fre-
quency current flowing in the tuned aerial circuit can
flow through the detector crystal, but, with perfect
rectification, one half cycle only passes. A condenser
is used to collect the direct flowing half cycles from
the detector output, and a direct flowing current from
this' condenser reproduces the original voice current
pulsations into the audio output or head phones,

(Continued on next page)
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The reason why the range of crystal set is limited
is that it actually operates on the amount of incoming
energy received.

Vacuum Tube Detector

The two electrode vacuum tube is little used today
and its action is much the same as in the case of a
crystal detector. In the three electrode detector tube,
aside from rectification there is an energy boosting
effect, and in general use of vacuum tubes the detector

ment rheostat and why also variable grid leaks and,
other times, a potentiometer is used, thus obtaining
operation on the most favorable detecting portion of
the characteristic curve.

Other Types and Combinations of Detectors
. The sodion tube is a rectifier in which the beneficial
ionization effect of the element sodium increases
greatly the sharpness with which the plate current
changes with a slight change of grid potential. This
makes for a more sensitive detector action independent
from regeneration.

Weights on Strings Illustrate Tuning
The same principle may be visualized by arranging
weights on strings. Figure 128 shows strings arranged
to illustrate tuning and coupling. A horizontal string
is stretched between two chair suppoorts about 12 feet
apart. Three different length strings are tied at one
end and weighted to act like pendulums. At the other
end of the horizontal string, three other strings cor-
responding in length are also hung with weights.
YVhen one string at one end is set into motion, only
the corresponding string at the other end will build
up a similar motion, while the others dangle
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action is accomplished by a boost in energy value, or
amplification.

Figure 125 shows a simple audion or vacuum tube
circuit in which the incoming Radio frequency energy
is partially rectified and partially amplified by re-
peating into the plate circuit.

There are two general types of vacuum tubes, one
highly evacuated (hard) and the other containing some
residual gas (soft). The latter are the more sensitive
because they can be operated at critical conditions in
which a tiny change on the grid means a large change
in plate current.

A hard or amplifying tube will work as a detector
if the plate voltage from the B battery is increased
sufficiently, say to 60 volts or more, as this alters the
operating characteristic. This is without grid con-
denser. Another way to operate hard tubes for detec-
tion is to establish grid currents only or in combination
with the use of higher plate voltage. The most gen-
erally used method, however, employs a grid condenser
to insure reasonably good rectifying action. The mak-
ers specify instructions for use as a detector. In the
case of hard tubes, operating as amplifiers or as de-
tectors without use of grid condenser, the grid circuit

Four element tubes are really combined amplifiers
and detectors. In any case, the true detector action
of the tube determining its sensitivity is the smallest
value of Radio current it can operate on and its
ability to rectify all of the Radio current input.

Proper Procedure for Tuning

Tuning, while at first difficult to comprehend, is a
simple principle. Two different sending stations can
each send splashes through the ether to radiate energy
to a receiving outfit. Some means is necessary to
select the one desired. This is usually accomplished
by electrical tuning. This is understandable by refer-
ence to mechanical tuning, as in a. musical instrument.

By operating the loud pedal of a piano to release
all of its strings, one can sing a note with the voice
and certain of the strings will respond with the same
tone. The other strings will not do this, as the piano
string must be in tune for the frequency picked up.

In a mandolin, eight strings are arranged in four
pairs. Each pair of wires is tuned to the same note.
If one of the wires of a pair is picked, no vibration
occurs in any of the wires except the one picked and

others. In receiving apparatus, this is fur-

ther extended by additional circuit tuning,
and it is possible to tune each individual circuit
through the receiving set.

Figure 129 illustrates how a dial setting on a single
circuit receiving set can make the detector subject only
to Radio frequency of the range tuned to. Suppose
you tune to 300 meters. That is the same thing as
tuning to Radio frequency of 1,000,000 cycles. If the
aerial 1s short and the circuit has little resistance, the
detector will now be affected only by Radio frequency
current closely approximately 1,000,000 cycles. Other
frequencies can reach the aerial but will only build up
feeble Radio currents in the tuned circuit.

If now the aerial is electrically hit by a powerful
Radio wave front, the aerial circuit can act like a
bell hit with a hammer and oscillations may be caused
by forced vibration. A local Radiocasting station may
do this or natural pulses called static can act in such
manner.

That is why secondary tuning is often resorted to.
Referring to Figure 130, dial 2 can adjust the con-
denser of the grid circuit so that the frequencies ac-

1.0 0 O

/ DIAL2 DIAL3\

ot

| —s

V

NAVAAAA

¥

i

—t + t t ¥
24
wale LendPr ~metehs
Figure 129

n SHORT AERIAL
I {VERY CLEAR, ‘E
&29 b— CONDENSER,
%)
[
o
2
& T CLEAR.
w
o
S
+ WEAK
['p] DIAL TURNING
n tranT con
% -+INAUDIBLE
2 —L-
(o} ) S
S i n

-

Figure 130

is returned to the negative side of the A battery used
to light the filaments, but when a grid condenser is
used, ‘it is necessary to have the grid return to the
positive side of this A battery. In the case of a
detector tube or soft tube, using grid condenser, the
return should be to the negative side of the A battery.

In the case shown in Figure 126 the detector tube
is simultaneously used as an amplifier by means of
feedback or regeneration. Hard tubes work fairly
well in such circuits but soft tubes are required for
best results in circuits such as shown in Figure 125,
- At best the detector action or rectification in a
vacuum tube is not as perfect usually as in the case
of a crystal rectifier. By adjusting the operation so
that it occurs at the most favorable condition, as
illustrated by Figure 127, at the bend in the character-
istic performatice curve, the best result is obtained.
That is the purpose of the vernier control on the fila-
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the other wire of the same pair. Although not touched,
the second wire will vibrate as vigorously as the first.
If the first wire is stopped with the finger, the second
wire will continue to vibrate. The second wire is in
tune with the first and coupled to it. The first string
corresponds to a sending station and the second wire
of the same pair represents a receiving station. The
other strings may be thought of as other receiving
stations tuned to different frequencies.

The first wire plucked pushes air during each swing
to and fro. The pushed air falls on the other wires
in the mandolin but the only one it reaches in correct
timing to build up motion, is the other tuned wire of
the pair. When a differently tuned wire is struck
by the wind blast, the tendency to start motion is
opposed by incorrect timing of the next successive
air blows, so there is no motion.
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cepted from the aerial circuit via the coupling coils,
will still further be restricted. If a third dial is used
to control the tuning of the plate circuit, further selec-
tion is possible.

Figure 132

Tuned Amplifier

Figure 131 illustrates a tuned Radio frequency am-
plifier. Dial 3 adjusts the plate circuit so that a par-
ticular frequency is transferred to the detector. Some-
times this is done in two or three stages of amplifica-
tion, making for fine selection. But if any one stage
is improperly adjusted for the desired frequency, a
station may not be heard.

Figure 132 illustrates a practical single control for
tuning.
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Simple Explanation of Radio Reception
“The Factors in Good Reception” — Chapter V

HERE are various kinds of interference and some
of the bothersome varieties are: static; other
Radiocasting; spark transmitters; reradiation
from neighboring oscillating sets; disturbances from
power and signal lines and other nearby transmitters.
This interference angle in Radio limits the all-time
reliable range of a receiving set. In practice the use
of a short aerial or a loop will enable the listener to
avoid interference to a satisfactory extent when a
good receiving set is used.
Static or strays affect the detector in a receiving
set by means of forced oscillations, despite tuning.
An indoor aerial receives less initial energy and a
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loop, because of its directional effect, is also less
affected by strays. Various circuits improve the sig-
nal to stray ratio in a receiver. The average listener
cannot place a loop down in a well in the earth to
get a better signal ratio against static, as shown in
Figure 133. It is only in certain localities and for
limited times during the year that static prevents
full enjoyment of Radiocasting, as the majority of
sets can operate on at least local stations regularly,
and get programs clearly.
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Nearby transmitting stations of the old spark type
(non-continuous wave), are difficult to tune out be-
cause they transmit over a band of wave lengths and
can set up forced oscillations in the receiving outfit.
Figure 134 diagrams such condition. By far the most
aggravating interference to the listener with a long
distance outfit is caused by neighbors using oscillating
receiving sets. Such sets set up interference heard
as whistling swishes.

When listening to a distant station announcer, one
can hear a swarm of tuning whistles transmitted by
oscillating sets of neighobors. If you use a regenera-
tive recetver of the autodyne type you do this every
time you couple the plate circuit close_enough to blur
the incoming program, and as partial punishment,
your own reception is susceptible to the same thing.
But if you are careful not to use too much feedback,
your set, especially if it is of the two or three-circuit
variety, is still a respectable member in the Radlo
community. Figure 135 illustrates how a Radiocast

By P. E. Edelman

frequency 1 can combine with a local frequency 2 of
a neighbor’s oscillating set, to set up beats 3. These
beats may be heard as an audio note 4, or if of certain
frequency and correct phase can even oppose the
incoming frequency 1. There is a way to prevent such
interference at the receiv-
ing end but the majority
of sets in use today are
affected by it.
Power Line Hum and
Directional Selection

former. Usually such fixed transformers are built
as indicated schematically in Figure 146, Number 40
enameled wire may be wound in a series of sections,
as shown, on an insulated bobbin which is grooved.
With an air core, there is a tendency for such a
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nearby power lines. Some- - Aé’é{i‘\’._’o_op
times a balancing wire /
can be used as shown in
Figure 136. It is only in | © O |~Recewing JET
certain localities that TUNED TO 450-METERS Figure 137

stopping and starting of
elevator motors, etc., will be heard. .

In tuning out local stations other than by tuning
or frequency selcction, the most useful means which
can sometimes be employed is illustrated in Figure 137.
A loop receiver is directional and as shown, station
1 can be heard while station 2 at similar wave length
and station 3 at different wave length are simultan-
eously Radiocasting.

Use Wave Traps

Wave traps are in the nature of a makeshift to
improve the frequency selection (tuning) of a receiver.
A simple form consists of a coil and condenser coupled
to, in series with, or connected in parallel to the re-
ceiving set. Figure 138 shows the series connection.
The wave trap is tuned to cut out undesired fre-
quency after which the set is returned to the desired
station, provided that it is at a different frequency.
Figures 139 and 140 show other connections of this
character. Often a distant station can be heard clearly
through local stations operating at different wave
lengths whereas, without the trap the set is set into
forced oscillations so that the local program drowns
the others out.

A better way is to use a tuned amplifier ahead of
the receiver as for example in Figure 141. This also
boosts the energy available for the receiver,

If you already have a set with Radio frequency am-
plification using fixed or untuned transformers a wave
trap can be inserted in series in one circuit as shown
by Figure 142,

Probably the best way to work through local sta-
tions is to use one or more stages of tuned Radio
frequency amplification. Or if you still want to hear
a distant station very close in wave length to the
local station without too many tuning control dials,
the loop is the thing when you are located suitably
for the necessary selective pointing of the coil.

The Power Voice of Radio

Amplification may be employed in a Radiocast re-
ceiver to amplify at either Radio or audio frequency
or both, but it is necessary to.avoid distortion in the
result. When amplification is employed the original
energy received need only be sufficient to operate a
grid circuit, as any desired amount of increase can be
built up therefrom.

While mechanical amplification is possible, the main
reliance in Radio outfits is on electrical amplification,
and more particularly on the use of vacuum tubes.

As illustrated in Figure 143, the initial grid voltage
on the input is adjusted to take advantage of a straight
line portion of the characteristic operating curve of the
tube. This requires that the grid be maintained nega-
tive in certain amplification circuits, though it is also
possible to operate on the positive side of the curve.
Any part of the curve can be used if the plate
current will repeat without particular rectifi-
cation.

The coupling means between the stages of
an amplifier act to a certain extent as fre-

transformer to become resonant in connection with
the self capacity of a vacuum tube, within a certain
frequency range. Sometimes a variable condenser is
shunted across one of the windings for tuning pur-
poses. The more generally used type of Radio trans-
former of the fixed variety will have a tissue-thin
laminated iron core or one made up of powdered iron.
Such a core has two effects, (1) directing the lines
of force, and (2) capacity action, such that the trans-
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former so constructed will respond over a wider range
of frequencies. The resistance in the windings also
assists in keeping the value of oscillating currents
minimized in the windings. The dimensions of such
transformers are kept small so that the magnetic field
will be limited.

As indicated in Figure 147 two variometers can be
continuously coupled so that a transformer built in

TunED PLATE CiRCUT Recewing SJev

quency traps, so that careful design is required
to avoid amplifying one range of audio fre-
quency much better than an adjacent range.
A few curves are shown in Figure 144 by way
of example. Curve 1 is for an amplifier which
is nearly uniform in amplification over the
usual audio range of frequencies, whereas curve
2 is for an amplifier which amplifies better for
certain frequencies than for others. With a ~
poor design the amplification change with

frequency may be marked as indicated by

imﬁm S
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Figure 141

example, high notes in the or-
chestra would reproduce very
faintly and out of proportion to
others.

curve number 3, so that for
-]

Radio Frequency Range

Similarly when fixed or un-
tuned Radio transformers are
used to couple amplifier tubes, there are certain
ranges in which more amplification occurs than at
other Radio frequencies. Figure 145, number 2, in-
dicates a good curve for a fixed Radio amplifier,
whereas curve number 1 shows the curve usually
obtained with one stage of fixed transformer coupling.

Any two coupled coils with very little self capacity
or ¢ondenser effect can be used as a Radio trans-
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such manner may have its freque_ncy range adjusted.
Another type in much use requires a vangble con-
denser to adjust the frequency range as in tuning
circuits.
Construction of Audio Transformers

An ordinary type of audio amplifying transformers

is shown in Figure 148. The variety shown in Figure
(Continued on next page)
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149 is surrounded by the iron core so that the magnetic
field is limited to the core. Air core audio frequency
transformers are possible but would be bulky in size
for the same result. A small dimensioned trans-

tube. The impedance coil is not in as much favor
as the transformer for coupling purposes. Figure 153
shows resistance coupling. The plate current passing
through a high resistance causes potential at the ter-
minals of the resistance and this potential is used on

in Figure 155. The vacuum tubes are used as one
stage and the potentials are balanced so that clear
amplification is obtained. A C battery is used to keep
the grids at initially favorable potential.

The amount of amplification of a stage of push-pull

AMPLINER WORKS Covpuing TRANSFORMER . /GRi0 Lear
gcsn% T:;g\' Primary SECOMDARY HiGH RID LEAK,
CURVE %Y T X - BROECONOAR;
\ /—\ ﬂ n r__é,mn VaRiomeTER *1 .
UTPLT t
CURRENT _ ~—1-VARIOMETER ' 2 ¥
\J U U Coum.mq{ 5
Y/ D - ]
—_—————
Cj‘Gﬁ.\D INPUT VOLTAGE Figure 147 Croke Co.”  IMPEDANCE CoupLina
Figure 152 Figure 153
& -4 -7 -0
Figure 143 o
Seconvary-| ENAMELED WIRE 3 £ g
’ WINDING Aupio 2 2 'E
L Curve*t MOSDIVERS INPUT < b4
8 S\LtmTS'ET%EL NVA + -— +
’ = =
g i —— L= e e
E_: /\/\Qgﬂ 1 igure ll
LR}
Aupio FrequENCIES—> WINDINGS C-BATTERY RESISTANCE COUPLING
Figure 144 H+H Figure 154
- ul Core
% Figure 149
K curve™2 INDINGS
Y
i Wire CORE
ﬂ,' /\/\QWEM\ #
%
WAVE LENGTH RANGE —» NPUT |ll g
Figure 145 ORE BENT OVER FOR CLOSED 'w = A | I'I X
. MAGNETIC CIRCUIT B BATTERY
Figure 150
Prmary SeconpaRY
180°-TURNS

Ar orTissue
THIN SILICOR
STEEL LAMINA-

AY

InsuLaToR Con. SUPPORT '

Figure 146

former using bent-over silicon steel wires for a core
is indicated in Figure 150. Transformers of this type
may be mounted close together. Figure 151 indicates
the leakage flux or lines of force from one trans-
former cutting the winding of an adjacent transformer.
This causes hum or howl in certain amplifying circuits.
Low ratio windings, as 1 to 3, are less likely to cause
distortion than high ratios, as 1 to 6 or 10.

Vacuum tube amplifiers are spoken of in terms of
stages or steps of amplification. Either a transformer,
or an impedance circuit, or a resistance circuit may
be used to couple one or more stages. The object of
coupling is to convert the plate energy from one tube
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the grid of the next stage. Resistance coupling
affords exact reproduction of the pulsations in plate
current from one stage to the next stage, but the
amplification obtained is less per stage than with
transformer coupling methods.
Uses and Benefits of C Batteries

A so-called “C” battery keeps the grid at negative
potential to secure a favorable initial operating input
condition on the grid. It also insures operation on a
favorable part of the curve with minimum consumption
of plate current. A C battery will sometimes reduce
the volume obtained but clear it up. Figure 154 shows
a C battery used in the first stage, though the same C
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into an effective grid operating input for the next
tube so that amplification will multiply through the
stages used. Figure 152 shows transformer input to
the first tube and impedance coupling to the second
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amplification is not much more than from one tube
alone, as such will operate with one tube removed, but
the reproduction is clearer. When using two stages
of amplification the same B battery can be employed
and this is true for three stages if the same battery
is not used for supplying the detector tube, but there
is an advantage in using a separate B battery on the
last stage of an amplifier, particularly if this is the
third stage. The last stage of an amplifier can be
worked with much higher B battery on the plate than
the €irst or second stages, if a suitable C battery is
employed, and such an amplifier is termed a power
amplifier, B battery voltages suitable for usual opera-
tion are, 1st stage 40 to 60 volts, 2nd
stage 60 to 90 volts. If a third stage
is used, 90 to 150 volts may be em-
ployed but a.C. battery is needed for
voltages exceeding 60 volts. High
voltages are not necessary for ordinary
loud speaker reproduction, as 60 to 90
volts suffices.

A plate current of about ten milli-
ampers can be had from the output of a
two stage amplifier using 90 volts B
battery, and is sufficient to operate the
usual type of loud speaker. For so-
called power amplification, as much as
5 watts of energy may be sent through
a loud speaker if it is built to stand this
much, but ordinary headset units will
sometimes break down when too much
input current is used. Figure 156 shows
a push-pull stage combined with an or-
dinary stage of amplification which re-
quires careful balance for operation.

The purpose of amplification is to get
enough energy to operate the desired
reproducer such as a loud speaker.

DIAPHRAGM

Reproducers of Radio
Everything that has gone before.
from the time that the original sound
is broadcast until it passes through
various carrying and amplifying me-

diums, aims to actuate a reproducer.

Figure 161
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battery might also be connected in the second stage.
For a third stage, resistance coupling may be used.
Sometimes the third stage of an audio amplifier will
be operated on the so-called “push-pull” plan shown

Common reproducers are known as
headsets or earphones, and loud speak-
ers. The finishing touch of Radio
comes at the reproducer where elec-
trical currents are converted back into
the form of sound.

Broadcast listeners include some
people who are satisfied with getting
some distant station, even if not clearly,
just to hear that a program is going
on. Others are more interested in get-
ting clear reproduction, if only from a
much nearer station from which an en-
tire program can be understood without
interruption.

An earphone or telephone receiver comprises a dia-
phragm with electromagnetic means to move it. The
diaphragm communicates this motion via the air to
(Continued on next page)
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(Continued from preceding page)
the ears of the listener. A simple arrangement is in-
dicated in Figure 157. A large number of turns of
fine wire are wound around a permanent magnet
carried in a casing. A thin iron diaphragm is clamped
against the casing so that the magnet and winding
can pull on it via magnetic lines of force. The dia-
phragm can thus be flexed each time a little changing
pulse of current is sent through the winding.

. Most earphones are bu’lt with double magnet wind-
ings as diagramnied in Figure 158. A ring-shaped per-
manent magnet has poles N and S each carrying a
bobbin winding. Two units are connected in series,
one complete unit for each ear. In connecting-in ad-
‘ditional sets of earphones, the series conmnection is
preferably used. Telephone receivers are very sensi-
tive. That is why you sometimes can hear the carrier
of a distant station without getting the voice clear, if
at all. In such case your local receiver heterodynes its
oscillations with the incoming feeble frequency re-
ceived, but the incoming frequency is not carrying

enough energy to properly actuate your detector or
rectifier.

Headsets should be connected so that the battery
or plate current aids the magnetic field of the per-
manent magnets and such makers label the terminals
for this purpose. By trial, you can determine which
connection gives best results. Some earphones and
many types of loud speakers use a mica or other
diaphragm connected by a mechanical linkage or lever
to the actuating magnetic pulling mcans, as indicated
by Figure 159.

One form of loud speaker unit employs a moving
coil and this coil is connected to move the diaphragm.
The input current is sent through this coil under the
influence of a permanent or electromagnet and oper-
ates the diaphragm as usual.

Loud Speakers Without Diaphragm

There are some types of loud speakers using cones
or other sound surfaces besides the well known dia-
phragm. Sometimes a parchment cone is used as in
Figure 161. Receiving reproducers of this character
usually employ no horn. Other kinds of speakers are
built up by using reflecting surfaces. A simple form
comprises a unit facing a bowl or sound reflecting sur-
face, per Figure 162.

Most lous speakers employ a horn. A horn has the
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much better than to others, so that the best reproducer
is one which minimizes this effect. The natural vibra-
tion of a diaphragm can be enhanced to the detriment
of reception if a tinny horn with its own natural vibra-
tion period is used.

In Figure 165 there is a diagram of the sources of
distortion and noise in a typical receiving outfit. One
or more or all of these can partially affect or spoil
clear reception.

Though your own outfit differs from the example
indicated, one or more of
the causes may possibly be
recognized in any type of
receiver,

It should be clear that
the various transformations
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effect of concentrating and focusing the sound waves
so that an apparent amplification results. A horn is
indicated in Figure 163. The mouth A is sometimes
called a bell and the length B should be carefully
curved and tapered to get good accoustical results.

It is possible to use two diaphragm inputs for a horn
as indicated in Figure 164 and this might be an ad-
vantage if one diaphragm is large and the other small,
so as to get more uniform frequency reproduction.
Any diaphragm tends to respond to certain frequencies

in form of energy employed
in Radio, starting from the
Radiocaster, and extending
to the reproducer, mean
loss. in form and value.
The value is easily made up
by supplying local energy
via amplifiers but the form
loss repeats.

Hearmg depends on the
individual. Some persons
have a range of frequencies
within audibility to which
others are deaf. Many people hear better with one
ear than with the other. The pair of ears was in-
tended for the so-called binaural or directional effect
A sound coming from your right reaches your right
ear before it comes to the left ear and you recognize
this difference in time value or phase and can thus
judge direction.

Constant prolonged use of ear phones is tiring. Do
not wear a tight headband nor keep the earphone
tightly pressed against your head for long periods.
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Simple Explanation of Radio Reception
“The Hero Circuits of Radio”—Chapter V1

RADIOCAST listener may wonder where the

Greek name circuits come from. Says one, “Old

man DeForest started it by calling the vacuum
tube ‘Audion’.” Someone decided “dyne” would sound
nice on a new variation, and, so a whole family of
“dyne” circuits is begotten. Some of the “dynes,”
“flexes,” etc., would hardly recognize their third
cousins of the tribes, so the average listener soon de-
cides that the name is less important than the “works.”
Another flock of so-called “hero” circuits are named
after the designer who happens to publish a circuit.
Some writers make sarcastic remarks about such cir-
cuits, systems, etc., as they are much press agented or
trade advertised, but this is hardly polite. They will

Tunep Prate Circuit

e

FEEDBACK

REINARTZ ICEGENERATOR

By P. E. Edelman

regeneration. Regeneration itself is a principle of
nature, i

So there is a legitimate field for attempts to improve
Radio circuits by new combinations of principles and
means. Some of the possible combinations as well
as principles in use in various popular circuits will now
be pointed out.

What One Tube Can Do

Probably many listeners have wondered why a
single tube could not perform all the functions of a
series of tubes. Why not amplify, detect, amplify, etc.,
all with one tube? There is no theoretical reason why
not, except the capacity of the tube and the difficulty
of arranging non-interfering circuits in correct phase

Tuneo Grio

Figure 169 shows another form of such a circuit.
One way to stop reradiation is to use loose coupling
between the circuits, as shown by Figure 170. A sen-
sitive capacity coupled circuit is pictured by Figure
1;%, and a variation of this type is shown by Figure
172,

One way to add a crystal detector of the fixed type
is shown n Figure 173, and other circuits utilizing the
amplifying ability of one tube are shown in Figures
174, 175, 176.

Figure 174 also illustrates a well known way to
neutralize the tube capacity between the filament and
grid of a vacuum tube. A neutralizing condenser of
small size is connected to an opposing coil so that

/HITL\NED Aare Circurr

/1

£

CRYSTAL DETECTOR. ADDED

—

Figure 164 Figure 170

ARMSTRONG-WEAGANT FEEDBACK-

Figure 173

NEUTRALIZER
-

td

o

l};—w&v
1 L R 9
Ta ED INTERNAL Tugr». CAr’scm
R &t BETWEEN GRID § PLATE
P o S
==
Fiero Cons Y
| S
QuTput N C
Dynamo E of
REGENERATOR
Figure 166 -

Smgre_Contror REGENERATOR
-RADIATES)

B ]

ULTra- Aupion (Ve Forest)

RiCE NEUTRALIZER

Fi 171 i
Tonep Puate Crmeury Figure 168A igure 17 Figure 174
E(,Aawzwq Cieocurt s
+ S - " %
Tunep PLATE Cireurt LR L | I

@R\‘\STEONQ— GOOLEY) 4 CONDENSER FEEDBACK = Tuse CAPACITY
Figure 167 Convenser, ReqENERATOR Austin- ResorpER HAZELTINE—JONES  NEUTRALIZER

Figure 169 Figure 172 Figure 175

tell you for example that the popular Reinartz circuit relation. Aside from the cost of the tubes and the the tendency of the tube to self oscillate is stopped.

is nothing but a regenerative hook-up, but overlook
the fact that numbers of users regard it as an im-
provement. The much discussed Armstrong circuit
could in the same manner be called, “just another
audion circuit.”

Regeneration as an electrical principle is very old,
dating back to the days of Joseph Henry. The usual
dynamo employs regeneration in building up a mag-
netic field when the armature sends a weak current
through the field to react on the armature, etc, etc,
over and over again until the field attains full strength.
The howling or singing microphone formed by putting
a receiver against a telephone transmitter comprises

upkeep, boiling down of the number of tubes is no
special advantage, unless simplicity results.

Figure 166 indicates a typical regenerative receiver
with an equivalent dynamo circuit. Feed back can be
inductive or capacitative coupling. Such a receiving
circuit can be made to radiate energy.

Figure 167 shows a popular type of tuned circuit.
Another popular type is indicated in Figure 168, em-
ploying an untuned aerial circuit. Probably the cir-
cuits of this general kind in use today are a large
portion of all the sets in the United States. The form
shown in Figure 168A reradiates, as is typical of all
such circuits.

The neutralizing circuit can be in the plate circuit
as indicated by Figure 175. Figure 176 indicates how
tuned feedback can be employed after the tube capac-
ity has been neutralized. The output of such circuits
can go to additional stages when desired.

In Figure 177 the Radio output is rectified by a
detector and put into the grid circuit as an audio cur-
rent. Another reflex circuit is shown by Figure 178.
Such circuits can be made to give nearly the equivalent
of one stage Radio plus one stage audio amplification
added to a detector.

(Continued on next page)
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(Continued from preceding page)

Link circuits are not much used in Radiocast recep-
tion but the principle is shown in Figure 179. This
will lessen tendency of oscillating receivers to reradi-
ate energy and also affords desirable selectivity.

Super One-Tube Circuits
Another class of circuits aims to increase the
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Many circuits pointed out as single tube arrange-
ments can have Radio amplification added ahead or
audio amplification afterwards to make the usual forms
of multi-tube machines.

Stabilizing Radio Frequency Circuits
Radio frequency amplifying circuits require some

sliows a very stable form of circuit, automatic in
operation.

Figure 191 shows a reversed feedback which may be
adjusted to overcome oscillation in the Radio amplifier
and permit use of a tuned plate circuit output.

Figure 192 shows another form of stabilization in
which non-tuned input coils, number 1, and number 2,

are coupled to tuned circuits number

3 and 4. By using very few turns of
wire on the input coils the tendency
for self oscillation is avoided.

o

Figure 179

Reflex circuits are of various forms;
a simple type is shown in Figure 193.
The audio output from the rectifier
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amount of regeneration which can be used on one tube.
Familiar examples are indicated by Figures 180 and
181. In such circuits, a self oscillating circuit is set up
in the tube to modify the grid potential to permit using
regeneration beyond the point which otherwise would
not be feasible. Such circuits are effective when
carefully adjusted. The principle of operation is dia-
grammed by Figure 182. An initial grid potential
variation is maintained so that the amount of regenera-
tion may be increased.

SUPER - REGENERATION

ZAupio InPuT FeEDBACK.

Figure 182 Figure 186
means of stabilizing. Several ways in which this is
done in modern circuits will now _be shown. Some
forms require an adjustment. Thus in Figure 184, grid
current is initially passed between the grid and fila-
ment for stabilizing purposes. This is accomplished by
means of a potentiometer. Sometimes a small con-
denser C is used to by-pass the resistance of the
potentiometer to Radio current. Figure 185 shows
series resistance in one of the circuits to limit the cur-
rent and prevent oscillations buildizg up.
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Figure 190

One tube can do any of the following and
so combinations are possible. A diagram of
possibilities is indicated by Figure 183.

1. Amplification, Radio.

2. Amplification, aud:o.

3. Self oscillation.

4. Heterodyning.

5. Detecting.

6. Reflexing, Radio or regeneration.
7. Rcflexing, andio.

8. Reflexing of heterodyned frequency
output.

9. Phase adjusting.
10. Super-regeneration.

To utilize more than one principle, the proper initial
operating conditions, grid potential, and plate voltage
must be employed. In general, to get loud volume
from one tube, the initial plate voltage must be raised
so that five to ten milliamperes plate current can flow.
This will permit loud speaker output but limits what
clse can be done at the same time. €omplex circuits
become difficult to handle.

The aim of the designers for listening apparatus is
to-please the Radiocast listener. The general aims are
to simplify operation, economize initial cost and up-
keep, extend the range of reception, increase selectiv-
itv, mitigate interference, reduce distortion, and im-
prove appearance,

RerLex (LaTour Re-Design)

or detector is fed back as input to the am-
plifying tube which also has a Radio frequency input
and output circuit. Combinations are possible in
which two stages of amplification at both audio and
Radio frequency are practicable with economy of
tubes. Such c.rcuits will cause difficulties if not
properly matched up to secure correct phase or time
valne of the input and output energies.

Figure 194 illustrates the general plan of both input
and output with the Radio frequencies separated.
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