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PREFACE

® .In compiling this volume, we have endeavored to include information on
evéry subject tHat will interest the Beginner in short waves. By following the
instructions given for building and operating short-wave receivers, the reader is
assured of complete success—for the authors are all expert in the short-wave field

and some are world famous.

We have carefully sought to keep the information as simple as possible,

without leaving out essential data.

For this reason; some of the articles are ex-

tremely simple in their scope, while others are more complicated. It is recom-

mended that the beginner read over all of the material and then review the more
complicated subjects as a knowledge of the subject is attained.
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SHORT WAVE BEGINNER’S

THE SHORT-WAVE

@ EVERY year a new crop of short-
wave enthusiasts embark upon
the exciting adventure of listening
to the entire world by means of
the short waves. Conservative es-
timates, collected from various
sources during the past few years,
show conclusively that between 30,-
000 and 40,000 new members join the
short-wave fraternity annually, and
it is a proven fact that most of
them start in the fall months, when
the nights become longer and the
weather cooler. That is the time
when the home experimenter be-
comes interested and when his en-
thusiasm is at the highest pitch.

Every Broadcast Listener a
Short-Wave Prospect

‘When the broadcast craze first
hit the public, between 1922 and
1923, millions developed the itch
for “‘distance” and believe it or
not, there are still several hundred
thousand broadcast listeners in this
country alone who nightly sit up
with their sets and fish for distant
stations. Sooner or later a good
percentage of these will take to the
short waves and many will build
their own receivers.

I have no fault to find with those
short-wave beginners whc start out
with a manufactured set which they
bought complete, ready to operate.
There are, of course, ary number
of excellent sets of this Jdescription
on the market, and they are be-
coming increasingly popular with
the public. These enthusiasts can-
not of course be termed beginners,
in the strictest sense of the word;
neither can they be called experi-
menters, although they experience
exactly the same thrills as that
large body of short-wave experi-
menters who ‘‘make their own.”

Home-Made Short-Wave
Sets Cost Little

Not everyone can afford to buy a
manufactured set these days, and
we find therefore a high percen-
tage of radio-mechanically inclined
people who wish to have the inde-
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scribable thrill of building a set
themselves, thereby gaining an in-
sight into the mysterious workings
which they might not otherwise
get. In due time they will, of
course, buy factory-made sets, but
the present discussion concerns
those who wish to start from
scratch and work their way up by
easy stages.

At present-day prices anyone
with a lean pocketbook can afford
to buy the few parts with which a
one- or two-tube short-wave set
can be built. A one-tube set can
be assembled for as little as $5.00,
including batteries and phones,
while a good two-tube set can be
built at a cost of $8.00 and up. If
you have spare radio parts lying
about, the cost will be even less.

‘While a good two-tube set will,
under fair circumstances, pull in
stations from all over the world, it
is well for the beginner to realize
that there are certain requirements
which must be met in the opera-
tion of short-wave sets in general.

In the first place, a set that may
work good in your friend’s house
may hot perform nearly as well
when transported to your own. The
reason for this is bad ‘location.”
Conditions in the open country or
in the suburbs are generally better
than in crowded cities, although
there are notable exceptions to this
rule. Ground and aerial conditions
have a lot to do with good recep-
tion when it comes to receiving
overseas stations. As a rule, the
man in an apartment house should
have a much longer aerial than his
country cousin; so if your set does
not ‘perk” immediately, try and
change the aerial, Sometimes
changing the aerial in either di-
rection, that is, from east-west to
north-south, will also make a sur-
prising difference.

Nullifying the Effect of
Man-Made Static

Of course, the apartment house
experimenter—and this holds true
of those living in the suburbs also
—is bedeviled by a good deal of
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local ‘“‘man-made’’ static. This can
be better gotten around by using a
“‘transposition” type lead-in from
the aerial binding post of the set
to the aerial flat-top, leaving only
the horizontal aerial exposed to the
radio waves. The flat-top should
be at least 20 to 30 feet above
roofs, trees, etc.

‘The Greatest Asset of the
Beginner—Patience

You have to get used to the idio-
syncracies of your set. Every short-
wave receiver has its own little
“‘bugs” to which you must become
accustomed, and you must know
them to get the best results. It is
unusual to pull in every country on
the globe the first night after you
have finished your receiver, It
would take you some time, even if
your set is operating at its best.
In the first place, the station you
may be fishing for may be off the
air. Second, you may not have the
right time, because it takes you a
while to figure out and translate
foreign time into your own, due to
time differences.

The beginner must become ac-
quainted with the different faint
whistles in the earphones, because
some of the faintest whistle-like
sounds can be built up into good
signals, if you learn how to do it!
The broadcast listener, of course,
is the greatest sinner when it
comes to tuning a short-wave set.
It takes him some time before he
understands that moving the con-
denser a thousandth of an inch
will tune in or tune out a station.
In short-wave tuning, your hand
must become accustomed to exceed-
ingly fine and careful motions.

Of course, you will not expect
to obtain the same results from a
Junk set that can be gotten from
one that is carefully built, with all
connections carefully soldered and
with the insulation of the entire
set of the best. Always remember
that the energy which comes in
over your aerial is less than the
millionth part of a fly-power, and
you cannot afford to waste much
of this power due to insulation
losses.
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GETTING STARTED
IN SHORT WAVES

By C. W. PALMER

@® THE man who is interested in

building short-wave receivers and
listening to the local and distant
broadcasts has been at a distinct
disadvantage up to the present, as
there has been no direct source of
information to instruct him on how
to get started. Even for the fan
who is fairly well versed in radio
from the usual broadcast angle, it
is still a difficult task to become
familiar with the peculiarities of
the short waves.

It is the purpose of this book to
help this class of radio enthusiasts.
For the benefit of those who have
a very limited knowledge of radio,
we will assume that the reader is
entirely unfamiliar with the subject.
Therefore, we beg those more for-
tunate readers with some past ex-
perience to be patient if we spend
undue time in explaining every
technical word and expression.

To understand how radio signals
are received, it is necessary to
have a knowledge of electricity—
the basis of radio. Suppose, then,
we start by considering the subject
from the very beginning.

Electrons

Matter is any substance having
weight and volume. The air we
breathe, the water we drink and
the earth on which we live are all
forms of matter. Matter of all
kinds is composed of tiny specks
which have been called atoms.
These atoms, in turn, are made up
of a number of still smaller parti-
cles of two kinds, and in order to
start out with the right foot, we
will give these particles their cor-
rect names—electrons and protons.
The electrons are tiny charges of
negative electricity, and the pro-
tons are charges of positive elec-
tricity. Do not make the mistake
made by some people when thinking
about electrons and protons. They
do not carry the electricity; they
are the electric charges. If a nega-
tive charge of electricity were di-
vided into many small charges,
eventually a minute charge would
be reached that could no longer be
divided. This final division would
be an electron. So much for the
electron and proton.

Normally, each atom contains a
definite number of electrons and
protons, in such a combination that
the charges just equal each other.
The atom is then said to be un-
charged or neutral. Figures 1 and
2 show examples or normal atoms.
However, if a force is applied to
the atom, some of the electrons will
be pulled away from it and it will
have an excess of positive electri-

city compared to the remaining
negative charges. Conversely, if a
force is applied in the opposite
manner, too many electrons are
present in the atom and it is said
to have a negative charge.

We can perform an interesting
experiment at this time, to illus-
trate the effect of charging a body.
For this experiment we need a
rod of hard rubber (some fountain
pens are made of this material),
a glass rod, a piece of silk cloth
and a small piece of pith from a
corn cob. We suspend the pith on
a silk thread, as shown in Fig. 3.
Then we rub the glass rod vigor-
ously with the silk cloth and bring
it near the pith ball. It will be
found that the pith ball will follow
the glass rod—it is attracted by it.
Then we allow the rod to touch the
pith ball and notice that it now re-
pels it. Now rub the rubber rod
and bring it near the pith ball—it
attracts it.

The glass rod receives a positive
charge when rubbed and the rub-
ber rod receives a negative charge.
This is the reason why we notice
the difference in their actions on
the pith ball. From this experi-
ment, we learn that two like char-
ges repel (the pith ball and the
glass rod were both positive when
they were allowed to touch) and
unlike charges attract (the posi-
tively charged pith ball was at-
tracted by the negative rubber rod).

Conductors and Non-conductors

Some materials, such as gold,
copper, silver, brass, aluminum,
etc., present very little opposition
to the passage of electric currents.
Others, such as cotton, silk, rub-
ber, wood, mica, etc., will not readily
pass a current. The first class of
substances is called conductors. The
atoms of most metals apparently
do not have a very strong hold on
the electrons which make up their
negative charge. An external force
can easily remove some electrons
or add some to the normal number.
The second class of substances
mentioned is known as non-conduc-
tors. They have a strong hold on
the electrons and will not readily
change from their neutral state.

Potential

We have learned that like charges
repel each other and unlike charges
have an attraction for each other.
If we translate this into terms of
electrons, it will read: electrons re-
pel each other but attract protons,
and similarly, protons repel each
other but attract electrons. Ap-
parently the feeling of the pro-
tons and electrons is mutual.
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If we charge a body with nega-
tive electricity (add electrons) a
stress or strained condition is set
up in that body by the electrons
repelling each other. Some of these
“free’’ electrons move tc the sur-
face of the body to get away from
the others. The more electrons we
put into the body, the greater be-
comes the force of the electrons
trying to escape. This force which
tends to return a body to neutral
is called a ‘potential.”” The same
effect is noticed in a body from
which electrons are removed.

To illustrate the effect described,
suppose we refer to Fig. 4. The
two balls shown are charged, one
negatively and the other positively.
If we touch these balls together,
the excess electrons in the nega-
tive one will rush to the positive
one. It follows directly from this
that a current will flow, as we al-
ready explained that elextrons are
electric charges. Several other ex-
amples of current flow are shown in
Fig. 5. At A, the left copper ball
has a higher negative charge than

FIG.9 SIMPLE MAGNETIC
INCGUCTION

GALVANOMETER
OR MILLIAMMETER

MAGNET

Magnetic induction is demonstrated
by plunging the steel magnet into
the coil.
the right one, causing a current to
flow from left to right. At B, the
left copper ball has a higher posi-
tive charge than the right one and
a current will flow right to left—the
right ball has more electrons than

the left one.

It will be noticed that the elec-
trons move from negative to posi-
tive and since we know that elec-
trons are electricity, it follows
that the current is also from nega-
tive to positive. A number of years
ago, before we knew as much about
electriity as we do now, physicists
experimenting with it decided that
the current flowed from positive to
negative and this illusion has been
passed down to the present time
and is still commonly used. We
must keep this discrepancy in mind
as it is important in understanding
the operation of vacuum tubes and
other electric devices.

The difference in potential, as
that shown in Figs. 4 and 5, is
measured in volts. Because a dif-
ference in potential always causes
a current to flow, we sometimes
call it an electro-motive force (E.
M.F.) Current strength, that s,
the number of electrons passing
through an electric conductor per
second, is measured in amperes.

Resistance

‘We have found that the current
flowing through an electric circuit
is dependent on the potential. We
also learned that some materials
will carry a current (lose and
gain electrons) more easily than
others. The opposition that a con-
ductor offers to the passage of a
current is known as resistance. The
resistance depends on the kind of
material, the length of the conduc-
tor and the cross-sectional area.
To be exact, the resistance in-
creases directly as the length of
the conductor. A standard unit of
resistance has been set up and is
called the ohm, in honor of the
noted German physicist, George
Simon Chm.

If we analyze the above informa-
tion, we learn that the current de-
pends on the volts and also on the
resistance. In 1827, George Simon
Ohm put this relationship into
terms of arithmetic and it is known
as Ohm’s Law. There are three
forms of Ohm’s Law. The first
tells us that the current in a cir-
cuit is equal to the potential (volts)
divided by the resistance (ohms).
The second tells us that the re-
sistance in a circuit is equal to the
potential (volts) divided by the
current (amperes), and the third
tells us that the volts equal the
amperes times the ohms. We will
learn the application of these three
formulas as we progress further in-
to the subject of short-wave radijo.
Production of an Electric Current

In the foregoing discussion, we
have referred to a force (E.M.F)
that would cause electrons to be
separated from atoms and move
through a conductor to other atoms.
This E.M.F. can be maintained by
means of a battery or a generator.
The former consists of plates of
certain materials immersed in cer-
tain solutions that cause a chemi-
cal action, resulting in the produc-
tion of free electrons at one of the
plates. We will not go into the de-
tails of these chemical actions at
this time. The interested radio fan
can find this information in books
on electricity or batteries., Several

FIG. 10 ELECTRO~MAGNETIC
INDUCTION

GALVANOMETER

To demonstrate the basic laws of
induction.

common types of batteries are
shown in Fig. 6.

The other common source of E.
M.F. is a generator which depends
on the effect of induction and mag-
netism., We already encountered
the effects of induction when we
noted that the pith ball was at-
tracted by the glass rod, even
though it was not touching it in
any way. Inductive actions are
very important in radio, in tuning
coils, transformers, etc.

Magnetism

When a current flows through a
conductor, two principal effects can
be noticed. The first is that heat
is produced. The current encoun-
ters a certain opposition (resist-
ance) ih tne conductor and part of
the electric energy is used up in
overcoming this “frictional” re-
sistance. The energy used up in
this manner makes itself evident
in the form of heat.

The second effect is known as
magnetism and we can best illus-
trate this by considering Fig. T.
This illustration shows a coil of
wire wound around a bar of soft
iron. A current from a battery is
flowing through the coil. While
the current is flowing, the iron bar
will be found to have the power of

{Continued on Page 17)

DRY CELL

/ BATTERY

STORAGE
BATTERY -

FiG. 6 TYPES OF BATTERIES.

BATTERY

FIG. 8
F16.7 ELECTRO-MAGNET. | DEMONSTRATING POLES OF A MAGNET.

MAGNET

FILINGS

BOX OF IRON FILINGS

Three. types of batteries; an electromagnetic circuit; and the poles of a
permanent bar magnet.
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SCHEMATIC SYMBOLS -RADIO’S SHORTHAND

The Symbols

@ AERIAL: This symbol represents

the ordinary type of outdoor aerial
used with most receivers, although
it may also be employed to re-
present indoor or underground
aerials and those with special
characteristics such as noise reduc-
tion, etc. The loop or coil aerial
is shown directly below the ex-
tended type. This symbol is used
to represent both the flat spiral and
the square (box) types ordinarily
used.

Ground: The standard symbol for
a ground connection or ‘‘earth,” as
it is sometimes called, is shown
below the aerials. This symbol in-
dicates connections made to the
grounded chassis of a receiver as
well as the actval connection to
the water pipe or other form of
ground. The counterpoise symbol
appears next. A counterpoise is a
group of wires suspended below
the aerial a few feet above the
ground and insulated from it. It
is commonly used for transmitters
and in a few cases for receivers,
especially where the soil is dry or
sandy so that it is difficult to ob-
tain a good *‘ground.”

Condensers: Several symbols for
condensers of different types are
shown. The first represents fixed
capacities and pictures of both the
mica and the paper insulated va-
rieties are given. The symbol for
both is the same. Next is the
variable air-insulated condenser of
the ordinary rotary type. This is
usually represented by two parallel
lines with an arrow running diagon-
ally through, but in some cases, the
moving or rotating plates are in-
dicated by a curved arrow instead
of the flat parallel lines. Below the
variable condenser is the ‘‘ganged’”’
condenser, which is simply a num-
ber of variable air condensers con-
nected on a single shaft for tuning
more than one circuit with a single
dial, The last condenser symbol is
the ‘condenser block’ or group of
capacities in a single metal case,
which are used primarily for the
filter circuits of A.C. power units.

Inductors: The standard symbol
for coils of any type is shown first.
In this form, the coil is understood
to have an air core (no iron or

other metal) and may be either a-

radio frequency tuning coil or an
R.F. choke, as the picture shows.
When the two air-core coils are
placed together, they are coupled
and the wunit becomes an R.F.
coupling coil or transformer, com-
monly used for.coupling the aerial
to the first tube in a set or one
R.F. tube to another.

The next in order is the continu-
ously variable inductance or, as it
is generally termed, the ’‘variome-
ter.”” This consists of two R.F.
coils couped closely together and
arranged so that their inductances
may either aid each other or work

A Simple Explanation of What
the Symbols Are and How
They Are Used.

in opposition. Below the variometer
is a tapped coil. Sometimes it is
desirable to change the size of a
coil. This is accomplished by bring-
ing leads out from the winding at
the desired points; the coil is then
said to be ‘‘tapped.”

Following the tapped coil are sev-
eral symbols indicating coils with
iron cores. The presence of {he
iron is indicated by the thtee par-
allel lines placed either through the
spiral (the coil) or adjacent to it.
The first is a single iron core coil-—
commonly known as an A.F. (audio
or low frequency) choke coil. We
run across this coil in A.F. ampli-
fiers and power units. When two
coils are coupled together with an
iron core, we have a transformer—
either an A.F. coupling transformer
or one used for power supply pur-
poses. A special type of AF. trans-
former is shown at the top of the
second column; it is the push-pull
transformer with a tap at the cen-
ter of one of the windings, so that
two tubes may be connected op-
posite each other.

Resistors: A number of special
types of resistors are pictured next.
The first is an ordinary fixed re-
sistor of any value; below this is a
variable resistor with an arm to
make contact at any point on the
resistance wire. A special type of
variable resistor is the potentiome-

ter or ‘‘voltage divider,”” shown
next.
Circuit Connections: Wires that

cross but are not connected are
shown schematically by making a
semi-circular bend in one. Wires
that cross and are connected to-
gether are shown with a black

circular intersection — a distinct
round dot.
Crystals: Two types of crystals

are used in radio equipment. First
is the crystal rectifier or detector,
which is still found in some re-
ceivers, although its use has di-
minished in recent years. This is
shown first. Next is shown the
piezo-etectric crystal, which con-
sists of a specially cut piece of
quartz or other special crystal. It
is used to, keep, transmitters in
tune and has been ,L used in one
special type of ,receiver to make
tuning extremely sharp.

Switches: Numerous types of
switches have been used in radio
receivers; some of the most com-
mon are illustrated. The_ first is
the toggle switch; second; is the
sefector switch; and the third is
the knife switch, which may have
any number of blades and may
have contacts on either one or both
sides.

Fuse: Two types of fuses are
shown: the screw type such as

those used in your house fuse box
and the cartridge type. They are
both shown by the same symbol.

Batteries: The symbol for a bat-
tery consists of alternate long and
short lines., The long ones indicate
the positive pole and the short ones
the negative. Three types of bat-
teries used in radio receivers are
shown—the storage battery, the dry
cell and the *“B’ battery.

Phonograph pickup: The popu-
larity of radio ampliflers for pho-
nograph amplification has created
a demand for a symbol covering the
magnetic pickup employed for coup-
ling the phonograph to the radio.

Loudspeakers: Both magnetic and
dynamic speakers are pictured. The
magnetic speaker is shown with its
permanent magnet and the field-
coil or electromagnet of the dyna-
mic speaker is indicated beside the
‘““voice coil.”” The difference be-
tween the two is obvious from the
symbols.

Microphones: or telephone trans-
mitter which usually takes the
form shown in the chart for radio
broadcasting and transmitting is
shown by a form that resembles
the ordinary telephone transmitter
and is frequently labeled ‘‘mike.”

Jacks: Three types of phone
jacks are depicted. The first is the
‘‘single circuit type’’ which merely
provides connections for the head-
phones. The second type. is the
‘“‘double circuit jack’’ which discon-
nects the last tube from the circuit
when the phones are used in the
detector or first stage. (This meth-
od of connection was very popular
a few years ago.) The last type is
the filament-control type that
turns off the filament of the power
tubes whefn the phones are in-
serted in a previous stage.

Headphones: The phone symbol
is simply a copy of the actual
phones and needs no explanation.

Voitage Regulator Tube: In some
A.C. receivers a special tube is pro-
vided to prevent changes in the
voltage of the supply line from af-
fecting the reception or endanger-
ing the apparatus. This tube con-
tains a special type of filament.

Terminals: In the next two sec-
tions are shown several devices
used to provide connections to parts
of the receiver. The first is the
“binding post” or terminal which
accommodates the end of a wire
and connects it to parts of the set.
Next we have the phone tip jack
that grips a phone tip and connects
it to the output of the set. The
third connector is the common pow-
er-plug and receptacle found in
house wiring.

Meter: This is the symbol used
to indicate the ‘use of a meter
such as a voltmeter, ammeter, mil-
liammeter, etc. The letter indi-
cates the type of the meter.—*“A"
stands for ammeter, “M” for mil-
liammeter, *“V” for voltmeter, etc.

i
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Chart of Radm Symbols
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s SHORT WAVE BEGINNER’S’ BOOK T

A FEW FACTS ABOUT

SHORT-WAVE COILS

By A. BENNEWEG, JR.

A number of different forms of short wave coils.

@® RADIO experimenters who build

their own short-wave receivers,
particularly those experimenters
who are new to the game, are at a
loss to know exactly how to make
short-wave coils having the lowest
possible losses. A large number of
the short-wave receivers in use
contain a relatively small number
of tubes, so that there is consider-
able advantage in using low-loss
coils, The amplification-per-tube is
also relatively small at short waves,
so it becomes apparent that coils
giving greater amplification from
existing sets are desirable.

Short-wave coil design is quite a
study in itsef, Much valuable in-
formation can, of course, be gath-
ered by ‘“try it again’” methods;
but, as in any line, the experi-
ments must be directed by a cer-
tain knowledge of theory. The-
oretical studies are very valuable
to any experimenter, since theoret-
ical knowledge serves to guide one,
saving considerable time, and aid-
ing in an interpretation of the re-
sults discovered. This article deals
with some of the simple theories
underlying short-wave coil design.
Common methods used to construct
short-wave coils will also be con-
sidered in detail.

Short-wave coils are ‘good” or
‘“bad,”” depending upon the losses
within them. In some uses for
coils, the losses within them are
not of importance, since the loss
factor does not enter. However,
the most important use for -coils,
to the short-wave fan at least, is
in tuned circuits. In such circuits,
especially where high amplification
is essential, the losses within the
windings of the coils, and the
forms upon which they are wound,
are of considerable importance. In
any tuned circuit, the loss in the
variable condenser is usually rela-
tively unimportant but the Iosses
in the coil are large in comparison.
One worries about the losses in

short-wave coils because the ampli-
fication usually depends upon the
coils. When good coils are used,
the amplification is high. If a set
is insensitive, such ag one discovers
at frequencies in the neighborhood
of five meters, the chances are that
the coils are bad! A Ilittle simple
theory will show why such losses
exist.

One loss in short-wave coils, per-
haps the most familiar one, is that
due to so-called ‘“‘skin effect.” Ra-
dio frequency currents tend to flow
on the surface of a wire. The ef-
fective cross-section of the wire is
reduced, and the resistance of the
wire therefore increases. The cur-
rent flows on the surface of the
wire because the inductance is less
at the wire surface and therefore
the reactance (engineer's term for
“resistance to flow of alternating
current'’; it is like ordinary ‘re-
sistance” in direct current circuits)
is less, the current preferring the
path of least resistance. Of course,
the action in a coil is considerably
more complicated than the action
within a simple straight wire. Nev-
ertheless, the effect is similar, giv-
ing an increase in resistance as the
frequency is increased. That is
one source of loss in short-wave

Another source of loss is that
due to eddy currents. Eddy cur-
rents are currents which flow in
every direction in general and no
direction in particular, being due
simply to the nature of the peculiar

electrical ‘‘breeze’’ associated with
coils in which a high-frequency
current is flowing. Any electrical
current consists of a stream of

billions upon billions of electrons.
Each electron has associated with
it an electro-static field which acts
across space, These fields are cap-
able of exerting forces on neighbor-
ing electrons, causing them to move
in the direction of the strongest
field. Since these fields perform
the weirdest acrobatics under the
influence of the high-frequency al-
ternations, it is clear that all sorts
of electrical breezes proceed in dif-
ferent directions inside and around
short-wave coils. It is as if each
electron was supplied with a tiny
electric fan; obviously, with the
electrons proceeding in various di-
rections, the electrical breezes with-
in short-wave coils are something
complicated! It is no wonder that
a great number of electrons are
blown in the wrong direction!

It must be remembered that any
flow of electrons constitutes an
electric current. $So, if some elec-
trons are caused to move in the
‘“wrong’ direction, interference is
caused with the ‘“main’ current
flow and an effective resistance is
created. If all the electrons within
a coil behaved absolutely alike, a
much greater effective current
would result, which is an apparent
reduction in the resistance of the
coil itself.

In Fig. 1, a greatly enlarged por-
tion of a section of a radio coil is
shown. This illustration shows, by
arrows, that electrons flowing in
adjacent wires exert forces on each
other, causing complicated electri-
cal phenomena. No extraordinary

coils. results would be obtained if the
ELEC LINES OF FORCE .
oo LOWLOSS SPACE WOUND
o~ : FlG.2 coiL
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The action about the turns of short-wave coils and at the right, an
effective design for short-wave plug-in coils.
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flow of electrons in all turns of a
coil was constant; however, diffi-
culties arise because high-frequen-
cy currents constantly reverse their
direction, speeding up and slowing
down, or accelerating and decelerat-
ing. Such changing currants cause
induced currents in adjacent wires
which tend to flow oppositely. In
Fig. 1, only two wires are shown;
in an actual coil, one can imagine
how complicated these electron
fields become! Eddy currants, then,
are random currents which may
aid the main current flow, but gen-
erally hinder it, causing an appar-
ent increase in resistance within
the wire constituting the coil's
winding.

Another important source of loss
at high radio frequencies is dielec-
tric loss. The form1 upom which a
coil is wound has an effect on the'
coil’s losses because the electric
lines of force find it easier to pro-
ceed through a solid dielectric than
they do through air. Because of the
higher dielectric constant of solid
dielectrics, the capacity between the

turns of a coil is increased. 'This
effect would not be particularly
troublesome if the dielectric used

as a winding form were perfect;
and at short waves, howazaver, solid
dielectrics are far from perfect.
The effect of an imperfect die-
lectric is to cause a heat loss. The
dielectric is subjected to strains at

a radio-frequency rate, since the
current direction is constantly
changing; at one instant the die~

lectric is strained in one direction
(see Fig. 2), and, after a lapse of
time (dependent upon the frequen-
cy), the strain is reversed. ‘This
effect causes a loss within the form
itself. Dielectric loss can be over-
come by winding the turns of a
coil further apart (so that the field-
strength in the dielectric is re-
duced), winding the coil on a thin-
ner material, or selecting a special
dielectric which has low losses at
high frequencies. The ‘‘perfect”
coil would be air supported, that
is, ‘“wound on air’; obviously this
is impossible. However, space-
wound, coils are popular for short-
wave work because of their low
losses.

From the foregoing it is appar-
ent that the wire in a coil must be
of a certain size; if it is too large,
the eddy current loss will be in-
creased; if it is too small, the re-
sistance will increase. For every
coil diameter there is a best size,
and the larger the diameter, the
larger one may make the wire size
for the same amount of loss.

For all-around short-wave use,
two inches is a good diameter to
use. Coils should be space wound
for lowest losses.

For two-inch coils, No. 20 wire is
a good size; the coils when wound
are also quite sturdy.

Needless to say, it takes consid-
erable work to test all kinds of
short-wave coils, especially when

they are wound by hand. Several
kinds of coils are shown in the pho-
tograph herewith. It will save the
constructor considerable time if he
will construct coils like the one
shown at the extreme right in the
picture. This is a space-wound
solenoidal coil made of No. 20 wire.
It is wound on a thin -celluloid
frame, two inches in diameter. This
type of winding is popular for
short-wave use, as it consists of
the usual primary, secondary and
tickler windings. Other interesting
kinds of coils.(not so effective for
short-wave, however) are also
shown in the photo. Note the large
basket-weave coils; these were
quite popular for short-wave use
several years ago.

The construction of the space-
wound coils is not difficult. A col-
lapsible form is constructed of a
wooden cylinder about two inches
in diameter. The celluloid sheet is
wound on the form, cemented into
a cylinder and the wire is wound
on and spaced. The wire is then
given a thin coating of a low-loss
cement such as collodion. This

holds the wire securely in place.
The form can then be removed and
the coil remains self-supporting.
Those wishing to construct such
coils can purchase coil kits, Others
may desire to construct their own
winding forms.

If one must use the above coils
for plug-in, a simple mounting ar-
rangement is shown in Fig. 3. Two
strips of bakelite, arranged as a
clamp, are mounted on a tube base.
This base may be either a 4- or
5-prong. For only primary and
secondary coils, the 4-prong base
will serve, while a 5-prong base is
needed for primary, secondary and
tickler connections.

Using a .0001-mf. condenser, the
specifiations of two-inch diamefer
coils of No. 20 wire (with a space
between turns equal to the wire

diameter, except the largest coils)
are as follows:
Wavelength
Primary Secondary Tickler Range
5 3 4 16-26
5 6 5 23-39
ki 13 5 37-80
9 5 76-160

NOVEL S§-W COIL IDEAS

@ HERE is a free hand drawing of

a method I am using for fasten-
ing the ends of large wire on my
short-wave coils. Fully realizing that
it is a hard matfer to wind coils
with large wire'and secure the ends
in such a manner as to have the
turns drawn tight, I set about to
find a way that would be easy, and
this sketch illustrates the result.

Taking two pieces of No. 16 wire,
I bent a ring on one end of each
wire (scraping the ends and prim-
ing with solder before bending the
ends into a circle) large enough
for No. 12 wire to pass through.
Then I measured the wire from
the hole in the coil form to the
tube prong, allowing about one inch
to stick through. I cut off, cleaned
and primed this end with solder.
The wire was then drawn through
the hole in the coil form and passed
through the hole in the tube prong,
drawn tight and soldered fast.
After allowing enough space on the
coil form for the required number

r.;

L

of turns on the coil, I then bored
another hole for the second wire
and the same procedure was fol-
lowed, placing this wire like the
first one. Chas. Q. Free.

Simplest Low-Loss Coil Form
@ PROBABLY one of the simplest

and best low-loss coil forms is
shown in the accompanying illus-
trations. This particular design was
suggested in a recent British pat-
ent and appeared in Experimental
Wireless in London. The coil is
wound in sections in the slots
formed, the tube or cylinder being
made of varnished impregnated
paper, or it may be of flber, bake-
lite, micarta, etc. The uncut por-
tions, B, serve to support the coil
sections, while each unit is per-
manantly held in place by the slot
walls.

—\
8
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An effective method for anchoring
heavy wire on coil forms.

A clever way in which to make a
“low-loss’ short-wave coil form.
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THE BEGIN

@ SOME of our readers may notice

that the circuit of the set shown
herewith is the old favorite ‘“three-
circuit tuner’”” so common to radio
set builders of the early days of
broadcasting. We must not think
for this reason that the set is not
a particularly good one. In fact,
surprising as it may seem, the
same circuit with occasional modi-
fications is used by 80 or 90 per
cent of present-day short-wave
fans and amateurs. One of the at-
tractive things about slort-wave
radio is that the simplest apparatus
suffices for even the greatest dis-
tances.

In building our receiver, we will
follow a definite plan. First, we
will make a simple and economical
one-tube set working from bat=-
teries. Then, we will construct an
amplifier to increase the volume of
the programs so that a loud speaker
may be used.

So much for eur plans for the
future. The problem at hand is to
make dur short-wave set. To con-
struct any mechanical device, we
must have tools, so before continu-
ing further we will collect those re-
quired. Figure 1 shows a typical
layout of radio tools. It will be no-
ticed that the list includes a hack-
saw, a soldering iron (electric pre-
ferred), a hand drill and a number
of different sized machine drills, a
screw-driver, a heavy pair of pliers,
a pair of cutters, a pair of long-
nose pliers, several files, a knife
with heavy blades, a center-punch,
a hammer and a pair of tweezers.
While all these tools are not es-
sential, it is well to remember that
even the best mechanic cannot do
good work without correct tools
and most of the ones listed above
may be found in the household tool
box.

A short-wave receiver consists of
a number of individual parts, each
of which has a distinct use. First,
there is a tuner. This consists of
a coil of wire of a definite size and
a condenser. The condenser is a
device which stores electricity and
it has several uses in radio recep-
tion., The use in this'case is rather
complicated, but for the present we
will accept the éxplanation that a
coil and a condenser will permit
the signals from one station to be
received and all others to be re-
Jjected. In other words, if the di-
mensions of either the coil or the
condenser are variable, we can sel-
ect any station at will. In a sub-
sequent chapter, we will learn how
the tuner can select stations in this
way.

The condenser used for tuning
consists of a number of flat metal
plates in two groups, one arranged
to rotate within the other. The
two sets of plates are electrically

By C. W. PALMER

separated (insulated) from each
other. This instrument is known
as a variable condenser. Another
type, called a fixed condenser, con-
sists of pieces of tin-foil or alumi-
num foil separated by mica or
waxed paper. The latter are used
when it is not necessary to vary
the size (capacity) of the conden-
ser.

The next part of the radio set is
the vacuum tube, which detects the
signals. Radio signals are electric
currents that change their direc-
tion of flow extremely fast—even
more than 1,000,000 times each sec-
ond. That is to say, if the cur-
rent starts to flow in a wire from
left to right, it immediately re-
verses and starts from right to
left. This is known as an alter-
nating current; when it reverses as
fast as mentioned, it is called a
radio-frequency current.

Now, this radio-frequency current
is received in the tuner and is
passed on to the detector. Our
ears cannot hear the sound caused
by anything vibrating faster than
about 10,000 to 15,000 times per secr
ond and in order to hear the music
sent in the form of radio-frequency
(high-frequency) currents, we must
first reduce the number of rever-
sals of current to low frequencies.
This is accomplished by the use
of the vacuum tube. Here again,
we will accept the explanation
without trying to understand how
it is accomplished.

The sounds from a radio set are
electric currents changed into air
vibrations which we hear as mu-
sic, speech, etc. The device which
changes the electric currents into
sound is the head phone or loud
speaker. When the sounds are not
very loud, head phones are em-
ployed, and when sufficient sound
is available to fill a room, a loud
speaker is employed. They operate
in very much the same manner,
except that the loud speaker is
made heavier to carry stronger cur-
rents and produce more sound.

In the above explanation of radio
reception, we have not tried to
learn how each part acts. We are
only trying to become familiar with
the parts used, so that the task of
building our set will be less diffi-
cult. Later,” we will spend some
time learning "how each part acts
and why it is used. .

A complete list of the parts
needed for the set is given below.

The names of the manufacturers.
+ of the parts used .in the author’s

set are listed for the convenience
of those who wish to copy the re-
ceiver exactly. Other makes may
be used, if good apparatus of the
correct values can be obtained more
conveniently. However, as the
mounting of' the parts and the po-

NER’S S-W RECEIVER

sitions of the connections for wires

may be different in other makes,

it is advisable to use the specified
parts.

1 .0001-mf. variable condenser, Na-
tional ST100, 180° Equitune (C1).

1 .001-mf. fixed condenser (with
grid leak clips), Polymet (C2).

1 .00025-mf. fixed condenser, Poly-

met (C3).

0.5-mf. by-pass condenser, Poly-

met (C4).
1 Aerial coupling condenser (made
at home) (C5).
1 2-megohm grid leak, Lynch (R1).
1 20-ohm rheostat with switch, Car-
0 ter (R2).
1 50,000-ohm variable resistor, Clar-
ostat type P10 (R3). (Regen-
eration control.)
1 4-prong tube socket, Pilot type
216.
1 Vernier dial, Kurz-Kasch.
12 Binding posts, Eby Junior.
1% Pound No. 22 double silk covered
wire; Cornish Wire Co.
1 Box No. 600 Braidtite hook-up
wire, Cornish Mfg. Co.
1 Type 30 tube, Triad.
1 45-volt “B’ battery, Burgess Bat-
tery Co., type 10308.

Dry cells, Burgess Battery Co.,
type 6. i

Pair of head phones, Trimm.

Panel bakelite or similar material,
5 x 8 Inches, Insuline Corp. of
America.

Strip of bakelite 4 x 1 inch, In-

suline Corp. of America.

inches of bakelite tubing, 2-inch

diameter, Insuline Corp. of
America.

1 Wooden baseboard 8 x 8 x 1§
inch thick.

6 Brass angles with 1l-inch arms.

1 Strip of stiff bus-bar.

Miscellaneous screws, soldering lugs,
ete.

When all the parts are obtained,
the panel may be drilled to hold

—
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the tuning condenser C1, the rheo- .

stat R2, and the regeneration con-
trol R3. The positions of the
mounting holes, as well as the two
holes for the brass angles that se-
cure the panel to the baseboard,
are shown in Fig. 2. In drilling
the panel, care should be taken to
press lightly with the drill so that
the panel will not be cracked. The
size of each hole is indicated in the
illustration.

When we have mounted the three
controls on the panel, we can drill
the baseboard. Fig. 3 shows the
positions of the holes. As a wooden
board is employed, we do not have
to drill holes for mounting the ap-
paratus. Round head wood screws
will suffice for this purpose.

In order to cover all the short-
wave bands a number of different
coils are needed. As these coils
must be interchanged:from time to

(Continued on Page 25)

-
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Photo at right shows general appearance of the
complete ‘‘beginners’” short-wave receiver. The
coils are home-made, and with a good pair of
phones and a fair aerial, together with a good
location, there is no reason why you cannot ‘‘step
out” with this set and bring in short-wave sta-
tions from all over the world.

Above—Close-up view from the rear of the short-
wave ‘beginners’ set. The layout of the apparatus
is very neat and the parts well spaced so as to
avoid undue loss by induction or capacity.
The tools recommended in building a short-wave set
such as the one pictured, are illustrated in the photo
at the right.
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@®IN THE article describing the

Beginner's one-tube set, we
learned how the vacuum tube can
be used to change the extremely
high frequency (radio waves) to
low frequency currents that are
needed to operate a loud speaker or
head-phones. There is another im-
portant use for the vacuum tube.
This is to increase the volume of
the sounds received, so that a
loud-speaker can be used, and so

* that the far distant -stations can

be heard with sufficient volume to
be understood.

To utilize the vacuum tube as an
amplifier, we must connect it in a
certain manner and use several
other parts, as we shall see. The
ordinary type of receiving tube con-
tains three elements—the filament,
the grid and the plate. The fila-
ment, when heated, throws off elec-
trons. These electrons hit the plate
and as we will remember from the
article, on page 4, the flow of elec-
trons is also a flow of current. By
placing the correct voltages on the
plate and the grid by the use of
batteries, the grid can be made to

control the number of electrons
flowing to the plate.

Then if the output of the detector
is connected to the grid of the
amplifier tube, the signal received
can be used to control the current
flowing in the plate of the ampli-
fier tube. In this way, the current
in the latter tube changes with
each change in the detector and as
the current in the amplifier is lar-
ger than that in the détector,
greater volume can be obtained.

Several ampliflers can be con-
nected after the detector to further
increase the volume; at this time,
tnough, we will content ourselves
with adding a single tube.

To couple the detector tube to
the amplifier, some device must be
used to permit the tube to be used
efficiently and to separate the bat-
tery leads in the two circuits.
There are three common systems
of accomplishing this separation.
The first and most universal is
known as the transformer method.
The second is called the resistance
coupled method and the third is
the impedance system.

THE BEGINNER’S SET

An audio amplifier to increase the volume of the

one-tube set

Transformer Coupling Method

We will recall that if two coils
are coupled together and a current
is flowing in the first, a current
will also flow in the second when-
ever a change takes place in the
applied current. This action is
known as induction and is used in
radio tuners and in transformers.
The transformer consists of two
coils (a primary and a secondary)
with an iron core between them.
The iron core increases the induc-
tive action and makes the device
more efficient for low frequency
currents. This is shown in Fig. 1.

Now if we look at Fig. 2, we
will see how the transformer is em-
ployed to couple the detector tube
to the amplifier tube. It will be
noticed that the primary of the
transformer is used in place of the
phones that were formerly in the
detector plate lead. The secondary
is then wired to the grid of the
amplifier and finally the phones
are connected in the plate wire of
the amplifler tube.

The advantage of the transformer
system over the two otner circuits
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By C. W. PALMER

to be explained is that the voltage
of the signals in the detector is in-
creased or stepped-up, as it is com-
monly called. This is a well known
property of the transformer which
is used extensively in radio and
electrical work. One every-day ap-
plication of the voltage step-up or
step-down principle is in the elec-
tric light lines, where the current
is carried at 550 volts or more and
is stepped-down in transformers to
the commonly used 110 volts.

In the amplifier that we will build
for our Beginner’s Receiver, trans-
former coupling will be employed.
However, in order to understand
how the other systems work, we
will discuss them briefly.

Resistance Coupling

If the transformer in Fig, 2 is
replaced with a condenser and two
resistances of the correct values, a
suitable coupling will result that is
known as the resistance method.
We found some time ago that a
condenser stores current and that
it will pass an alternating current
but not a direct current, This is
the property that is utilized in the
resistance coupled amplifier. The

condenser is connected between the
detector plate and the amplifier
grid. The resistances prevent the
signal from being short-circuited
through the batteries. These re-
sistances must be of such a value
that the current from the ‘“B’’ and
*C” batteries can be impressed on
the plate and grid respectively, but
still be high enough so that the
signals are carried from the plate
to the grid. Figure 3 shows the
circuit for the resistance amplifier.
Impedance Coupling

The impedance-coupled amplifier
is similar to the resistance ampli-
fier in that a condenser is used to
couple the two tubes together. The
difference lies in the fact that in-
stead of using plate and grid re-
sistors, coils with a large number
of turns and iron cores are used.
This is not the same as transformer
coupling, as the two coils are not
coupled inductively, but are entirely
separate.

The operation of the impedance
amplifier is also similar to the re-
sistance amplifier, in that all the
amplifying is done in the tubes,

It has advantages over the former
amplifier, though, in certain re-
spects. The coils are made with a
sufficient number of turns so that
the audio frequency currents that
make up the signals cannot pass.
However, the resistance of the coils
to the passage of the battery cur-
rent is much less than that for the
resistance coupled method. This
permits the use of fewer batteries,
for the same amplification. There
are other advantages in a well-de-
signed impedance amplifier in the
quality when very loud signals are
required. However, as the reasons
for these actions are rather com-
plicated, we will not attempt to ex-
plain them. The resistance coupled
amplifier has one good point in its
favor, and that is that both the
low and high notes that make up
good music are amplified with the
same intensity for medium volume.
Unless the transformers or the im-
pedance coils are very well designed,
the quality will not be as good in
the latter amplifier.

The circuit of an impedance am-

(Continued on Page 29)

S .
JRON
CORE ™,
¥
f——
. —
vy mam
=
==
PRIMARY SECONDARY
col. coIiL
WITH IN WHICH
APPLIED [ THE CURRENT
CURRENT FLOWS BY
INDUCTION
MAGNETIC FLUX TRANSFERS
ENERGY FROM ONE
ColL TO ANOTHER. .
FiG. 1 FIG. 6-A
N\

FIG. 6-8B

B+ é'; A+ C-
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Smoothing Up The

Regeneration Control
By R. J. SLACK

@® MUCH has been said and written

as regards capacity versus screen-
grid voltage control of regenera-
tion; they both have their merits.
The capacity method allows a
quieter and smoother control, but
has the disadvantage of disrupting
the tuning, especially on the higher
frequencies.

It is claimed that the new 35
tube, when used as a grid-leak de-
tector plus screen-grid regenera-
tion control, has the ability to hold
its critical point much steadier
when this arrangement is employ-
ed. However, 1 use a combmation
of the two methods, by employing
a variable voltage to the screen
and a .0001-mf. variable in the
plate circuit of the 35 detector,
thus allowing the screen-grid vol-
tage to be set at its peak operat-
ing value (and it has one) and re-
taining the smooth and gradual
features of the condenser.

This adds another control that
looks worse on paper than in prac-
tice, because the screen-grid vol-
tage knob is just an auxiliary and
need rarely be touched when once
set, except on extremely weak sig-
nals, when every bit of efficiency
counts.

When a greater than necessary
number of turns are on the tickler
coil and the screen-grid voltage is
adjusted to its correct value, the
tube will “plop’’ in and out of re-
generation. The only alternative is
to reduce the number of turns on
each coil until the correct number
is found.

If possible, separate plate and
filament transformers ' should be
used. I wound  my own filament
supply transformer and when fin-
ished it delivered 2.75 volts without
a load and I immediately con-
cluded that a 3-tube load would
bring it down to ‘‘about’’ the cor-
rect value. It did—about. For the
next month my set ‘‘plopped’ un-
til I finally exhausted everything

else and measured the heater vol-
tage (under load). It read 2.6 volts.
After connecting a 40-watt bulb in
series with the primary and re-
ducing the voltage to 2.3, every-
thing began to function again.

When changing over a Super-
Wasp circuit from conductive to
inductive coupling as per diagram
A, 1 encountered a terrific tunable
hum and this was solved by com-
bining the Super-Wasp with the
National arrangement as per dia-
gram B.

I believe that it is universally
agreed that the R.F. plate voltage
does not belong on the detector
grid condenser. A very slight leak-
age across this condenser results
in erratic behavior of the set and
an annoying interlocking between
circuits results.

Another prolific source of trouble
exists in the method employed in
grounding the various apparatus.
Each R.F. stage should be com-
pletely isolated in its own alumi-
num or copper can and the different
parts inside the can should be
grounded as per diagram C, with
D and E as second and third
choice, respectively. This. of course
also applies to the detector can.

All “B” voltage leads from set
to power-pack should be shielded.
A piece of ordinary BX conduit
cable with regular wires and wrap-
ping removed is large enough to

hold these. Also, don’t forget to
ground the metal sheath to B-
minus, It is also good practice to

enclose the 110-volt A.C. leads
from the power-pack to line in this
cable, if at all near R.F. portion
of set. I don’t believe there are
mafly casés of inductive hum re-
sulting from proximity of aerial to
A.C. lines. However, this can be
determined by simply removing
aerial from set.

All connections should be sold-
ered with rosin and not acid core
solder.

YO R.F. PLATE AOOOl-MF

WAV

%

SUPER - WASP

DETECTO!
WRF PLATE %i’i?ff]
% NATIONAL
DETECTOR

TO R.F. PLATE

Diagrams above show improved

form of detector circuit as worked

out by Mr. Slack; C, D, and E

show optional methods of “ground-
» mg

A.C. ﬁlament leads from set to
pack should be as short and direct
as possible, twisted, and not smal-
ler than No. 10 wire. A good A.C.
voltmeter should be used to meas-
ure the voltage to the heaters of
the tubes while under load, and
this should come mighty close to
the manufacturer’s recommended
voltage.

The trend in short wave receiver
design as in broadcast receivers is
fewer controls and gadgets. This
works out very well in a broadcast
receiver employing numerous R.F.
stages, but in the average short-

. wave set with its lone little R.F.

stage, I don’t care to sacrifice my
set’s sensitivity for simplicity
achieved by ganging controls. A
casual glance at F will reveal at
least . five controls. The average
“ham’ operator will raise his hands
in holy horror at this, but it so
happens that I am interested sole-
ly in tuning in short-wave broad-
casts and want every last bit of
efficiency when hunting for VK2ME,
ete.
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Figures 2A, B, and C, above, show

several ways in which to connect
a low impedance so as to match
' the output tube.

@ THE ideal amateur receiver

. should have at least five qualities:
namely, (1) Selectivity, (2) Low
noise level, (3) Sensitivity, (4)
Volume, (5) Ease of operation.

In order to keep the noise level
conveniently low, a great number
of tubes should not be used, for
tubes have a characteristic of cre-
ating noise within themselves. Fur-
ther, if a number of tubes are em-
ployed, there is more probability of
the interlocking of the fields of dif-
ferent stages, thereby setting up
hums, whistles, et cetera, and
raising the noise level in general,
as well as lowering the efficiency.
The general effect of such inter-
locking of fields can be eliminated
only by very careful shielding and
laying-out of the whole receiver.

If the number of tubes is to be
restricted, those tubes used must
be necessarily of comparatively high
amplification factor, to bring the
volume to the desired level

Ease of operation limits the num-
ber of tuned circuits. The smooth-
ness of operation, as. well as the

sensitivity, are determined by the
circuit and the tubes involved.

The receiver illustrated in the
schematic diagram of Fig. 1 has"

all of the desirable characteristics
to a very satisfactory degree. The
screen-grid detector employed is
highly sensitive and control of re-
generation through the screen-grid
is quite conventional and known
for its smoothness.

The object of merit is the use
of a 24 tube as an audio amplifier,
The 24 has an amplification factor,
or ‘“mu,” of 400 and picks up
readily the very weakest of sig-
nals from the detector. The type
27 tube, commonly used, has a mu

7 NEW KINKS

FOR THE S-W SET

By REX E. LOVEJOY

of 8, and the 47 pentode, a mu of
52. By comparison it is realized
why a 24 is very much superior
to either of the other types.

To realize maximum gain from

any circuit, the load impedance
must match the plate-to-filament
impedance of the tube. With the

screen-grid tube, this impedance of
the plate is of comparatively™ high
order. Obtaining a load impedance
to match may be accomplished in
one of several ways, as illustrated
in Fig. 2.

Resistance coupling is used in
Fig. 2A. 'This system works nicely
but has the disadvantage of re-
quiring about 600 volts to the re-
sistor in the last stage. This is
evident, for the resistors are in the
neighborhood of 200,000 ohms.

Fig. 2B gives an impedance-
coupled system which is very sat-
isfactory. By experiment it was
found that if the primary and the
secondary of an ordinary audio
transformer were connected in ser-
ies and the whole unit used as
shown, the impedances obtained
were very nearly correct. L3 and
L5 are both audio transformers of
ordinary design.

In Fig. 2C is shown another vari-
ation where a combination of in-
ductance and resistance is used.
This circuit has the same disad-
vantage of Fig. 2A, but to a smal-
ler extent. The voltage required is
about 300 volts. In this circuit, L5

is a output' choke designed for use
with a 45 power amplifier. R is
approximately 5,000 ohms.

Since most receiver power-packs
have an output of about 200 volts,

the circuit in Fig. 2B was adopted.

In the completed receiver, Fig. 1,
C1 is a midget condenser cut down
to two plates, double-spaced. C2
is a similar condenser, cut down
to three plates, single-spaced, and
is used for tuning. C3 is a 23-
plate, 0.00015 mf. midget used for
“lump’’ capacity for centering the
amateur bands. It is mounted on
the base of the subpanel. Once
adjusted, it is left undisturbed.

A variable-mu, or 35, tube is
used as detector T1, because of its
very nice performance as a re-
generative detector, although a 24
may be used almost as well. RI,
Fig. '1, may need to be changed for
different tubes.

C5 should not be any larger than
0.00025 mf. for maximum volume
and the potentiometer R2 must be
by-passed by C7, a 1 mf. condenser,
to remove noise. The grid-leaks
for the 24 audio tube and the de-
tector, R3 and Rl, are not critical
and several values should be tried
and the ones giving most volume
and smoothest regeneration should
be used. It is absolutely necessary
to by-pass R4 with a 1 mf. con-
denser, designated as C9.

Any coil and condenser combina-
tlon can be used for the detector
circuit. If home-made coils are
used, after the band has been lo-
cated, the tickler L2 should be cut
down or increased until oscillation
just starts when the screen-grid
of the detector is at a potential of
about 21 volts. This adjustment is
quite important, for volume is 50

(Continued on Page 19)
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Complete wiring diagram of short wave receiver especially designed for
operation on the amateur bands of 20, 40, and 80 meters and providing
smooth and efficient reception 6f code and phone signals on these bands.
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WHICH
REGENERATION
SCHEME?

By M. H. GERNSBACK

@ ONE of the most important factors in short-

wave receiver design is regeneration control.
Unless a set has an efficient method for con-
trolling regeneration it is well nigh wuseless. A
discussion of various methods of control and their
advantages and disadvantages will be undertaken
in this article.

Detector systems using three-element tubes
such as types 99, 01A, 30, 26, 27 and the new 56
will first be discussed. For simplicity, all dia-
grams will show grid returns to cathode, which
is equivalent to A-minus filament in battery sets.
Figure 1 shows the simplest system of control,
by mechanical movement of the tickler coil with
respect to the grid coil. This method is now
obsolete, as it is very critical in adjustment and
causes quite a noticeable detuning effect on the
detector tuning control. Figure 2 shows a
method that was once considered the best possi-
ble for short-wave work. It is used but little at
present, as it also is fairly critical in adjust-
ment and causes detuning. It is simply a par-
allel plate feed system similar in principle to the
method of isolating the plate current from an
A.F. transformer primary in audio amplifiers.

The control shown in Fig. 3 merely varies the
voltage applied to the detector plate by means
of a variable resistor. This control is likely to
be very noisy and in addition it gives only rough
control, together with detuning effects, all of
which makes it unsatisfactory for high efficiency.
In Fig. 4 is shown a method which, although it
has negligible detuning effects, is not very satis-
factory because of its critical and not always
noiseless operation. Figure 5 illustrates what is
probably the most generally used form of con-
trol. If carefully designed it will usually prove
a very quiet and smooth form of control. Noisy
variable condensers cause trouble frequently and
in addition there is a pronounced detuning effect.

Figures 6 and 7 illustrate two entirely differ-
ent methods of control. The exponents of the
scheme shown in Fig. 6 claim that it is free
from detuning effects, is very quiet in operation
and gives a very smooth control of regeneration.
The method of control illustrated in Fig. 7 also
gives very satisfactory results, according to re-
ports. We have not yet experimented with it,
however, so we are not able to give definite
statements as to its merits, but it is certainly
worth a trial.

Recently quite a number of set builders have
advocated the use of screen-grid and R.F. pen-
todes in the detector stage. These tubes, when
properly used, give much stronger signals than
triodes and offer much more efficient methods
of controlling regeneration. All of the meth-
ods of control discussed under three-element
tubes may be used with these tubes and will

FIG.7

FIG.8
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Reducing threshold howl in trans-
former and resistance coupling.

give much stronger signals. There
is a much better system of con-
trol for these tubes, by varying
the potential applied to the screen-
grid. This method gives very fine
control with none of the objection-
able features of the methods of
control described above. Figure 8§
shows how the screen voltage is
varied by a potentiometer. A va-
riable-mu tube used as detector in
this circuit will give even better
control than an ordinary screen-
grid or pentode tube.

The use of the R.F. pentode as
detector has only recently been
considered, because of lack of R.F.
pentodes in the open market. This
tube should prove even more effi-

cient as a detector than the screen-
grid tube, especially when provi-
sion is made for varying the po-
tential on the suppressor grid as
well as on the screen grid. The
suppressor grid potential should be
adjustable so that positive as well
as negative potential may be ap-
plied. This control need only be
adjusted when first operating a re-
ceiver, as once the best point is
found there is no further need of
adjustment unless tubes or the cir-
cuit is changed. We would like to
hear from experimenters as to what
results they have had using these
new tubes. (See Fig. 9.)

One of the most troublesome
things in a regenerative detector
system is threshold howl—a strong
audio frequency howl which occurs
just before the receiver goes into
oscillation. As the period just be-
fore oscillation is the most sensi-
tive of operation, threshold howl
effectively ruins a receiver's effi-
ciency. The reasons for threshold
howl are not very well understood,
but there are several methods of
eliminating it. Figures 10 and 11
illustrate methods of curing this
condition when a transformer is
used for coupling to the audio
amplifier. Both of these methods
result in reduction of volume, but
they are necessary if the receiver
is to function properly.

If resistance or impedance coup-
ling is used between detector and
audio system, threshold howl is not
present. This is the most satis-
factory method, as the systems il-
lustrated in Figs. 10 and 11 affect
the audio response. Figure 12 shows
a resistance coupling system. It
is necessary to apply at least 180
volts to the plate of the detector,
due to the drop in the resistance.
Figure 13 is a form of impedance

17

FIG.14

Impedance coupling and a suitable
way to obtain the correct
impedance.

coupling. This is the best method
for all-around use, as the voltage
drop through the plate impedance
is very slight and a fairly low
plate voltage may be applied to
thes detector. When using a screen-
grid or pentode tube as detector,
it is almost imperative to use the
impedance method, due to the high
plate impedance of these tubes.
By connecting the primary and sec-
ondary of an A.F. transformer in
series as shown in Fig. 14, a sat-
isfactory plate impedance may be
secured. It may be necessary to
shunt this impedance with a re-
sistance in series with condenser,
as shown by the dotted lines in
Fig. 13. This is to cut the high
note response. It is also possible
to use a high impedance choke
coil in place of the audio trans-
former.

attracting small pieces of iron and
steel. 'When the current from the
battery is not flowing, the iron bar
no longer attracts the iron pieces.
Thus we can see that the current
passing through the coil of wire has
given it a new property which we
call magnetism, and since it has
this property only when the elec-
tric current flows, we call it an
electromagnet.

Now, if we replace the soft iron
bar with one of hard steel and al-
low the current to flow for some
time, we will find that the steel
will attract the pieces of iron even

-when the current flow has stopped.

We have now made a permanent
magnet. A careful examination of
the soft iron bar will show that it
also retains a small amount of
magnetism, although in a smaller
degree than the steel. The  steel
is said to have a higher degree of
retentivity than the iron.

If we drop a permanent magnet
into a box of iron filings, we will
notice that there are two places on

‘the magnet to which the most fil-

ings cling. See Fig. 8. These plac-

GETTING STARTED

(Continued from Page 5)

es near the ends of the steel bar
are called the poles of the magnet.
OUne pole is called the north pole
and the other the south pole, or
more accurately the north-seeking
pole and the south-seeking pole,
for if we suspend the magnet from
a thread, it will swing around un-
til the north-seeking pole faces the
north and the south-seeking pole
faces the south. This is the effect
used in the magnetic compass.

Magnets and magnetism are used
in a number of different ways in
radio receivers. Headphones and
loud speakers contain magnets. The
transformers used in radio amplifi-
ers depend on magnetism. Even
the actual transmission and re-
ception of the radio waves depends
on magnetic principles.

Induction

One of the greatest discoveries in
electricity was the fact that a mag-
netic field in motion will cause a
movement of electrons which we
know as an electric current. If
we connect a coil of wire across an

indicating instrument (such as a
galvanometer, which indicates the
presence of current) and run a per-
manent magnet through it, as
shown in Fig. 9, the needle of the
galvanometer will move, indicating
the presence of current in the coil.
The needle of the meter will quick-
ly return to the zero position when
the magnet is at rest in the coil.
Then if we draw it out again
quickly, the galvanometer needle
will again move, but this time in
the opposite direction. It will be
found that the faster the magnet is
moved, the greater will be the de-
flection.

If we substitute a piece of un-
magnetised steel for the magnet
there is no current indicated. The
difference between the magnet and
the steel is the presence of the
magnetic lines of force surround-
ing the former. This experiment
shows that whenever a conductor
is placed in the presence of a mov-
ing magnetic field, a current is pro-
duced. This current is caused by
induction.

(Continued on Page 22)
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TUNING THE
SHORT-WAVE

RECEIVER

By C. W. PALMER

@ THE knack of operating a short-

wave receiver correctly is usually
learned only after considerable try-
ing on the part of the operator,
whether he is a beginner or a
“‘dyed-in-the-wool” veteran. Each
receiver acts a little differently
from any other and we must find
the best way to handle our set, by
continuous trying.

Probably more short-wave sets
fail to give satisfaction because of
incorrect handling than for any
other reason. The novice invariably
manipulates the tuning dials much
too rapidly. Due to the fact that
several stations may often be tuned
in and out within the space of one
division on the tuning dial, it must
be turned very slowly even with a
vernier dial, or the stations will be
passed by without being heard. The
ability to turn the dials slowly and
patiently must be acquired. We
are all used to the regular broad-
cast receivers which may be tuned
roughly until the station is heard
and then adjusted to the best point.
TS hauit uL Luning the latter re-
ceivers makes the task of correctly
tuning our short-wave set even
more difficult.

Two Methods of Tuning

There are two methods of tun-
ing regenerative receivers. (The
Beginner's Receiver is a set of this
type.) The first way is to set all
controls such as the volume con-
trol, antenna series condenser, etc.,
at the point where the loudest mu-
sir is heard on lnral stationg, Then
advance the regeneration control
(volume control on the Beginner’s
Set) until the set drops into oscil-
lation. We will remember from a
previous explanation that the set is
oscillating when a slight hiss is
heard which suddenly stops with
an abrupt click as we turn the re-
generation control to the right. The
period where the hissing noise is
heard is known as regeneration
and the set is extremely sensitive
when operated in this condition, It
we turn the regeneration control
until the set is oscillating and then
turn the tuning dial, a whistle will
be heard whenever a broadcasting
station is passed. This whistle is
caused by the oscillation of the re-
ceiver (which is just like a minia-
ture transmitter) interfering with
the waves sent out from the broad-
casting station. When the whistle
is heard, all we have to do is to
turn the regeneration control back
until the set passes the point of
oscillation and is regenerating. We

may also have to slightly readjust
the tuning dial to obtain the great-
est volume.

If the incoming signal is fairly
strong, we will find that the pro-
gram comes through clear and free
of the whistle. However, if the
signal is weak, the whistle will
dominate the voice or music and
clear signals will not be heard. In
this case, the ‘‘zero-beat’’ method
of tuning is more satisfactory. . !|

To tune by the ‘‘zero-beat” meth-
od, turn the regeneration -control
until the set just passes into oscil-
lation. Then tune the set very
carefully until it is at the critical

point between the two whistles
which identify the presence of a
station, at which it will be found

that no whistle is heard. At this
point there is no whistle because
the signal generated by the receiver
corresponds exactly to that of the
broadcasting station and they do
not interfere with each other. Fig-
ure 1 illustrates zero-beat tuning.

You can tell when the point of
zero-beat is reached by turning the
tuning dial slightly to one side or
the other. The slightest deviation
on either side will cause the whistle
to reappear, Zero-beating is an
excellent means of fishing for weak
or far distant stations, as the set
is in a very sensitive condition
when oscillating. Many distant sta-
tions that you cannot hear at all
when the set is regenerating can
be tuned in with sufficient strength
to at least identify them, if you
zero-beat them.

Time Differences

‘When trying to receive distant or
foreign stations, the difference be-
tween the time at the locality of
the receiver and the transmitter
must be remembered.

It is possible to receive great
distances on short waves with very
simple equipment. However, to re-
ceive these far-away stations, in-
telligent handling of the receiver is
necessary. For instance, it would
be rather foolish for us to listen
for a station in Paris that signs off
at 12 midnight at a time later than
7 p.m. in New York, for it is 12
midnight in the former city at this
time,

Greenwich Time is the system of
time accepted in all countries to
have a world standard. Greenwich
Mean Time is noon at the, moment
when the mean sun passes over
the meridian of Greenwich, Eng-
land. Standard Time is the time
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accepted over a large area, such
as KEastern Standard Time, which
covers the east coast of the United
States. The true local time may
vary almost an hour in this area,
even though the accepted time is
the same in any part.

The meridian of Greenwich, Eng-
land, has been taken as the prime
meridian and there are twenty-four
standard meridians
earth, differing by 15 degrees lon-
gitude east and west. These meri-
dians were established in order
that the time in any part of the
earth may correspond in minutes
and seconds with the Greenwich
time, although the hours vary one
hour forward or back for each
- meridian east or west of Green-
wich. In the United States the
standard times are: Eastern, 75 de-
grees west (five hours slower than
Greenwich); Central, 90 degrees
west (six hours slower); Mountain,
105 degrees west (seven hours
slower), and Pacific, 120 degrees
west (eight hours slower).

A very useful time conversion
chart may be obtained by sending
10 cents in coin to the Superinten-
dent of Documents, Government
Printing Office, Washington, D. C.,
for a copy of Miscellaneous Publi-
cation No. 84, entitled ‘“Standard
Time Conversion Chart.”

Skipping and Fading

A transmitting antenna sends out
radiations which move in straight
lines, as shown in Fig. 2. The
waves which travel along the sur-
face of the earth are called ground
waves and those which are di-
rected upward are the sky waves.
Actually the ground and sky waves
are identical, except for the direc-
tion of travel. The ground waves
follow the surface of the earth and
pass through mountains, cities, for-
ests, etc., and are slowed down and
weakened by these obstructions.
This weakening effect is so strong
that the ground waves are practi-
cally non-existent at 500 miles, de-
pending of course on the wavelength
and the power used. It is evident
that if the ground waves alone
were heard in our receivers, long
distance transmission would be out
of the question.

around the

The sky waves do not travel in
straight lines indefinitely, for if
they did they would never return
to the earth and would not affect
our sets, According to the Heavi-
side layer theory, there exists
around the earth’s surface, at vary-
ing heights, an enveloping layer of
ionized gas. This ionization may
be caused by radiations of electrons
or ultra-violet light from the sun.
In any event, this layer is thought
to be present around the earth.
‘When the sky waves reach it, they
are reflected from it as shown in
Fig. 3 in a similar manner to the
way light rays are reflected by a
mirror.

This reflecting layer explains skip-
ping. As seen from Fig. 3, the re-
ceiver may be located so far from
the transmitter that it does not
receive the ground waves. If the
reflected sky waves return to the
earth beyond the location of the
receiver, no signal will be received.
This reflection may also explain
fading, for if the reflecting layer is
not constant, the point at which
the reflected wave hits the earth
may vary, causing the signals to
keep fading and returning.

Fringe Howl

A great many short-wave re-
ceivers are troubled with a condi-
tion known as fringe how! which
prevents their correct operation.
‘When the regeneration is increased
just under the point of oscillation,
the receiver starts to howl or hum.
This trouble is not very prevalent
in sets without amplification, but
when the receiver uses two audio
frequency stages, it often becomes
unmanagable.

Increasing the amount of regen-
eration will stop it, but it is some-
times desirable to operate the set
just under the point of oscillation.
One simple method of eliminating
the trouble is to connect a resistor
of about 100,000 ohms (the grid
leak type) across the secondary of
the first audio transformer.

Dead Spots

A great many short-wave sets
are troubled with so-called dead
spots or points on the dial at which
the set will not oscillate.

In the first article of this series,
we found that if a coil was placed
in the proximity of another coil
which was connected to a source
of current, a current would also
be picked up in the second coil
This may be expressed in the fol-
lowing manner: If a coil is coupled
to a second coil with a current
flowing, the first will absorb energy
from the second.

This is what happens at the dead
spots. For some reason, a circuit
tuned to that particular frequency
is absorbing current from the coils
of the set. The trouble is most
commonly caused by the aerial be-
ing tuned to that frequency and
the energy is absorbed in the an-
tenna system. ’

The solution to the problem is
evident. The aerial must be tuned
to a different wavelength at which
there are no stations. This may be
done in any one of three ways.
The first is to change the dimen-
sions of the aerial, either making
it longer or shorter. This is not
always practical, both because of
structural difficulties and also be-
cause it is difficult to know what
length will eliminate the trouble.
It would be very disappointing to
find that the wavelength of the
aerial had been shifted to another
waveband where stations might be
received.

The second method is to connect
a small variable condenser in series
with the aerial lead, in order to
tune it to another point on the
scale at which no stations are
heard.

The third method is to tune the
aerial to an entirely different wave-
band, by connecting a coil and a
condenser in the aerial circuit. A
coil such as the one described in
the article last month for eliminat-
ing broadcast interference will be
suitable. It may be used for the
dual purpose of changing the fund-
amental wavelength of the antenna
and also stopping broadcast inter-
ference, by tuning it to the point
where the broadcast station disap-
pears and the oscillation returns.
The dimensions of this wave-trap
are repeated in Fig. 5 for the bene-
fit of the reader.

per cent greater at a potential of 21
volts than at any other. Tube-
base coils were used in the original
receiver and the approximate num-
ber of turns is given in the table
under Fig. 1.

Cl11 and C12 are 1 mf. by-pass
condensers and may be placed in
the power-pack or in the receiver
proper.

The panel should be of aluminum,
copper or brass, to elimihate body
capacity effects, etc. A metal sub-
panel is advisable, with filament
wires below it and all other wiring
above. A non-metal subpanel can
be used; if the fllament wires are
twisted together and kept as far

NEW KINKS

(Continued from Page 15)

from other wiring as possible, in-
duced hum will not be noticeable.

List of Parts

Cl, C2—See text for details.

C3—90.00015 mf. variable midget con-
denser (23 plates).

C4—0.0001 mf. fixed condenser.

C5—0.0001 or 0.00025 mf, fixed con-

denser.

C6, C8, C10—0.01 mf. fixed conden-
sers.

C7, €9, C11, C12—1 mf. fixed con-
densers.

R1—3 megohm grid leak.

R2—0.100,000 ohm potentiometer.

R3—2 megohm grid leak.

R4—400 ohm bias resistor.

R5—20 ohm center-tapped resistor.

L1, L2—Tube-base coils.

L3, L5—Audio transformers — pri-
mary and secondary windings
in series (see text).

L4—Radio-frequency choke,
80 millihenries.

Tube Base Coil Data
No. 30 S.S.C. Wire
Number of turns

about

Band L1 L2
80 m. 25 11
40 m. 12 9

20 m, ] 5 7
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@® RECENTLY the writer visited

the home of a radio writer who
was conducting a comparison be-
tween five well-known short-wave
receivers. Some of the sets were
equipped with audio amplifiers and
therefore have good loud speaker
response on foreign stations; how-
ever, there were two that had very
sensitive R.F. amplifiers but were
not equipped with sufficient audio
gain to permit decent loud speaker
reception.

In order to place the receivers
on a more equitable basis the am-
plifier pictured in Fig. 1 was built
‘“on the spot.” It consists of an
input push-pull transformer feeding
two 47's in push-pull — nothing
more, nothing less; but it sure
made reception interesting.

Since then, it has occurred to the
writer that every S.W. station
should have at least one audio am-
plifier on hand to operate or test
any R.F. chassis on hand. In the
discussion to follow, the advantages
and disadvantages of several types
of audio systems will be analyzed.

The Resistance-Coupled Amplifier

The simplest of amplifier sys-
tems is the straight resistance-
coupled unit depicted in Fig. 2.
As may be seen by reference to
the figure, coupling between stages
is effected by resistances and con-
densers, no transformers of any
sort being used, with the excep-
tion, of course, of the output trans-
former.

‘While this class of amplifier can-
not boast of high gain, neverthe-
less it has many desirable features
upon which its popularity has been
founded. In the first place, it is
the most economical class of am-
plifier one can build; secondly, the
quality of reproduction cannot be
equalled by any other type of am-
plifier unless the very highest
grade of parts obtainable are used;
thirdly, the space occupied is very
small and the unit can fit almost
anywhere.

All values are given in the dia-
gram of Fig. 2. The coupling re-

AR S

of the
coupled type?
’47 tubes?
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gistors should be of the 1 (one)
watt size, not so much because of
the actual heat they generate, but
because they may be heated by
other parts of the set such as the
rectifier, etc., and therefore be
called upon to dissipate safely .75-
watt although they are only gen-
erating .2-watt of heat. The .01-
mf. coupling condensers should be
tested for leakage with 300 volts
D.C. before using them. The rating
of a reliable manufacturer may
sometimes be relied upon.

The gain of this amplifier should
be sufficient to operate a loud
speaker from the usual S.W. re-
ceiver output. If, however, the
gain of the amplifier is to be var-
ied, then the grid resistor of the
47 may be in the form of a po-
tentiometer as shown in the dia-
gram. All filter and bypass con-
densers are of the dry electroly-
tic type because of their low cost,
small size, and high capacity.

If a magnetic speaker is used,
then a 30-henry choke must be
used in the filter circuit; if a dy-
namic speaker is wused, then the
choke may be removed and the
speaker field used in its stead. No
attempt has been made to give a
layout, as most men have the
equipment in the ‘junk box’ and
will probably use it.

While this amplifier is designed
to operate from a screen-grid de-
tector, it may, by changing the
size of the 100,000-ohm input re-
sistor to 50,000 ohms, be used with
the usual R.F. tuner having a 27
(or the more recent 56 which is
the same as the 27, except for
the filament current, in the detec-
tor stage).

The Impedance-Coupled Amplifier
The diagram of the impedance-
coupled amplifier is exactly the
same as the resistance-coupled unit
of Fig. 2 with the exception that
the coupling resistors are replaced
by audio chokes; 200 henry chokes
being substituted for R1 and R2,
and, for real good reception, 500
henry units for R3 and R4. The

HOW TO MAKE
AUDIO

By LOUIS MARTIN

After all—just what kind of audio amplifier shall
we build for our short-wave receiver?
resistance,
Should we utilize the new 56 and
Is one A.F. power-stage better than
two ordinary amplifier stages, and why?

Shall it be

impedance, or transformer

primary of any good audio trans-
former has an inductance of about
200 henries, but the 500 henry
“brutes”’ may be a little difficult
(or costly) to obtain. However,
if one is not worried so much
about quality, primaries of old au-
dio transformers (with the second-
aries burnt out) may be used for
R1, R2, and R4.

The “fily in the ointment’” may be
that four primaries are not in the
“box,” so that to make the ampli-
fier as practical as possible, the re-
sistors R3 and R4 may be left as
shown in Fig. 2, but the chokes
substituted for R1 and R2. This
diagram is shown in Fig. 3. The
construction of the power unit is
the same as that of Fig. 2, there-
fore repetition is not made.

This amplifier, properly called an
impedance-resistance coupled ampli-
fier, has most of the advantages of
the amplifier of Fig. 2 but not
some of its disadvantages. First,
due to the use of relatively low-
resistance chokes in the plate cir-
cuit, a higher voltage may be ap-
plied to the plate of the 56 than
in the resistance-coupled amplifier;
second, due to the use of chokes
in the plate circuit, the actual gain
per stage is greater than if re-
sistors were used; third, the quali-~
ty of response is about as good as
a resistance-coupled amplifier, es-
pecially if low resistance, high im-
pedance chokes are used. Another
advantage of the amplifier of Fig.
3 over that of Fig. 2 is the fact

that impedance-coupled amplifiers
have less tendency to motorboat
than resistance-coupled amplifiers.

One thing that may prove to be
a disadvantage is the ability of the
chokes to pick up hum from the
power unit. This may be obviated
by shielding either the choke, the
power unit or both; or by rotating
the choke with respect to the power
unit; or, again, by separating both.

This amplifier is well worth while
building for the man with high
ideals and a small purse.
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WORTH-WHILE
AMPLIFIERS

The Transformer-Coupled Amplifier

The author was never an advocate of high-gain audio ampli-
fiers for radio receivers. By this is meant that more than two
stages should never be used, but the maximum gain per stage
should, of course, always be realized. For high gain per stage
and good (but not excellent) quality the transformer-coupled
amplifier should always be used.

For the average short-wave receiver two stages of trans-
former-coupled tubes is too much because of the following rea-
sons:

Most receivers of modern design use a detector that ampli-
fies in itself (unlike those of five years ago) so that an addi-
tional stage should give excellent volume on most stations. For
stations too weak to be heard on the speaker with only one
stage of audio the headphones should be used, for an additional
audio stage would only tend to make matters worse.

As the number of audio stages is increased, the noise level
increases—and at a greater rate than the number of stages.
Anyone who has ever constructed three or four stage audio
amplifiers for radio work will bear this out.

Additional instability such as microphonic noise, oscillation
and poor quality increase tremendously as the number of stages
is increased above two.

Every piece of equipment that is added to an amplifier dis-
torts the quality. The more apparatus added, the worse the
quality becomes. This is one of the maln reasons why present-
day tubes have a high gain—so that the number of stages may
be reduced to one, as will become evident by an inspection of
any modern broadcast receiver,

For an amplifier suitable for use with =a short-wave re-
ceiver, any of the preceding types are excellent, and for those
who prefer the transformer-coupled type, a single, push-pull
stage is recommended as being the simplest and most efficient
of its type for the purpose. Figure 4 is a schematic of such
a circuit.

It is not unlike the standard units used for radio work, and
may easily be built in a few hours. Shielded cabinets and neat
wiring are not requisites for good reception; good apparatus and
careful wiring are far more important. As before, the power
unit of Fig. 2 is used, the only change being in the size of the
grid-bias resistor—now 225 ohms instead of 450 ohms as shown.
Also, the 25 mf. bypass condenser across this resistor may be
omitted.

That the gain obtained from this single stage is sufficient for
all ordinary purposes was borne out in tests conducted by the
writer—for it is the schematic of the circuit used in the ampli-
fier shown in Fig. 1.

The input circuit of the amplifier under discussion may only
be used when the output tube of the receiver is of the 27 type.
If the amplifier is to be used with a set whose output tube is
of the high impedance or screen-grid type, then the input cir-
cuit must be revised slightly as shown in the insert of the figure.

Conclusion

It will be noticed that in all of the diagrams given, tubes of
the 24 type were not used. The reason for this is not difficult
to see. For one, the gain of the amplifier would be too great
for the purpose for which it is intended; second, the input to
such tubes must be small because (1) the grid bias is small and
(2) a large signal would overload the second stage.

Since the use of a larger power tube than the 47 is cer-
tainly not justified, then a tube of the 56 type must be used
when good all-around reception is desired.

The above, however, is a matter of opinion. For cases where
a high-gain, two-stage amplifier is desirable, as, for instance, in
conjunction with a single-tube tuner, the circuit of Fig. 5 is
suggested. As before, the power unit is the same as that of
Fig. 2, the only change being in the first stage.
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o1 MICROPHONIC hum in a short-wave receiver very fine ad- 8. -Always have several grid
short-wave receiver is not al- justment of regeneration can be se- leaks on hand as there is a great
ways caused by faulty tubes. A cured by shunting the regeneration difference in performance between

defective variable condenser is often

the cause of violent microphonic
hum. This trouble can sometimes
be remedied by re-spacing the

plates of the noisy condenser. If
this procedure is not possible it
will be necessary to replace the
condenser.

2. When shielding a short-wave
set be sure that the coils are at
least one inch away from the
shields. If it is possible to have
even greater spacing so much the
better. When the coils are too
close to the shields there is sure
to be a large loss in efficiency.

3. When using for a detector a
filament type tube supplied with
pure D.C., it is often possible to
obtain smooth regeneration control
by connecting a potentiometer
across the filament terminals of the
tube and bringing the grid return
to the slider arm of the potentio-
meter (see diagram).

4. When using a variable con-
denser to control regeneration in a

-condenser.

with a small variable
A midget condenser
having 2 or 3 plates should prove
very satisfactory (See Diagram).
5. Always make sure that all
by-pass condensers used in the
R.F. and detector circuits of a
short-wave receiver are of non-
inductive construction. If they are
not they are next to useless.

6. When using a stage of radio-
frequency amplification utilizing a
screen grid tube, it is worthwhile
to try several tubes before making
a final installation, as these tubes
are less uniform in construction
than triodes.

condenser

7. A.C. hum in a short-wave re-
ceiver using battery substitutes is
often difficult to eliminate. Cer-
tain types may be cured by plac-
ing an R.F. choke with suitable
R.F. by pass condensers in the
“B’” supply unit's filter -circuit.
This should precede the filter sys-
tem (see diagram).

various sizes and the size on the
label cannot always be trusted.

9. When using a set with plug-
in coils it may happen that the
set is less sensitive over that por-
tion of the tuning range where the
variable condenser used for tuning
is near maximum capacity. If
this is -the case it is possible to
wind an extra plug in coil with its
winding increased 40 to 50 per cent
over that of the coil mentioned
above. By this method the fre-
quencies which were received when
the variable condenser was near
maximum using the first plug in
coil will be tuned in near the
minimum capacity of the wvariable
condenser when the extra plug in
coil is used in place of the regular
one. The sensitivity of the re-
ceiver is better when less condenser
capacity is shunted across the tun-
ing coil and therefore better recep-
tion will be had. This particular
kink was used very successfully on
the Pilot *‘Super Wasp" set.

A similar action can be obtained
if the magnetic field is produced by
a current instead of a permanent
magnet. Suppose we wind two
coils and place them end to end
as shown in Fig. 10, one coil being
connected to the galvanometer and
the other to the battery, with a
switch to open the battery circuit.
When we close the switch, the gal-
vanometer indicates a momentary
current. Then open the switch
again and the galvanometer needle
shows andther current, opposite to
the first.

If we insert a piece of soft- iron
through the coils, the action is the
same as before, but much stronger.
This is the principle of the tuning
coils and transformers used in radio
reception. It will’ bé noticed that
we did not,move the coil as we did

GETTING STARTED

(Continued from Page 17)

the magnet. The magnetic field,
building up in the coil when we
closed the switch, gave the neces-
sary “moving” field to induce the
current in the second coil or the
secondary, as it is called.

Direct and Alternating Current

Up to this time, we have limited
our discussion to currents flowing
in one direction in a conductor.
This type of current is known as
direct current. It will be remem-
bered that when the magnet was
plunged into the coil and with-
drawn, the current reversed its di-
rection when the magnet was with-
drawn. To state this in another
way, we can say that the direction
of the current was alternating in

one direction and then in the other.
This type of current is known as
an alternating current.

Alternating currents are used ex-
tensively in radio. In fact, the ra-
dio waves themselves are alternat-
ing currents which reverse very
fast., in the neighborhood of 1,000,-
000 times per second or even more.
Currents which have a frequency
(reverse their direction of flow) of
less than 10,000 cycles (complete
reversals) per second are known as
audio frequencies, and those over
10,000 cycles per second as radio
frequencies.

It is suggested that the reader
perform the various experiments in
this discussion in order to fix the
facts firmly in mind, as these prin-
ciples are &1l directly applicable to
the operation of radio apparatus.
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COUPLING R.F. STAGE TO DETECTOR

TICKLER TICKLER 'SPECIAL L3
R.F &
R.F. €2 .0001-MF, R.F CHOKE .01-MF
AMP. z AMB. {SEE TEXT) 7
N Vi vz
N
L L L
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I FIG. 2 I I
180V, + "B+ 180V. + B+ 180v.+ "B+ 180V. + B4
Tuned plate impedance Here impedance coil, P, R.F. plate separated by Efficient coupling with
coupling. has tap. choke. three-coil coupler.
@ ONE of the most popular types ance. This method was very popu- denser has a potential difference

of short-wave receivers in use to-
day consists of a tuned stage of
R.F. amplification followed by re-
generative detector and an audio
amplifier.

In this article we shall discuss
different methods of coupling an

R.F. amplifier to a regenerative
detector.
One of the simplest methods

makes use of a tuned plate imped-

lar in the past, as it required only
a 4-prong socket for the plug-in
coils and in addition it simplified
coil construction, as only two wind-
ings are used, tickler and plate im-
pedance. A circuit of such a sys-
tem is illustrated in Fig. 1. This
method gives good results with cer-
tain reservations. TUnless conden-
sers Cl1 and C2 have good insula-
tion, noisy reception will be exper-
ienced. Then, too, the tuning con-

of 98 to 250 volts existing between
rotor and stator, depending on the
voltage applied to the R.F. tube’s
plate.

In Fig. 2, a slight variation of
this circuit is illustrated. The plate
of the R.F. tube is connected to a
tap on the plate impedance ILd;
this tap may be a center tap. Sev-
eral taps should be made on the

(Continued on Page 33)

AUDIO AMPLIFIERS FOR S-W SETS

@® MANY set constructors give lit-

tle attention to the design of the
audio amplifier for a short-wave
receiver, as they believe that it
will have little effect on the final
results. This is a mistaken idea,
because a good audio system will
make a great difference in any
set’s performance.

In genera], more audio amplifi-
cation is required for loud speaker
operation of a short-wave receiver
than is usual in a broadcast re-
ceiver. Signals are usually much
weaker and in addition there is
liable to be quite a bit of back-
ground noise. The ideal audio sys-
tem should possess a substantially
flat frequency response to insure
good quality of reception and it
also should be constructed in such

- .02-MF,

/i |. % ?H% ﬁl
£ g 1

Fig. 1—One of the simplest audio
amplifier systems.
a manner that its response can be
altered. By this it is meant that
there should be compensating de-
vices included in the circuit by
which the relative amplification of
the different audio frequencies can
be raised or lowered with respect
to each other. In brief, the ampli-

fier should have a carefully design-
ed system of ‘‘tone control.”

Figure 1 shows a simple audio
system capable of giving very fine
reproduction. Its chiet drawback
is that in most cases there is not
enough volume for loud speaker
operation.

By using a screen grid or R.F.
pentode in the first audio stage
and an output pentode in the sec-
ond stage, it is possible to pro-
duce an amplifier giving good
quality, together with ample vol-
ume. Such a system is illustrated
in Fig. 2. By means of switch
SW-1 the amplification of low fre-
quency notes can be raised or low-
ered as desired. By adjusting po-
tentiometer R4 the high frequency
response can be raised or lowered.

{Continued on Page 33)
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Fig. 3—Showing audio frequency amplifier with scheme
for adjusting the frequency response.
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Connecting speaker by transformer. Coupling with choke and condenser.

Methods of Coupling To Speakers

@ ONE of the most important, but

strangely neglected, points to be
considered in the design of a short-
wave, or for that matter any type
of receiver, is the method of coup-
ling the loud speaker to the output
tube of the set. If this point is
neglected much of the care put into
the design of the receiver is wasted.

Failure to utilize a suitable
method of coupling will result in
lack of volume, mediocre quality of
reproduction and in some cases vio-
lent distortion and instability.

It is the intention of the writer
to discuss this problem in a criti-
cal manner from the standpoint of
practical results.

First of all, why is an output
coupling device necessary? An out-
put unit serves two purposes. The
first is to prevent the plate current
of the output tube from passing
through the delicate windings of
the loud speaker. This plate cur-
rent is quite considerable and if
allowed to circulate in the coils of
the speaker would demagnetize the
speaker and possibly burn the wind-
ings out. If the output tube does
not consume more than 8 milliam-

By M. H. GERNSBACK

The second purpose of the output
unit is to match the impedance of
the plate circuit of the power tube
to the impedance of the voice-coil
of the speaker. The impedances of
different types of speakers cover
wide ranges. The average magnetic
speaker has an impedance of 2000
or 3000 ohms, while the voice coil
in a dynamic usually has an im-
pedance of from 1 to 10 ohms.
Quite a difference between the two
types! In the light of these.figures
it is obvious that some sort of
coupling device is absolutely neces-
sary between the speaker and tube
to adjust these wide differences.

Two General Coupling Schemes

There are two -general types of
coupling in use. The first is by
means of a transformer placed be-
tween the speaker and the tube.
The primary of the transformer is
designed to conform to the plate
impedance of the tube, while the
secondary matches the impedance
of the speaker. The transformer
method is essential when using a
dynamic speaker, as it is impracti-
cal to use any other method, due to
the low impedance of the speaker’s

Fig. 3

Still another choke-coil coupling.

A discussion of the value of the
primary impedance will be under-
taken in a later paragraph. A dia-
gram of the transformer type of
coupling is shown in Fig. 1.

The second type of coupling
makes use of an A.F. choke coil
and a fixed condenser. The choke
coil is placed in series with the
plate lead of the output tube. The
size of this choke varies with the
type of tube used, but for the or-
dinary triode having a plate im-
pedance of two or three thousand
ohms a 15 or 20 henry choke should
‘be sufficient. A fixed condenser of
about 1 mf. should be connected to
the plate terminal of the tube. The
other side of this condenser is one
terminal for the loud speaker. The
other loud speaker terminal is taken
to the ground of the receiver. If
the receiver is operated from the
light line and the bias for the out-
put tube is secured by voltage drop
in a resistor connected in series
with the cathode of the tube and
ground better low note response will
be assured by returning the loud
speaker terminal to the cathode of
the output tube instead of to the

° Fig. 4. Fig. 5.
Pentode coupled by tapped choke. Push-pull coupling through choke.

peres in its plate circuit, it is not voice coil. The secondary of the ground. See Figs. 2 and 3 for
‘ necessary to protect the speaker transformer must have an imped- complete details. The output of
windings in this manner. ance equal to that of the voice coil. this type of coupling is suitable
)
4 2MFR N 2MF. N\
1 I/
L TO MAGNETIC
s SPEAKER
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SECTION
@
DYNAMI‘}
SPEAKER
FIG.6
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Operating two speakers at once.
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only for a speaker of fairly high
impedance, not less than 2000 ohms.
It is useful for this reason with
magnetic speakers and headphones.

When a pentode is used in the
output stage the most common
coupling method is to use a trans-
former. This transformer must have
a much higher primary impedance
than that used for a triode. If a
tapped choke is available the choke
method of coupling can be used.
The choke should be tapped orme-
third of the way from one end.
The total inductance of the choke
may be about 20 or 30 henries; the
plate of the tube should be con-
nected to the end of the choke
nearest the tap. The other end of
the choke goes to “B” plus. A
2 mf. condenser is connected from

the tap to one terminal of the
loud speaker. The other terminal of
the loud speaker goes either to

ground or cathode, as with the
triode tube. This method of coup-
ling for a pentode has been used
but little in this country but is very
popular in England. See Fig. 4.

Push-Pull Output

When the output stage is push-
pull .type it is also possible to use
either choke or transformer coup-
ling, Figure 5 illustrates a simple
method of coupling a magnetic type
speaker to the output of a push-
pull stage. See Fig. 5. This method
may also be used where a trans-
former is used in the output of
the amplifier. If the transformer
has a low-impedance secondary for
the voice coil of a dynamic speaker,
it is possible to add a magnetic
type speaker in this way. See Fig.
6

The methods of determining the
impedance of a transformer for the
output tube is quite involved, but
for triodes the usual value of the
load impedance is approximately
twice the value of the internal im-
pedance or A.C. plate resistance of
the tube. If a tube has an in-
ternal impedance of 1900 ohms the
load impedance will be about 3800
ohms. This is not an exact figure
but is close enough. In the case
of the pentode this relation does

not exist. The load impedance of a
pentode tube is always much less
than the fube’'s A.C. plate resist-
ance.

The following chart gives the rec-
ommended load impedances for a
number of generally used tubes. All
values are for use where the tubes
are operating at the plate voltages
mentioned. It is necessary oI course
that the correct grid bias be ap-
plied to the tube.

Load Impedance

Tube ohms Plate Volts
10 10200 425
12, 12-A 10800 180
20 6500 135
31 5700 180
33 700 135
38 13500 135
45 3900 250
45 4600 275
46 (Class A) 6400 250
46 (Class B) 5800 (for 2 tubes) 400
47 7000 250
50 4350 450
71, T1-A 5350 180

time, they are made in such a way
that the changes can be made easi-
ly. A bakelite strip 4 inches long
and 1 inch wide is equipped with
four binding posts and mounted on
the baseboard with brass angles.
Stiff pieces of wire (bus-bar) are
fastened on the coils and these
wires are secured in the four bind-
ing posts. The mounting strip is
shown in Fig. 4. In drilling this
strip, be very careful not to crack
the bakelite.

The remainder of the parts may
now be screwed into place oh the
baseboard as shown in the layout,
Fig. 5. Finally, the panel is fast-
ened to the baseboard with the
two wood screws and the set is
ready for wiring.

The binding post at the front of
the coil mounting strip, marked 1,
is at the *‘grid” end of the tuning
coil. It is connected to the sta-
tionary (fixed) plates of the tuning
condenser C1 by a piece of hook-up
wire. One end of the grid condenser
C2 is also connected to the binding
post 1. A wire is soldered to the
soldering lug on the condenser and
the other end is soldered to the
binding post. A third connection is
made from this same binding post
to the aerial terminal through con-
denser C5. This condenser is formed
of two brass angles mounted on
the baseboard, facing each other,
but not touching. There should be
a space of about 1/16 inch be-
tween them. The exact size of the
angles and the spacing between
them is not critical, so we may
use approximate dimensions.

A number of the wires of the set
are connectéd together and ground-
ed to the ‘Ground” binding post.
To facilitate making these connec-
tions, a machine screw is passed
through the baseboard, below bind-
ing post 2 of the coil mounting. A
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{Continued from Page 10)
connection is made to a soldering
lug under the head of the screw to
this post. By referring to the pic-
ture layout of the under side of the
set, Fig. 6, the wires connecting to
this screw may be readily seen. One
side connects from the rotary plates
of the tuning condenser Cl; another
from one of the terminals of the
rheostat R2; a third runs from the
bypass condenser C4, which is fast-
ened to the under side of the base-
board; still another wire connects
to one side of the condenser C3;
another connects to one of the F
binding posts on the tube socket
and the last wire runs from the
screw to the ‘‘Ground” binding post
of the set.

The remaining wires are as fol-
lows: The third binding post from
the front on the coil mounting is
wired to the remaining soldering
lug on condenser C3 and through
the baseboard to the back phone
terminal. The fourth post on the
coil mounting connects to the P
terminal on the tube socket. The
lug on the other side of the grid
condenser C2 is connected to the
terminal G on the tube socket
which is adjacent to it. A wire is
soldered to the other angle of the
condenser C5 and connects to the
aerial binding post. The front phone
terminal connects to one of the
soldering lugs on condenser C4
which is also connected to resistor
R3 with a wire through a hole in
the baseboard. The registor R3 is
equipped with three terminals. The
center one and one of the outer
terminals are used and the third
one is left open. The second ter-
minal on this resistor is soldered
to a wire which connects to the
right hand binding post at the rear
of the set.

The center binding post of the
three at the back of the receiver is
connected to one side of the rheo-
stat R2 and the left hand binding
post is connected to the other F
terminal of the tube socket. This
completes the wiring of the re-
ceiver. It is advisable to check the
wiring to be sure that all the wires
have been connected. This can be
done most readily by marking off
the wires on the diagram with a
colored pencil as the wires are
checked off.

The coil forms are made of short

lengths of two-inch tubing cut from
the eight-inch piece obtained. They
are all 1% inches .long, except the
largest, which is two inches long.
To cut the tubing, measure off the
1%-inch length with a ruler and
wrap a strip of paper several times
around the coil at the desired
point. Then with a pencil, a straight
line may be marked around the
tube. .
The lengths can then be cut off
with a hacksaw and the edges
smoothed off with a file. Two holes
are then drilled near the edges, di-
rectly opposite each other, to per-
mit the insertion of small screws
for holding the ends of the wire
and the mounting ‘legs.”” The legs
are simply pieces of stiff wire (bus-
bar) bent around the screws and
spaced to fit in the mounting strip
binding posts.

The coils are all wound with No.
22 double silk covered wire. All
the coils are wound in the same
direction, and each coil should be
centered on its form. There are
six coils numbered in the following
table according to the number of
turns.

45 turns

(Continued on Page 29)
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AERIALS FOR SHORT-WAVE

Why the Aerial Is Used

@ AT THE broadcasting station the
antenna  system (aerial and
ground) is used to create the elec-
tromagnetic radiations that we
call *“radio waves,” which travel
out into space. For this reason,
transmitting aerials are designed so
that a maximum amount of power
is radiated. At the receiving set,
on the other hand, the function of
the antenna is to act as a circuit in
which the passing waves from the
broadcasting station may be picked
up. The waves that make up the
signals from the transmitting sta-
tion cause corresponding high fre-
quency alternating currents to flow
up and down through the circuit
between the aerial and ground,
which really forms the plates of a
large condenser (like the plates of
the variable condenser in a set).
This effect is shown in Fig. 1.

Types of Antennas

A number of forms of antennas
have been devised for transmitting
and receiving,, some of which are
generally useful and others which
have special characteristics that
adapt them to a particular use.
However, we are not particularly
interested in the latter now, and we
will consider only those of general
use for short-wave reception.

Figure 2 shows three simple
forms of antennas. At the left is
the vertical type, consisting of a
single wire suspended vertically in
the air. This type of aerial re-
ceives equally well in all directions.
At the center of the illustration is
the T-type aerial, consisting of a
wire suspended horizontally with a
vertical connecting wire (called the
lead-in) at the central point. An-
tennas of this type receive best
from the two directions of the ends
of the horizontal wire. . At the
right of Fig. 2 is the inverted L-
type aerial, commonly used because
of the convenience of erecting it.
It receives best from the direction
of the lead-in. For most wave-
lengths, the directional effects of
these three aerials are not very

pronounced; however, on certain
wavelengths, especially on certain
very short ones, the directional
effect of the inverted L is quite
marked.

In Fig. 3 are shown two other
less common ‘types of aerials. The
Jleft one is the horizontal V-type,
which receives best from the direc-
tion of the lead-in. The other is
known as the umbrella type be-
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Ilustrating various simple types of
short-wave aerials suitable for re-
ceiving purposes.

cause of its resemblance to the
ribs of an umbrella. This type is
much less common than the others
because of its complicated struc-
ture. It is used more frequently
for transmitting, because of its low
resistance and also because it sends
equally well in all directions.

The Antenna lInstallation

Any attempt to set down rules
for making an aerial of deflnite di-
mensions would be foolish, as we
can all see. Every antenna instal-
lation presents different conditions;

thus it is perfectly easy to say
that the ideal aerial for general
short-wave reception is one b0 feet
long and 100 feet high, but it may
not be practical to follow these in-
structions because of the surround-
ing layout of buildings, etec. In
crowded locations, such as city
apartment houses where one en-
counters difficulties because of the
presence of other aerials and finds
no convenient support for the con-
templated one, the best judgment
must be exercised.

The writer has found that the
horizontal type of antennas are pre-
ferable to the vertical types. In
one particular case, it was found
that a horizontal 30-foot wire of
the T type would bring in stations
200 miles away with several times
the intensity possible with a ver-
tical wire of the same dimensions.

In building an aerial for our Be-
ginner's Short-Wave Set, it may be
found that greater signal strength
is obtained if we use a short
aerial of about 25 or 30 feet total
length for the two smallest tuning
coils. A few of us may also be
unfortunate enough to have trouble
in getting the set to oscillate on
certain parts of the dial with one
or more of the tuning coils. In
this case, if the length of the aerial
is changed slightly, this trouble
will disappear. The difficulty is
due to the natural wavelength of
the antenna being tuned to one of
the wavelengths at which we de-
sire to receive a station. In this
case, the aerial absorbs so much
energy from the set that it cannot
oscillate.

‘While we are talking about trou-
ble with our receiver, a few of us
may be unfortunately located quite
near a large broadcast station
operating on the broadcast band
and may have difficulty in tuning it

out. A simple but effective cure
for this interference is a wave
trap. The trap is simply a coil

and a variable condenser which will
tune to the wavelength of the
broadcast station. It is connected
in the aerial lead-in wire. A suit-
able coil which will tune over the
entire broadcast wave band con-
sists of 40 turns of No. 22 wire
wound on a coil three inches in
diameter. The condenser may be
any variable condenser of about
.0005 mf. (23 plates). Figure 4
shows how the wave trap is made
and connected in the aerial lead-in.
All that is necessary is to tune the
condenser slowly while listening to
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the receiver. At one point the
broadcast station will either dis-
appear entirely, or nearly so. So
much for the trouble in our set.
To return to the construction of
antenha systems, in Fig. 6 we find
two illustrations of a typical aerial
installation. At the left is shown
how NOT to do it and at the right
is illustrated the correct way. It
will be noticed that the correct
aerial is kept clear of all obstruc-
tions and that the lead-in is re-
moved from the building. The
aerial wire should be suspended as
far away from nearby electric light
and power wires as possible. If it
in a direction at right angles to
is practical, the wire should be run
such wires, also those of trolley
lines, electric railways, etc., from
which electrical disturbances might
be picked up. In this case the
lead-in should be taken off the end
furthest from the source of the
disturbance. o

We must also be careful to keep
the aerial away from metal roofs,
gutters, leaders, steel framework,
etc.,” since these grounded objects
absorb the radio energy and leave
very little for the antenna.

The Lead-In

As we explained in Fig. 5, the
lead-in wire should be kept some
distance from the wall of thé build-
ing. It must never be allowed to
touch the metal cornice or leader
at the edge of the roof, for these
are grounded. It is a good plan to
bring the aerial wire directly into
the set. In this way, no difficulty
is encountered with connections be-
coming loose or corroded. Figure 6
shows a method of bringing the
wire down at the.lead-in end with-
out making a joint.

Two systems for bringing the
lead-in wire ‘into the building are
commonly employed. The simplest
way is to bring it through the
nearest window, using a special in-
sulated lead-in strip which is sold
for the purpose. These strips con-
sist of a flat conductor about &%-
inch wide dovered with a fiexible

Do you know the best type
aerial for your sét.and your
location? Read this simple
explanation, * o " P o

insulating covering. The strip is
placed under-the' window so that it
will close.” The end of.the lead-in
is connected to the outside terminal
and a wire is connected to the in-
side terminal for the’ purpose 'of
connecting to the set. It is well to
solder the two wires to this strip
to prevent corrosion from increasing

the resistance of the aerial. This
method is illustrated in Fig. 7.
The other method that is used

to carry the lead-in into the build-
ing consists of a hollow porcelain
bushing similar to those used for
certain types of electrical wiring.
A hole is drilled through the wall,
slanting down to the outside, as
we can see by referring to Fig. 8.
The purpose of this down slant is
to prevent rain whater from enter-
ing the tube. The lead-in wire is
passed through this tube and is
connected directly to the set. Of
course, in brick buildings the latter
method is rather difficult, so the
window strip is more commonly
used. Another method is that
described by Mr. H. Gernsback,
which involves the wuse of two
small copper foil leaves glued
opposite each other on the window
glass.

The Ground Connection

For both the aerial wire and the
ground lead, a wire of not less than
No. 14 should be used. In order to
get good results, we must keep the
resistance of the antenna sysfem as
low as possible. It is a good plan
to use enameled wire so that the
wire will not become corroded, as
this would cause an increase in the
resistance.

The ground connection should
provide an electrical connection of
as low a resistahce as possible
to the earth, since the earth acts
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as one of the large plates formed
by the antenna system. We can
easily understand that if the ground
is not good, the aerial is not good
either. The importance of a good
ground connection cannot be too
strongly emphasized. -

A water pipe which forms part
of a water supply system installed
in the ground usually makes an ex-
cellent ground, since the pipe makes
a direct contact with the earth for
a long distance. It is well to note
that the water pipe grounds are
approved by the Board of Fire Un-
derwriters, as they are usually more
efficient than the average artificial
or homemade variety of ground con-
nections.

In making the connection between
the ground wire and the pipe, it is
advisable to use a ground clamp,
as a wire wrapped around the pipe
may become corroded and a poor
connection will result. A ground
wire connected to a simple strap-
type ground clamp is shown at the
left of Fig. 9. In order that we
may be sure of a good connection,
it is necessary to file or sandpa-
per any paint or rust from the
pipe. Another type of clamp that
is tightened by a screw to the pipe
is shown at the right of the illus-
tration.

When it is not possible to use
the water pipe, in places where the
water is not. piped to the house, a
copper plate, a bucket or other
large metal object may be sunk in
a well or cistern.

Another way is to bury a copper
plate about two feet square in
moist earth. In general, the greater
the number of well grounded ob-
jects that we can connect to the
ground lead, the better will be the
reception, especially on the very
short waves. This difference may
not be noticed particularly on the
nearby stations, but it will cer-
tainly be noticed in the reception
of distant stations.

A suitable approved lightning ar-
rester should always be used with
any aerial, as the Underwriters’
rules require it.

—
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Fig. 1—Type of mast

or
for ten years. 37x3"
wood, painted every
three years with gray
marine paint as a
protection against the
weather. Mast can be
held against the house
by lag screws into
studs or ordinary
bolts may be used.

Fig. 2 — Enlarged
view of the section
shown at Fig. 1,
showing corners of
mast cut to hold pul-
ley wire or rope.
Commercial type
hooks are available
in the chain stores
very cheaply; see fig-
ures  below. Iron
parts are best paint-
ed to give weather
protection.

Fig. 3—Top view of
the mast pulley-hook
and assembly. A good
pulley supporting
band can be made
from a regular ground
clamp. 8lip the pul-
ley eye over the bolt
used to hold it be-
fore the bolt is put
through the band it-
self.

Fig. 4—Two views of
the “'free end’”’ of an-
tenna system. The in-
sulators are especlal-
1y thin, for short-wave
requirments. No. 14
copper wire ties the
insulators togéther.
The wire is colled on
itself and soldered.
Tie wires should not
be longer than 6’7

Fig. 5—Assembly at
the extreme end of
the antenna. We see
the last of the three
insulators, the tie
wire connecting it to
the spring and the
tie wire joining the
spring with the eye
of the halyard.

Fig._6—Note careful-
1y how transposed an-
tenna leads are run
to the recelver; leads
pass through transpo-
sition blocks as shown
to prevent twlisting.
‘A" enters the block
at the upper rear,
while ‘B’ enters the
block from the upper
front side.

Fig. 7—Simple single
wire antenna with
transposed lead-in
taken from one end.
*“A’’ passes through
the TRP block and
joins directly to the
flat-top. “B"” ends
at the lower TRP
block and ‘‘A’ then
goes to the recelver.

GOOD
ANTENNA
DESIGN

By ARTHUR H. LYNCH

© SOMEONE has said that a good

antenna is as good as a stage of
radio frequency amplification. I
do not remember who made the re-
mark, but I do know that it was
intended to refer to broadcast re-
ception. It is even more apropos
of short waves and it is still more
desirable where television recep-
tion is desired. It is to be re-
gretted that most manufacturers
and practically all experimenters
have not given this important sub-
ject the attention it deserves. Per-
haps, to paraphrase the older quo-
tation, we might say that a good
antenna is the best and cheapest
form of amplification.

In general, a good antenna for
broadcast reception may not prove
very satisfactory for either short
waves or television. On the other
hand, an antenna which is suitable
for short wave reception is also
suitable for broadcast reception. We
will, therefore, consider the entire
proposition from the short wave
point of view.

Regardless of the particular type
of antenna we are to construct—
and there are a great many va-
rieties, it should be remembered
that it will give the best results if
it is as high and as long and as
free from surrounding objJects as
possible.

Another important consideration
of the antenna system, is that it
should be as thoroughly insulated
as possible. The insulators chosen
for this important part of the re-
ceiving system should be as free
from high-frequency losses as pos-
sible and should be designed to
avoid the accumulation of moisture.
It is sometimes thought that glaz-
ing of insulators accomplishes this
purpose. This is true, to an ex-
tent, but it is equally true that
very satisfactory insulating mater-
ials have their resistivity reduced
in direct proportion to the amount
of glazing applied to them. It
should also be remembered that,
though some special glass makes
highly desirable insulating material,
it is not cheap. When glass insu-
lators may be had for a few cents,
it may generally be assumed that
they are made of a quality of glass
which is not desirable for short
wave use. Some cheap glass con-
tains lead and it may be realized
that its resistivity is not very high.
Insulators made of cheap glass and
porcelain will work fairly well on

Fig. 8 — Shows the
“‘cage’’ type of anten-
na. It has great
“‘pick-up’* range
without being direc-
tional. Total length
about 75 ft., using
several insulator
spreaders as shown.
Weights keep the an-
tenna from swaying
and twisting.

Fig. 9 — Method of
connecting extreme
“‘cage’’ spreader to
the regular aerial in-
sulating system. Note

at two tie wires are
run in the form of a
bridle, from  the
grooves on the spread-
er to_the first anten-
na Insulator.

Fig. 10 — Absorption
is prevented by Keep-
ing the transpesed
lead-in  well away
from the building.
Two insulators are
secured to the end of
a 1%” x 1%’ pine
stick 3 to 4 ft. long,
supported by a shelf-
bracket.

Fig. 11—Typical ar-
rangement of dipole
antenna with trans-
posed ‘‘noise-elimin-
ating’”’  lead-in.

is almost useless to
employ one of the
newest ‘‘antl-static’”
shielded receivers,
unless you also use
one of these new
transposed lead-in ar-
rangements.

Fig. 12 — The Lynch
*‘All Wave’’ Automa-
tic Antenna Coupler.
which couples any of
the new antenna sys-
tems with transposed
lead-ins, to any re-
celver. Varlations in
wavelength are com-
pensated for by
changing the position
of the Lynch coupler
ingide the first RF
cozl of the receiving
set.

Fig. 13—This picture
shows how the author
mounted an aerial
mast on his house,
the mast being well
Dainted and lag-
screwed to the stud
or bolts may be used.

Fig. 14—A very good
design for a lead-in
board, which may be
made in two halves,
is here shown. The
lightning arrester can
be bought or made.
Two holes may be
drilled through the
window glass 1f de-

sired.
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the brdadcast wavelengths, but they

are not suitable for use where the -

best results are -.desired on the
short waves.
Considering, therefore, that we

have determined upon the type of

‘antenna which we are to use and
that we have found a suitable
place to install it as high and as

free from all surrounding objects as
possible, we are confronted with the
problem of getting all the energy
from the antenna to the receiver
itself, without permitting the lead-
in to pick up any interference.
This is accomplished very easily by
the use of a transposed iead-in.
The accompanying illustrations give
all the details. Keep the trans-

projection insulators, shown in Fig.
10.,

It is highly desirable, therefore,
to have the leads from the place
where entrance to the room is made
to the contact with the receiver
just as short as possible. If it is
impossible to keep these leads very
short, they should be transposed,
in just the same fashion as the out-
side portion of the lead-in. In
fact, more interference is picked-
up inside of apartment houses than
is picked up outside.

We now come to the important
matter of connecting the transposed
lead-in to the receiver itself. A
very ingenious scheme has been
developed for doing this job. It is

the result of the combination of
several coupling systems which have
been in use at several of the im-
portant commercial receiving sta-
tions for some time. The coupler
itself is shown in Fig. 2. It is
nothing more than a suitable mould-
ing which acts as the housing for
the antenna coupling coil and the
balancing resistance units which
make up the coupler proper. It
will slide right into almost any reg-
ular coil form and it requires no
adjustment for changes from one
wave band to another. The two
legs of the antenna are automati-
cally balanced by the action of the
metallized resistors, while the shift
from one wave band to another is
accomplished by securing the cor-
rect degree of coupling.

posed lead-in three or more feet
from the building, by means of the
Coil No. 4. 8§ turns
v e ¢
noo g T o»
The grid or ‘'tuning” coil is in-

serted in binding posts No. 1 and 2
of the coil mounting. The plate or
regeneration coil is inserted in
binding posts No. 3 and 4. The
coils can be used as either grid or
plate coils, but the following com-

THE BEGINNER’S SET

(Continued from Page 25)

the aerial and ground. The aerial
consists of a wire about 50 to 100

feet in length suspended on the
roof or in any other convenient
way. The ends of the wire must

be insulated by placing glass or

should be sandpapered so that a
good contact can be made.

Our set is now ready for opera-
tion. Turn the rheostat about half
way up and rotate the regeneration
control knob until the set goes in-
to oscillation. This is a phenome-
non easy to recognize by the click
and hissing sound after a certain
point is passed in turning the

binations are ' ordinarily employed:  Dorcelain insulators between the  y,oh  The point where oscillation
Meters Grid Coil Plate Coil  Wire and the support. The wire begins is the most sensitive operat-
190-100 No. 1 No.. 3 brought down from the aerial t0  jno point for the receiver. Now, if
100- 60 No. 2 No. 4 the set must be insulated as care- we turn thHe tuning dial slowly, re-
70~ 45 No. 3 No. 4 fully as the aerial itself, if good re- adjusting the regeneration control
50- 28 No. 4 No. 5 sults are to be obtained. to keep the set at the point of
28- 18 No. 6 No. § The ground consists of a wire oscillation, we will find the loca-
The next point in the installation wrapped tightly around the water tions on the dial for various sta-
of the set is the construction of pipe or steam pipe. The pipe tion.
p.liﬂ.er is shown in ’Fig. 4. The THE BEGINNER’S from e F post of the transformer
xsi"?ll?srigxitteo tlfg xx;(;Slsta.nce ampli- AMPLIFIER 1tor the bmdigg pos; at thefextreme
e evident. eft at the back (lookin rom the
Thé “Beginner’s” Amplifier (Continued from Page 13) front of the set).( Thisgis for the
Now. we will consider th b as convenient. Then mount the negative terminal (—43%) on the
T P e © e,ﬂ e prob-  hew tube socket between the de- “G" battery. Connect a wire fro
ng an amplifier to OUr  tector tube and the tuning con- T G G \ ¢ h ire lrom
one-tube set. denser, slightly to the right as tug (;{rr:unta (t)}r: tre amp;:ﬁer
First, we will need a few more  ghown. The socket terminals should o e Uy O URHE e
parts than we used in the first set. pe placed so that the G and P binding post, and one from the back
1 Audio transformer, Thordarson binding posts are to the back. Then pho?e :)055l to tile b::xttein;l binding
. R260. . drill four holes through the base- ptt): at ? X tr}:eme lrg L An-l
-prong tube socket, Pilot type  poard for the wires from the socket. (t)h er wire romd f VRS CIiRe
1 sz' 30 . Now that the parts are all in ria}:t-::n;exgionv;'n romtthci formex_-
ype tube, Triad. place, the wiring can be changed. g  binding post a'so con
1 4%-volt “'C” battery, Burgess First remove the wires that must nects to this right-hand post. This

Battery Co. type 2370.
1 Binding post, Eby Junior.

When the parts are all procured

the changes can be made. The
transformer is mounted at the
right-hand side at the back. To

place this unit, one of the binding
posts must be moved, as we used
as wide spacing as possible between
these terminals in the original set.
Half way between the two left-
hand binding posts, drill another
hole for the one that we removed
and the same distance to the left
of the extreme left-hand one, drill
another hole for the extra terminal.

Next, mount the transformer at
the point indicated in the photo-
graphs, with the terminals marked

P and B to the left. Then drill
four holes for the wires from the
fransformer terminals through the
baseboard, as close to the terminals

be changed. These consist of the
following: The wire from the plate
coil to the phone binding post is
removed. The wire from the other
phone terminal that was connected
to the .5-mf. condenser and the re-
generation control is removed. The
wires on the two remaining bat-
tery binding posts of the original
set are taken off, as they must be
shifted around.
Wiring the Amplifier

The wiring of the amplifier can
now be started. Connect a wire
from the plate coil and .00025-mf.
condenser to the P terminal on the
transformer. Now connect a wire
from the B terminal of the trans-
former to the oscillation control and
.5-mf. condenser. Next connect 2a
wire from the G binding post on
the transformer to the G post on
the amplifier tube socket, and one

is the connection made to the posi-
tive B’ battery terminal (+45).
The second battery post from the
right, looking back from the point
of the set, is the negative 'A,”
negative ‘“‘B” and positive “C”
(—A, —B, and +C). This terminal
is connected to the left terminal on
the filament rheostat, and was for-
merly the center of the three bat-
tery binding posts.

The third battery post from the
right is the ‘A" positive (+A)
and it is connected to the rear fila-
ment terminal on the detector
socket. An additional wire is now
run from this socket terminal to
the left-hand filament terminal of
the amplifier socket. The right-
hand filament terminal of the ampli-
fier is connected to the front fila-
ment terminal of the detector
socket.
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SOME THINGS YOU DON’T
KNOW ABOUT S-W AERIALS

@ FEW people realize what a pro-
nounced improvement in recep-
tion is had from the use of a prop-
erly designed short-wave antenna
system. It must be correctly laid
out, correctly built and correctly
installed in the proper place.

The best location for an antenna
is on or over vacant property. A
‘“back lot” antenna is superior to
one that is stretched across the
housetops. The unusually large net-
work of house-wiring, all of which
is directly, inductively or capaci-

By DON C. WALLACE

differ from the traditional. This ar-
ticle deals with the successful and
practical compromise of antenna
systems that are within the reach
of all.
The Size of Wire to Use

In order named are the practical
sizes of antenna wire which are
best suited for short-wave recep-
tion:

1. No. 6, No. 8 or No. 10 solid cop-
per. enameled wire for. the flat
top portion and No. 12 enam-

/ msuu:mw ——__
7

tong, No.
“‘feed line™’

copper  wire.

(each’ wire).

sition blocks.

Here is shown the typical *‘compro- 1
* short wave antenna system suit-
n’hln for covering the entire band of from

Each of the wires, Aland A2, is 33'6"
14 enameled ocopper. The
3 insulatora are of glass. Note the B 7. A
i down the center. & A
The feed line ulnlm of No. 14 enameled .
t is transposed ahout e
cvary' 15, inches with s THANBPOSL. 7 /
TION BLOCK, ss shown in the illus
tration to the right.
“feedera’” as they are called in short
wave practice, are to be 68 feet long
‘These feeders are spaced
2" apart and held in ptace by the transpo-~
In the antenns illustra-

comiag

tion “"P"" is 2 coupling coil which couples
the antenna to the receiver, 2 T
wire is removed from the receiver.

\

i

% 2N

The lead-in, or

Vg
.‘AKELI"

The ground o=

A typical short-wave aerial
tatively coupled with all of the
electrical devices in the city,

picks up noises which are inherent
in the wiring system but which
are not picked up a few yards
distant.

Too many treatises on antenna
systems deal with the subject in a
vague, general manner. Actual di-
mensions are left to guesswork. This
article gives exact dimensions, their
importance being such that the
success of short-wave reception de-
-pends upon them to a greater ex-
tent that the average experimen-
ter is aware of. A surprisingly
large number of new stations will
be heard if the proper short-wave
antenna system is used.

The dimensions and placement of
the antenna are more important
than the kind of wire used. The
ideal antenna wire is that of the
largest size, consistent with the
ability to erect and permanently
suspend it in the proper place. Con-
ditions too often do not permit the
use of large wire, neither will the
pocket book afford it. A compro-
mise must be made. Radio, in all
its branches, is a compromise , .
between convenience, cost, time, ease
of construction and
availability of material, knowledge
of the subject, inherent inhibitions
against things ‘“‘new’ or those that

using a transpepsi‘tiop .

operation,

lead-in.

eled wiré ‘for . the - feeder sys-
tem.

2. No. 12 solid
wire for both
feeder system.

3. No. 14 solid
wire for both
feeder system.

copper enameled
the fiat top and

copper enameled
the flat top and

Wire smaller in size than No. 14
is not strong, mechanically. It will
not permit of *“full stretching”’
when pulled taut. As a last resort
No. 16 enameled wire could be used
with perfectly satisfactory results.
In general it is suggested that No.
12 wire be used for spans of inore
than 100 feet and No. 14 for spans
of less than 100 feet. KEnameled
wire is the more practical to use.
Radio frequency currents have a
tendency to travel on the surface of
the wire. Bright new copper wire
would be best if it could be made
to retain its shiny finish. The R.F¥.
(Radio Frequency) currents travel
with minimum loss on a bright
surface, the antenna system radi-
ates with greatest ease, and maxi-
mum efficiency is the result. How-
ever, corrosion on the surface of
the wire will increase the resist-
ance to these minute R.F. currents
and within 48 hours the corrosion

will be so far advanced as to lower
the efficiency of the antenna.

In the early days of radio, Satur-
day was antenna cleaning day.
Several of the more enthusiastic
would lower the antenna and pol-
ish the wires with steel wool.
Steel wool was not pleasant to han-
dle and a pair of old leather gloves
was donned to prevent the fine
particles of steel wool from enter-
ing the flesh of the hands.

Theoretically, the corrosion of
copper wire, if sufficiently corroded,
is just as good an insulator as an
enameled coating. But too often
the corrosion is unevenly distri-
buted and, therefore, of uncertain
effectiveness. Consequently, enam-.
eled covered wire is ideal for a
short wave aerial.

Other coverings may be used,
such as rubber, weatherproofing,
paraffin cloth, cotton or silk, or any
other covering of a good insulating
quality.

The span of copper is all-import-
ant, the covering of the wire of
secondary importance. The cover-
ing for portable aerial of station
W6ZZA is a double layer of silk
cloth woven over a large number
of strands of carefully cut-to-size
loop wire. Both the flat' top por-
tion and the feeder system use this
kind of wire. One of the feeder
wires is green silk covered loop
wire, the other feeder is brown,
making it easy to prevent the
feeders from becoming entangled
when the portable aerial is erected
on a hotel roof after dark. This
flexible loop wire is not as good as
enameled wire but it permits of
speedy installation and enables the
operator to wind the antenna
around the lid of a cigar box when
it comes time to check out of the
hotel.

It is repeated that solid copper
wire is specified for short-wave
aerials. Stranded wire offers more
surface, lower resistance to the
R.F. currents on the broadcast
band. But it is not as good as
solid wire for short-wave reception.
This is because the higher fre-
quencies (short waves) alternate so
many times per second that certain
losses are introduced when uneven-
surfaced wire is used. The high
frequencies tend to jump from wire
to wire (stranded wire is twisted)
rather than to follow the twists of
the wire. Solid copper wire elim-
inates this ‘‘jumping” tendency,
thus making an easier path for the
flow of currents. Therefore, Solid
copper wire is recommended.
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These details may seem common-
place and ‘finicky” to some. But
it must be remembered that im-
provements and corrections in ra-
dio design multiply rapidly.

A 24089, Increase in Efficiency
If we make a 2% improvement

in the kind of antenna wire used, -

a 2% improvement in antenna in-
sulation, a 2% improvement in an-
tenna dimensions, a 2% improve-
ment in antenna placement, a 2%
improvement in antenna coupling
to the receiver, a 2% reduction in
noise pick-up, a 2% improvement
in receiver coil design, a 2% im-
provement in the tuning condenser,

a 2% improvement in the grid
leak, a 2% improvement in the
shielding, a 2% improvement in

the placement of the receiver in its
housing, a 2% improvement in the
radio frequency choke coil, a 2%
improvement in the tube and coil
sockets and contacts, we will then
have a total improvement 2x2x2x2x
2x2x2x2x2x2x2x2x2=2048%.

A 2% improvement in six of these
places, or 2x2x2x2x2=32%, will not
be perceptible to the human ear.
Individually, these 2% improvements
will result in no audible increase in
volume, individually they are of no
consequence. Collectively, the sum
total of 2048% is what counts. This
increase in efficiency will enable
you to hear more stations, from
more countries, with more volume
and with greater ease. It is evi-
dent, therefore, that these little 2%
increases, when multiplied, are of
far-reaching importance in the to-
tal effectiveness of the completed
receiver. Additional increases in
efficiency are gained from the
proper insulation of the antenna.

An antenna designed to deliver
utmost performance at a certain
frequency (wavelength) operates at
peak efficiency only if tuned to its
exact wavelength. At other wave-
lengths it does not deliver the
same efficiency. Improper or poor
insulation not only tends to distort
the actual dimensions of the an-
tenna but the antenna actually does
not know where it terminates. Poor
insulation is partly conductive.
Thus tHé antenna has no definite
terminating point. Like other things
in radio, there is a difference of
opinion as to the merit of wvarious
-well-known insulating materials and
‘the proper placement of the insu-
lation. In practice we cannot re-
sort to the last word in insulation
because it is awkward, expensive
and troublesome and the improve-
ment which it offers over and above
the accepted and commonplace
method of insulation is not of suf-
ficient importance to detract from
the effectiveness of the properly
designed all-around short-wave an-
tenna system.

Insulating Materials

The best insulating materials for
antenna are gilk, linen, cotton, or

woven .strands -of these materials.

They should be free from coloring :

because the base of all coloring is
of a conductive nature. When silk,
linen or cotton become wet the im-
purities in the material, plus the
natural impurities in the air, intro-
duce conductiveness and a conse-
quent lowering of the insulating
qualities of the material. The qual-
ity of insulation can be preserved
by boiling the material in vaseline.
In time the sun will melt the vase-
line and the useful life of our ‘‘per-
fect insulator’’ is from six months
to one year.

Obviously, this perfect insulator
is not practical and once more we
resort to the time-worn radio com-
promise by using glass for antenna
insulation.

Those who can afford to pay a
little more for better insulators are
advised to use PYREX. Good por-
celain, finely grained, well baked
and completely glazed, is the next
best thing to use. Glass is the
nearly perfect insulator and is an
ideal compromise for short-wave
antenna. Glass insulators can be
procured from your parts supply
house.

As a possible alternative a maple
dowel stick can be used. It should
be from 3" to %" in diameter, one
foot in length, boiled for an hour
or two in paraffin. Like the vase-
line-boiled linen insulator, these
dowel sticks are at the mercy of
the weather, dust and soot parti-
cles will accumulate on the dowel
surface and the effectiveness of the
insulator is then considerably re-
duced.

Portable W622ZA uses cotton
string for insulation. A ball of
string is thrown over an elevator
shaft or penthouse, hoisted to the
top of a flag pole or attached to
some other convenient support. Be-
cause the cotton string is used but
once it is not affected by rain or,
moisture and a negligible amount
of soot and dirt will accumulate
on its surface. Cotton string makes
a ‘perfect short-wave antenna in-
sulator, most convenient in its ap-
plication, will retain its insulating
qualities for an entire week. Given
a quick jerk it will break easily
and down comes the aerial. The
aerial .is then rolled over the lid
of a cigar box and thrown into a
suitcase when checking out of the
hotel. But this cotton string insu-
lation is intended for portable use
only.

.Glass, being our perfect compro-
mise for a permanent antenna in-
stallation, can be had in the form

of insulators 3” in length. The

standard Pyrex Glass insulator is
of that length. Longer glass in-
sulators can be used. ’

Points toWatch
when installing
S-W ANTENNAS

KEEP AWAY FROM

LIGHT AND
TELEPHONE WIRES

A
S~ A
4 w KEEP A AND A ==
AWAY FROM ALL
TRANS.  BLDGE., ROOFS, FIG.4
LEAD \N PIPES, ETC.
me
£16.2 BARE
conn.osuon ‘
NEW 48 HRS. LATER

TWICE AROUND @
r THE. CLOCK (48 HRS)

£ AND BARE WIRE HAS ENAM

LOST ITS FULL 5
EFFICIENCY BY "o
CORROSION

1
\N GENERAL UsE T !
N%.12 WIRE FOR
SPANS OVER 100FT.  100FT

Ne. 14 WIRE A |
FOR SPANS LESS i
THAN 100 FT.

FIG.3

BARE WIRE ~,

STEEL WOiL)

IN THE EARLY
DAYS OF RADIO
SATURDAY WAS
"AERIAL CLEANING
DAY ™" (DUE YO
CORROSION)

FIG. 4

SOLID WIRE BETTER FOR SHORT
WAVES TNAN STRANDED CABLE.
HIGH FREQUENCY CURRENTS
TEND YO JUMP FROM
WIRE TO WIRE

FIG. §

FI1G.6

BEST S-W INSULATORS.
1SOLANTITE (LYNCH YTRANSPOSITION
BLOCKS)

PYREX

GLASS ( IDEAL "COMPROMISE" )
PORCELAIN (COMPLETELY GLAZED )
MAPLE STICK (BOILED IN PARAFFIN')
COTYON STRING (USE ONLE. & REJECT)
USE COTTON ROPE (NOT WIRE)

PULLEY INSULATOR
<t ¥

P
AERIAL A

WEIGHY RISES AND

L FALLS AS WIRE AERIAL
CONTRACTS AND

/ EXPANDS.

<. USE SASH WEIGHTS;
DONT TIE ROPE TO
BOTTOM OF POLE.

FG.7
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LEARNING
THE
CODE

By JOHN L. REINARTZ

@ ONE of the greatest mysteries

to the uninitiated is how an am-
ateur can make head or tail out of
the jumble of dots and dashes that

he hears in the ear phones. When . P P
one has learned how to read these Illustrating correct position for gripping the key.
dots and dashes it is quite an ac- kind the student would be one who much too early in the game to try
complishment; to read them at had a hard time trying to remem- to do the sending, anyhow. You
great speed is an art. Sometimes ber which letter in the alphabet won’t be able to make the charac-
one meets an operator who can followed the preceding one or which ters so they will sound like what
read the code, read a book and letter preceded the one to follow. they are supposed to. Get some
carry on a conversation at the It was so bothersome that I finally one, even if it has to be your
same time. Edison was also one of hit upon the stunt of starting a sister.
these, All of us cannot be Edi- new student in to learn the alpha- ‘While you are looking for some
sons, so we won't be able to do all bet both forward and backward be- one to send to you, look over the
this at the same time, but we can fore he was allowed to sit in and International code and get an idea
learn how to read the code so listen to a transmission. what the letters become. You will
that we may be able to obtain an This is what I want you to do see that A becomes .— and B be-
operator’s license and also be able if you really wish to learn the code. comes —... C —.—. D —.. E .
to sit in and take our turn at the Go right after it; learn to say Z F ..—. G ——. and so on, dots
key and converse through the Y X WV Uas well as A BCD and dashes being used to indicate
ether. E, even to be able to go on both a letter, these dots and dashes are
During the great war it fell to forward and backward from any usually spoken of as dit and dah, so
my lot to teach the code to several letter that may come to your mind, you send A as dit dah, and B as

classes of. future radio men for like M, say M LK JIor M N O dah dit dit dit, and C as dah dit
Uncle Sam. This was a splendid P Q R and so on to the beginning dah dit and D as dah dit dit. The

experience and indicated to me why  or the end of the alphabet. When reason for this is that it really
some of us have such a hard time you are able to do that, it will be sounds that way when you listen
trying to get the hang of it. Time time enough to see what a key is to someone’s transmission, the dots
after time some student would be like. being very short and sounding like
able to get as far as 5 words per When the time comes when you dit, while the dashes are longer
minute and then be stuck, at times think you are ready to read the and sound like dah, depending
getting to the point of giving it up. code, get some one to do the send- somewhat on the tone of the sig-
At first it was a case of individ- ing for you. It is all too easy to nal.
ual mstructiqn to ge.t by this ] 5 learn how to send the characters Now that you are acquainted with
word per minute point, oply in that go to make up the letters of character A, go through the entire
some cases to have the thing re- the alphabet, much easier than it is alphabet and memorize the rest of
pgat itself at 7 or 8 words per to copy them down when they are them. When someone says C you
minute. Always in a case of this being sent by some one else. It is should be able to say —.—. dah
L/
INTERNATIONAL MORSE CODE AND CONVENTIONAL SIGNALS h
A o= R eame 9 emmmewems JPERIOD. . ________________ e se oo FROM (OE)_—____________ mes o
B emeas S ees O emewesemew |SEMICOLON__.._________=mesmemme INVITATION TO TRANSMIT 7}
toudl M o — (60 AMEAD) ____J —°T
e - o ' 00c= T(QEB.MAE.)._. WARNING ~HIGH POWER ___ ___ - =
£ V eeems Py g QUESTION (PLEASE REPEAT AFTER..)]
cow=. P X (SPANISH- INTERRUPTING LONG MESSAGES.__ 1 o °°
G emame X e=mceem _ SCANDINAVIAN) | WAIT____ emmsoe
) 0000 Y meom= (CH ememw—— BREAK (BK) (ODUBLE OASH)____ emesoam
1 oo Z wmamee {GERMAN - SPANISH) | BAR INDICATING FRACTION. ___smeomme UNDERSTANO_ _____________ecemme
J e ammm 1 E\ csamoe PARENTHESIS__..___. - o= = o - ERROR ______._____.___.___ 500000
K =memm |, o ERENCH)-___ | INVERTED COMMAS _ __ smoommo RECEIVED (0.K.)o— —_______ oame
L o=ee |3 N, oo emme= | UNOERLINE. ... somemom POSITION REPORT (TO PRECEDE
M == - SPANISH)____ | DOUBLE DASH._________. _mecomm ALL POSITION MESSAGES)___f  —
N ==o 3 d\ -— - = e DISTRESS CALL ________._..._ ecommammm eoe | END OF EACH MESSAGE (CROSS)__ eemomme
O eme=m= (5 mmcces (~(GERMAN) | ATTENTION CALLTOPRECEOEY) __ TRANSMISSION FINISHEO ==Y
P seammme 7 =wemoes l{ X EVERY TRANSMISS‘ON._.I C(END OF WORK ) CONCLUSION b cocamesm
Q mmim|f amcmmmoe (GERMAN) GENERAL INQUIRY CALL ___._ s Emesss ummmems OF CORIIESPONDENCE_._..E
[To BE USED FOR ALL GENERAL PUBLIC-SERVICE RADIO COMMUNICATION. (1) A DASN IS EQUAL TO THREE DOTS ; (2) THE SPACE BETWEEN PARTS OF
WORDS IS EQUAL TO FIVE DOTS ]

THE SAME LETTER IS
D . EQUAL TO ONE DO‘[rw(g) THE SPACE BETWESBN TWO LETTERS IS EQUAL TO THREE DOTS; (4) THE SPACE BETWEEN A
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dit dah dit and not have to stop
and think for a minute or more.
You won't be ready to listen to
any transmission until you are able
to associate these dit dah things
with the letter that they repre-
sent. You are now able to do two
things; say the alphabet over both
forward and backward and to trans-
form the letters into dit and dah.
Until you have mastered this part
of the job of learning the code do
not attempt to copy a transmission.

Unless you live way out some-
where you will find an amateur in
your town or city. If you have not
already made his acquaintance do
so at once; you will find him a
regular fellow whether he is four-
teen or forty. Tell him that you
are in need of someone to send the
code so that you may have practice
at receiving, ten to one he will
arrange that you will receive this
instruction. Be sure that who ever
will do this for you will start off
nice and slow. Two or three words
per minute is fast. At first it will
be necessary to have letters only
sent with lots of time in between
each letter. Get the hang of as-
sociating the dit dah with the let-
ter it represents. Write it down
as the letter and not as the char-
acter or dit dah. Do it the right
way while you are at it, otherwise
you will have to undo it at a later
date.

About the time you are able to
receive at the rate of 5 words of
5 letters each per minute, you will
have spent several weeks at two
hours a day, so if you are not
getting on any faster than that

do not feel bad, as it is the aver-
age rate of learning. In a month
you will do ten words per minute.
About that time it will be safe for
you to try your hand at the key.
You will ther know how a charac-
ter should sound. Do not slur the
dots and dashes. Make them dis-
tinct: allow the proper space be-
tween the dots and dashes. None
of us uses the same time interval;
that becomes part of the individ-
ual. Make the dash much longer
than the dot, three to four times.
It makes it sound lots nicer and it
will also be easier to read.

Do not make the mistake of run-
ning the words together. Remem-
ber that some one else has to read
what you send. As a rule the
shorter the space between the char-
acters themselves, the better the
whole sounds. Have the dot or
dash follow quickly. Make the dot
as short as you can, follow with a
short space and then make the dot
if one follows nice and short; if a
dash follows make it plenty long
at first. When you have attained
speed you will automaticaily cut
down on its length.

In case you are so located that
you are not able to get in touch
with an amateur and you have no
one who is able to send dots and
dashes for you, there is still a way
out. Look through the radio mag-
azines and find a device called the
Telepex, which consists of a clock
work which drives a tape contain-
ing the dote and dashes. This can
be run at any speed within rea-
son, both fast and slow. One or

BATTERY

ADJUSTABLE CONDENSEF A.F.
(OR FIXED) . —— TRANSFORMER
\
7]
/’ KEY
J
.001-MF. A
r
.00025-MF.
ANY.
TUBE [ PHONES
Fe. <
4 RHEDSTAT:
1
! ! | .o0e-mr.
! | Fixeo
—— | CONDENSER
finle -8~

L F'smz::l SR

[N\ il J4
Diagrams above show simplest buz-
zer code practice set; lower dia-
gram, more elaborate practice set.
more tapes can be purchased with
the device. When connected with
a battery it will teach you the code.
As the short or long characters
come under a finger it makes con-
tact with the metal over which the
paper runs. This closes a circuit
of battery and tube and we have
another sending device which does
not get tired.

coil between center and the “P”
end. This plate terminal of the
R.F. tube should be tried on these
various taps experimentally for
best results. Here the plate im-
pedance L1 is being used as an
auto-transformer. It will give
slightly greater sensitivity than the
circuit in Fig. 1, but entails extra
strain on the coil.

Another type of coupling which
makes use of a separate plate im-
pedance is illustrated in Fig. 3. It
will be seen that the plate system
of the R.F. tube is entirely sep-
arated from the grid circuit of the
detector. The plate impedance
should be an RF. choke. This choke
MUST have low distributed capac-
ity. It should preferably be wound
single layer; however, a sectional

DETECTOR COUPLING

(Continued from Page

23)
winding may be used, with at least
three sections. Quoting from an
article by R. William Tanner, writ-
ing in a past issue of SHORT
WAVE CRAFT concerning the con-
struction of such a choke, he
says:

“A very efficient choke can be

constructed by cutting six slots,
separated l-inch, in a 3%-inch
wooden dowel; these should be
about 3/16-inch deep. A total of

600 turns of No. 36 enameled wire
is required; 100 turns per slot.”
This circuit is highly efficient be-
cause the plate load more nearly
approximates the plate impedance
of the R.F. tube. L2 and L3 are
the plug-in grid and tickler wind-

ings.

Probably the most efficient meth-
od of coupling is to use inductive
coupling between the plate of the
R.F. tube and the grid of the de-
tector. This method is illustrated
in Fig. 4. There is no possibility
of leakage from the plate of V1
to the grid of V2. The primary,
L1, should have an impedance as
high as possible consistent with
good selectivity. The ideal méthod
would be to employ a one-to-one
ratio transformer. However, the
selectivity would be very poor, S0
the primary should have fewer
turns. The ratio of turns between
primary and secondary should be
approximately 3 to 5. At frequen-
cies above 10,000 kc., the ratio
should be about 4 to 7.

‘When using a screen grid or pen-
tode tube as a regenerative de-
tector, the inductive coupling meth-
od will give much quieter operation
than the other systems.

Figure 3 illustrates what is prob-
ably the best scheme of adjusting
frequency response. It consists of
a resonating system so designed
that it will be resonant towards
the upper end of the audio band.

A. F. AMPLIFIERS

{Continued from Page 23)
As the circuit is shunted across
the input to transformer A.F.-1,
the frequencies near the resonance
point of the trap circuit will be
by-passed to ground and hence will
not appear in the output of the
amplifier. By adjusting potentio-
meter Al it is possible to alter the
resonant frequency of the trap cir-
cuit. Low note response is boosted
by closing SW-3.

Push-pull circuits do not offer
any particular advantages in short-
wave work, as the amplitude of
signals is rarely sufficient to cause
overloading of a single type 45,
47 or 42 tube in the output stage.
If the receiver uses battery tubes,
such as 31, 33, 38, 41, it may be
advantageous to use push-pull or
even ‘‘push-push” (Class B) ampli-
fication in the output stage to se-
cure adequate undistorted output

for speaker operation.
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HOME-MADE ANTENNA

COUPLING CONDENSERS

By M. HARVEY GERNSBACK

@® ONE of the most important con-

siderations in the design of a
short wave receiver is the method
of coupling the set to the antenna
system. There are two coupling
methods generally in use, as most
fans know: inductive coupling and
cdpacitive coupling. For the pres-
ent we shall confine our attention
to a discussion of simple methods
of effecting a suitable coupling me-

ing and cutting out two pieces %X
2 inches; each piece should be bent
to form a right angle bracket. The
bend should be at a distance of
one inch from each end so that the
resulting pieces will be in the form
of right angle brackets with each
leg one inch long. In one piece
drill a hole in one of the legs to
pass a screw. The size of the hole
may be as desired to fit whatever
|

The short-wave fan will find
these home-made condensers
very efficient and the cost

practically nil.

and last of all a 3 inch piece of
brass tubing, with an inside diame-
ter slightly larger than the outside
diameter of the spaghetti tubing.

Two holes should be drilled in the
bakelite block, % inch from each
end to pass the two screws. Two
pieces of bus bar each 23 inches
long should be cut and two pieces
of spaghetti two inches long also.
A loop is made in one end of each
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Fig. 1, at left shows how to make an antenna coup-
ling condenser from old safety-razor blades.
design
use of two right-angle brass or other metal
bers, one of which is slotted for adfusting the capac-

Another simple and practical

dium by use of capacitance. All of
the methods discussed here are, of
course, only home made ‘gadgets,”
but they are all just as effective as
the ordinary midget variable con-
denser seen in a commercial out-
fit.

The first coupling device serves a
double purpose; it acts as a coup-
ling condenser and it is also the
answer to what to do with old
razor blades. The condenser con-
sists of two safety razor blades
mounted on top of each other with
an insulating spacer in between.
The blades should preferably be of
the new type with stampings in
them, The stampings can be used
for - passing screws through. The
blades used by the writer were
Gillette’s, but almost any type will
do. The blades should be spaced
about 1/16 of an inch apart and
one should be free to be rotated in
order to vary the capacity of the
unit (See Fig. 1).

Another simple condenser can be
constructed by taking two pieces
of aluminum, brass or copper sheet-

Fig. 2— condenser
involving the
mem- found
first-class

screw the constructor has on hand.
In the other piece a slot 3% inch
long with the ends of the slot 4
inch in from the ends of the leg
should be cut. The width of the
slot should be sufficient to pass a
screw the same size as the screw
to be used in the other bracket.
The two brackets should be mount-
ed as shown in Fig. 2. The capac-
ity can be varied by sliding one of
the brackets back and forth by
means of the slot in it. The il-
lustration should be self-explana-
tory. Do not make the brackets
any smaller than specified or the
capacity of the condenser will be
too small to secure good results.
Another type of condenser is real-
ly nothing more than the old ‘‘neu-
trodon,”” which was a familiar part
of the original neutrodyne sets of
nine years ago. A bakelite block
5 x % x 1/16 inches should be se-
cured; also six inches of bus bar
wire, six inches of spaghetti tubing
that will fit over the bus bar very
snugly, two small screws of half
inch length and nuts to fit them,

ity. Fig. 3 shows how to utilize the old neutralizing
principle.
type which can be made from odds and ends to be
in your ‘scrap-box.”
insulation.

Fig. 4—Still another simple

The base should be of

piece of bus large enough to pass
the screws. The spaghetti is then
slipped over the bus, completely
insulating it with the exception of
the loops. The rest of the con-
struction is illustrated in Fig. 3.
It is important that the distance
between the two pieces of bus is
about 14 of an inch.

The condenser illustrated in Fig.
4 consists of two right angle brack-
ets of brass with one leg % inch
long and the other two inches
long. The width of the brackets
may be 3% inch. In the 3 inch
legs a hole should be drilled for
passing a mounting screw. In the
two inch legs holes should be
drilled 14 inch from the end of the
legs. These last holes should be
tapped so that brass threaded rods
may be screwed through. On the
end of each rod a disc of copper °
or aluminum two inches in diame-
ter is soldered. The two discs form
the plate of the condenser and by
screwing or unscrewing the brass
rods the capacity may be altered.
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A PANEL MOUNTING S-W
COIL ASSEMBLY

Fig. 1—Plug-in coils can Just as

well as not be mounted in a handy

position such as between the tun-
ing dials, as here shown.

@® THE following method of mount-
ing a coil on the panel of a short
wave receiver was worked out after
the writer had almost jerked his
receiver off the table a number of
times when removing the plug-in-
coil with which it was equipped.

A new panel of aluminum was
procured along with several Pilot
coil forms, the kind with the ring-
hold, to facilitate handling.

First cut a hole in the upper cen-
ter of the panel, as shown in Fig.
1. This hole is one and seven-
eighths inches in diameter,

Next procure a piece of black
bakelite or celeron tubing two in-
ches in diameter and three inches
long. This is for the sleeve which
holds the coil socket assembly.
When in position it also acts as
dust shield, thereby keeping dust
from creeping into the set around
the coil opening.

A piece of three-sixteenths inch
hard rubber or bakelite, two inches
or so square is next procured, and,
lastly, a five-prong Pilot tube
socket.

Fig. 2 shows the mechanical de-
tails of construction.

(a) is the bakelite sleeve.

(b) is the short wave coil form,

(c) is the Pilot tube socket,

By W. G. WHEAT
This Method of Assembly

Facilitates Interchanging

Coils.

PULL HANDLE
OF CoiL

Fig. 2—shows side view of S-W
coil mounting assembly.

Fig. 3—shows a back view of the
coil socket assembly.

—e

The rings for removing the coils
from the receptacie may be made
in this way.

(d) is mounting bolt holding
socket to rubber ring—two
required.

(e) 1is the offset flange to streng-
then the sleeve where the
bolt passes through to hold
ring in position.

(f) is the hard rubber or bake-
lite ring cut to fit inside the
sleeve snugly.

(g) is one of the three metal
brackets which hold the
sleeve to the panel.

Fig. 3 shows a back-view of the
assembly.

Fig. 4 shows the socket mounting
ring. -

(h) is one of the threaded holes
in the ring. They should be
4-32 thread or smaller. In
drilling and tapping these
holes clamp the rubber or
bakelite, at these points, in
a vise and then proceed; this
prevents splitting the ma-
terial.

(i) is the hole to take coil socket
bolt.

(J) is the section cut out to fit
the upper portion of the
socket.

This type of assembly is very
handy and works nicely, eliminat-
ing the necessity of raising the 1ld
of the cabinet to remove the coil,

THE METER-KILOCYCLE CONVERSION CHART

@® THE conversion table on page 36

is highly accurate because it has
been worked out by the factor
299,820, Most tables used up to
this time are based on the factor
300,000 which introduces an error.

The table is entirely reversible—
for instance 100 meters is equal to
2,998 kilocycles or 2,998 meters is
equal to 10 kilocycles. Any quan-
tities not included in the table may

be read by shifting the decimal
point—to the left for wavelength
and to the right for frequency. The
shift is therefore in opposite direc-
tions.

The factor 299,820 is based on
the speed of a radio wave which is
the same as that of light, or 299,-
820,000 rneters per second. By drop-
ping the last three ciphers the an-
swer is given in kilocycles (thou-

sands of cycles) instead of cycles.
The frequency in cycles may eas-
ily be determined if the wavelength
is known, by dividing the latter
value into the factor 299,820, And
the wavelength in meters may be
calculated if the frequency in kilo-
cycles is Known by dividing the
frequency into the same factor,
(Prepared by Bureau of Stand-
ards, Department of Commerce.)
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Beorm | morke Rhcorm|morke fhcorm)imorke ) keorm | morke | kcorm | morke [ keorm | morke [ keorm | morke | heorm | morke | keorm | mor ke | ke orm | o or ke
10 | 29,982 1,010 | 296.6 | 2,010 | 149.2 [ 3,010 | 99.61 | 4,010 | 74.77 | 5,010 | 59.84 | 6,010 | 40.80 | 7,010 | 42. 77 | 8, 010 | 37 43 9,010 | 33,28
20 | 14,991 1,020 | 293.9 | 2,020 | 148.4 | 3,020 | 95. 28 | 4,020 | 74.58 | 5,020 | '59.73 | 6,020 | 49.80 | 7,020 | 42 71 | 8 020 | 37. 38 9,020 | 33. 24
30| 9,994 1,030 | 201.1 £ 2,030 | 147.7 | 3,030 | 98.95 § 4,030 | 74.40 | 5,030 | 39.61 } 6, 030 | 40,72 { 7,030 | 42. 65 | 8, 030 | 37. 3¢ 9,030 | 33. 20
40| 7 456 1,040 | 288.3 | 2,040 | 147.0 | 3,040 | 08 62 | 4,040 | 74.21 § 5,040-| 59,49 § 6,040 | 4. 64 | 7. 040 | 42. 50 | 8, 040 | 3720 9,040 | 33.17
S0 | S, 99 1,050 | 285.5 |} 2,050 | 146.3 | 3,050 | 98.30 | 4,050 | 74 03 | 5,050 | 5937 | 6,050 | 40,56 | 7, 050 | 4253 | 8, 050 | 37, 24 9,050 | 33,13
60 | 4,997 1,060 | 282.8 1 2,000 | 145.5 | 3,060 | 07.98 | 4,060 | 73.85 | 5,060 | 59.25 | 6,000 | 40.48 | 7, 060 | 42. 47 | 8, 060 | 37. 20 9,000 | 33. 00
70 | 4,283 1,070 | 260.2 | 2,070 | 144.8 | 3,070 | 07.66 | 4,070 | 73.67 | 5,070 | 59.13 | 6,070 | 49. 30 | 7 070 [ 4241 | 8. 070 | 37 15 9, 070 | 83. 06
80| 3,748 1,080 1 277.6 | 2,080 { 1441 § 3,080 | 07. 34 | 4,080 | 73.45 | 5,080 | 50,02 } 6,080 | 49.31 § 7. 080 | 42. 35 | 8, 080 | 37, 11 9,080 | 33.02
90| 3,33 » 090 | 275.1 12,000 | 143.5 | 3,000 1 97.03 | 4,090 | 7331 | 5,090 | 58 90 | 6,000 | 4. 23 | 7000 | 42.20§ & 000 | 37. 06 9,000 | 32 98
100 2,998 1,200 | 272.6 § 3,100 | 142.8 [ 3,100 | 96.72 | 4,100 | 73.13 | 5,100 | 58.79 | 6,100 | 49.15 | 77100 | 42.23 | 8100 | 37, 01 9,100 { 32 9§
10] 2,726 1,110 1 270.1. 1 2,110 | 142.1 1 3,110 | 96.41 | 4,110 | 72.95 | 5,110 | 58.67 | 6,110 | 40.07' | 7,110 | 42.17 | 8,110 | 36. 07 9,110 | 32.91
120 | 2,499 1,120 | 267.7 § 2,120 | 141.4 | 3,120 | 96.10 { 4,120 | 72.77 | 5,120 | $8.56 | 6, 120 {48 0o | 7120 | 42.11 | 8120 [ 36 02 | 9 120 | 32 88
130 | 2,306 1,130 | 265.3 | 2,130 | 140.8 | 3,130 | 95.79 [ 4,130 | 72.60 | 5,130 | 5844 | 6/130 | 48.01 | 7,130 | 42.05 | 8130 | 36.88 | 9,130 | 32 84
140 | 2,142 1,140 ] 263.G | 2,140 | 140.1 13,140 | 9548 | 4,140 [ 72.42 | 5,140 | 5833 | 6,140 | 4883 | 7/ 140 | 41.90 | 8 140 | 36, 83 9,140 | 3. 80
150 | 1,999 1,150 | 260.7 | 2,150 | 130.5°1 3,150 | 95.18 | 4,150 | 72.25 | 5,150 | 58.22 | 6,250 | 48.75 | 7,150 | 4103 | 8,150 [ 3670 | o 150 |32 77
160 | 1,874 1,100 | 258.5 § 2,160 | 138.8 | 3,160 |-94.88 | 4,160 | 72.07 | 5,160 | 58.10 ] 6,160 | 48.67 | 7,160 | 41.87 | 8,160 | 36.74 | 9,160 | 32.73
170 | 1,764 1,170 1 256.3 1 2,170 | 138.1 13,170 [ 94 58 | 4,170 ( 71.90 | 5,170 | 57.99 1 6,170 { 48.50 | 77170 | 4182 | 8/170 | 36.70 | 9 170 | 3270
180 666 1,180 254 1 | 2,180 | 137.5 | 3,180 | o4 28 | 4,180 | 70.73 | 5,180 | 57,88 | 6,180 | 48 51 | 7/ 180 | 41.76 8,180 [ 36.65 1 9,180 | 32 66
190 | 1,578 1,100 | 552.0 2,190 | 136.9 1 3,190 | 03.99 § 4,190 | 71.56 1 5,190 | 57,77 | 6:190 | 48.44 | 7,100 | 41.70 | 8 100 | 36.61 | 9, 100 32.62
200 | 1,499 1,200.| 249.9 | 2,200 | 136.3 13,200 | 93.69 § 4,200 | 71.39 | 5,200 | 57.66 | 6, 200 | 48 36 | 7. 200 | 41, 64 | 8. 200 | 36. 56 9,200 | 32. 50
210 1,428 1,210 | 247.8 1 2,210 | 135.7 1 3,210'| 93.40 f 4,210 | 71.22 [ 5,210 | 57.55 | 6,210 | 48 28 | 7,210 | 41. 58 | 8, 210 | 36. 52 9,210 | 32.55
220 | 1,363 1,220 [ 245.8 | 2,220 | 135.1 | 3,220 | 93.11 | 4,220 | 71.05 | 5,220 | 57.44 | 6/220 | 48.20 | 7,220 | 41.53 | 8,220 | 36.47 | 9,220 | 32 52
230 | 1,304 1,230 | 243.8 | 2,230 | 134.4 | 3,230 | 02.82 § 4,230 | 70.88 | 5,230 | 57.33 | 6,230 | 48. 13 § 7,230 | 41.47 | 8,230 | 36.43 | o230 | 32,48
240 | 1,240 1,240 | 241.8 12,240 | 133.8 | 3,240 | 02.54 | 4,240 | 70.71 |- 5,240 | 57.22 } 6, 240 | 48. 05 | 7,240 | 41. 41 | 8. 240 | 36. 39 9, 240 | 32. 45
250 | 1,199 1,250 | 239.9 | 2,250 | 133.3 § 3,250 | 02.25 [ 4,250 | 70.55 § 5,250 | 57.11 | 6,250 | 47. 07 | 7,250 | 4135 | 8,250 | 36 34 | 9250 | 32 41
260 | 1,15 1,260 | 238.0 | 2,260 | 132.7 | 3,260 | 91.07 | 4,260 | 70.38 { 5,260 | 57.00 | 6,260 { 47.80 § 7,260 | 41.30 | 8,260 { 36.30 | o, 200 | 3238
270 | 1,110 1,270 [ 236.1 § 2,270 | 132°1 1 3,270 | 91.69 | 4,270 ( 70.22 | 5,270 | 56.80 § 6,270 | 47.82 | 7.270 | 41.24 | 8,270 | 36.25 | 9,270 | 32, 34
280 | 1,071 1,280 | 234.2 | 2,280 | 131.5 | 3,280 | 91. 41 | 4,280 | 70.05 § 5,280 | 56.78 | 6,280 | 47.74 | 7,280 | 41.18 | 8, 280 | 36.21 | o, 280 | 32 31
290 | 1,034 1,200 | 232.4 [ 2,200 | 130.9 13,290 | 0113 | 4,290 | 69.89 | 5,200 | 56.68 | ¢, 200 | 47.67 | 7,200 | 41,13 | 8,200 | 36.17 | o, 200 | 32,27
300 909, 1300 | 230.6 | 2,300 | 130.4 | 3,300 | 00.86 ] 4,300 | 69.73 | 5,300 | 56.57 | 6,300 | 47.50 | 7.300 | 41.07 | 8300 | 36 12 § 9,300 | 32, 24
310 967.2 11,310 | 228.9 | 2,310 | 129.8 | 3,310 | 90.58 | 4,310 | 69.56 | 5,310 | 56.46 | 6,310 | 47.52 | 7,310 [ 41.02 | 8,310 | 36,08 | 9, 310 32. 20
320 936.9 11,320 | 227.1 | 2,320 | 129.2 | 3,320 | 90.31 ] 4,320 | 69.40 | 5,320 | 56.36 | 6,320 | 4744 | 7,320 | 40.06 | 8,320 | 36, 04 § o 320 | 3217
330 908.6 | 1,330 | 225.4 1 2,330 | 128.7 | 3,330 | 90.04 | 4,330 | 69.24 | 5,330 | 56.25 | 6,330 | 47.36 | 7,330 | 40.00 | 8,330 [ 35,00 § 9,330 | 32 14
340 881.8 | 1,340 | 223.7 | 2,340 | 128.1 ] 3,340 | 89.77 | 4,340 | 60.08 | 5,340 | 56.15 § 6, 340 | 47. 20 7,340 | 40.85 | 8,340 | 35.95 | 9,340 { 32.10
350 856.6 § 1,350 | 222.1 1 2,350 | 127.6 } 3,350 | 89.50 } 4,350 | 68.92 | 5,350 | 56.04 { 6,350 | 47.22 | 7,350 [ 40.70 | 8,350 | 35,01 | 9,350 | 3% 07
360 832.8 | 1,360 | 220.4 | 2,360 | 127.0 § 3,360 | 80.23 1 4,360 { 68.77 | 5,360 | 55.94 | 6,360 | 47. 14 | 7,360 | 40.74 | 8,360 | 35.86 | 9,360 { 32 03
370 810.3 ] 1,370 | 218.8 | 2,370 | 126.5 13,370 | 88.97 | 4,370 | 68.61 } 5,370 | 55:83 [ 6,370 | 47.07 | 7370 | 40. 68 | .8, 370 | 35 82 , 370 | 32.00
380 780.0 § 1,380 | 217.3 § 2,380 | 126.0 | 3,380 | 88.70 | 4,380 | 68.45 | 5,380 | 55,73 | 6,380 | 46,90 | 7,380 | 40.63 § 8,380 [ 35.78 | 9 380 { 31 o6
390 768.8 1 1,390 | 215.7 | 2,390 | 125.4 } 3,390 | 88.44 | 4,390 | 68.30 | 5,300 | 5563 § 6,390 | 46.92 | 7,390 | 40.57 | 8 300 | 35,74 9,390 | 31. 93
400 749.6 1 1,400 | 214.2 §.2,400 | 124.9 | 3,400 | 88. 18 | 4,400 | 68.14 | 5,400 | 5552 | 6, 400 | 46.85 | 7, 400 | 40.52 8,400 | 35.69 | 9,400 | 3L %0
410 7313 1,410 | 212.6 | 2,410 | 124.4 § 3,410 ( 87.92 | 4,410 | 67.99 { 5,410 | 55.42 § 6,410 | 46.77 | 7,410 | 40. 46 | 8,410 | 3s.65 | 9,410 | 51. 86
420 713.9 § 1,420 | 2111 | 2,420 | 123.9 § 3,420 | 87. 67 | 4,420 | 67.83 | 5,420 | 8532 | 6,420 { 46.70 | 7,420 | 40.41 { 8,420 | 3561 | o 420 | 31.83
430 6973 | 1,430 | 209.7 ] 2,430 | 123.4 | 3,430 | 87.41 | 4,430 | 67.68 | 5,430 | 5522 } 6:430 | 46.63 | 7,430 | 40.35 | 8,430 ( 35.57 § o 430 | 31.70
440 6814 | 1,440 | 208.2 | 2, 122.9 13,440 | 87.16 | 4,440 | 67.53 | 5,440 | 55.11 | 6,440 | 46.56 | 7440 | 40.30 | 8,440 | 3552 | 9, 440 | 31. 76
450 660.3 | 1,450 | 206.8 | 2,450 | 122. 4 | 3,450 | 86.00 | 4,450 | 67.38 | 5,450 | 55.01 § 6,450 | 40.48 | 7,450 | 40.24 | & 450 | 35.48 | 9 450 | 3173
460 651.8 § 1,460 | 205. 4 | 2,460 | 121.9 | 3,460 | 86.65 | 4,460 | 67.22 | 5, 4 54.91 | 6,460 | 40.41 | 7,460 | 40.19 1 8,460 | 35.44 | 9,460 | 31. 60
470 637.9 11,470 | 204.0 | 2,470°| 121.4 1 3,470 | 86.40 | 4,470 | 67.07 { 5,470 | 5481 | 6,470 | 46.34 | 7470 | 40.14 [ 8,470 | 35,40 | 9470 ( 31 66
430 €24.6 | 1,480 1 202. 6 | 2,480 { 120.9 | 3,480 | 86. 16 | 4,480 | 66.92 | 5,480 | 5471 | 6,480 | 46.27 | 7,480 [ 40.08 | 5,480 | 35.36 | o 480 | 31, 63
490 611.9 11,490 | 201. 2 | 2,490 | 120. 4 | 3,490 | 85.01 | 4,490 | 65.78 | 5,490 | S 61 | 6,400 | 4620 | 7 490 | 40,03 | 8 490 [ 35 11 9,490 | 31,50
500 $99.6 11,500 [ 199.9 | 2,5001 1199 § 3, 85.06 | 4,500 | 66.63 | 5,500 | 5451 § 6,500 | 46.13 [ 7,500 | 39.98 | 8,500 | 35.27 | 9. 500 | 31 56
sto 587.9.11,510 | 198.6 } 2,510 | 110.3 § 3,510 | 85.42 | 4,510 | 66.48 | 5,510 | Sa. 41 § 6,510 | 46.06 | 7,510 | 30.92 | 8,510 | 35.23 | 9,510 | 31. 53
520 576.6 £1,820 | 197.2 | 2,520 | 119.0 f 3,520 | 8518 | 4,520 | 66.33 | 5,520 | 54.32 [ 6,520 | 45.98 | 7/520 | 30.87 | 8,520 | 35.19 | 9. 520 | 31 40
$30 565.7 11,530 | 196.0 2,530 | 118 5 § 3,530 | 84.94 } 4,530 | 66.19 [ 5,530 | 5622 | 6,530 | 45.91 | 7.530 | 30.82 | 8/530 | 35.15 | o530 | 31 46
540 585.2 11,840 | 1047 | 2,540 | 118.0 | 3,540 | 84.70 [ 4,540 | 66.04 | 5,540 | 5S¢ 12 | 6,540 | 45.84 | 7,540 [ 30.76 | 8,540 | 35. 11 | 9S40 | 31 43
850 545.1 §1,550 | 193. 4 § 2,550 | 117:6 | 3,550 | 84.46 | 4,550 | 65.89 | 5,550 | 54.02 | 6,550 | 45.77 | 7,550 | 30,71 [ 8/s50 | 3507 | 9550 | 31 30
560 835.4 11,560 | 192.2 | 2,560 | 117.1 | 3,560 | 84 22 | 4,560 | 65.75 | 5,560 | 53.92 | 6,560 | 45.70 | 7,560 | 39. 66 | 8,560 | 35.03 | 9,560 | 31.36
'$70 5260 411,570 | 101.0 | 2,570 | 116.7 } 3,570 | 83. 98 | 4,570 | 65.61 | 5,570 | 53.83 | 6,570 | 45.63 | 7,570 [ 30,61 | 8,570 | 34.08 | o 570 | 31,33
580 510.9 41,580 | 189.8 | 2,580 | 116.2 | 3,580 | 83.75 | 4,580 | 65.46 | 5,580 | 53.73 § 6,580 | 45.57 | 7. 580 | 3055 | 8,580 [ 3¢ 04 | 9 580 | 31,30
590 $08.2 | 1,500 [185.6 | 2,500 | 115.8 | 3,590 | 83.52 [ 4,500 | 63.32 § 5,500 | 53.6¢ | 6,500 | 4550 | 7500 | 39.50 { 8 500 | 34.00 | o 500 | 31 26
600 499.7 11,600 1 157.4 § 2,600 | 115.3 13,600 | 83.28 | 4,600 | 6518 | 5,600 | 5354 | 6,600 | 45.43 | 7. 600 | 30, 45 8,600 | 34.86 | 9,600 | 31 23
610 4oL S 11,610 | 186.2 | 2,010 | 114 9 | 3,610 | 83.05 | 4,610 | 65.04 | 5,610 | 53.44 § 6,610 | 45.36 | 7,610 { 30.40 § 8,610 | 34.82 | 9,610 | 31. 20
620 483. 6.0 1,620 | 185.1 | 2,620 | 114.4 | 3,620 | 82.82 | 4, 620 | 64. 90 5,620 | 53.38 , 620 | 45.29 [ 7,620 | 39.35 | 8,620 | 34 78 9,620 | 31,17
630 475.9 1,630 1 183.9 | 2,630 | 114:0 ] 3,630 | 82.60 | 4,630 | 64.76 | 5,630 | 53.25 | 6,630 | 45 22 | 7,630 | 39.20 | 8,630 | 34. 74 |- 9,630 | 31. 13
640 468.5 | 1,640 | 182.8 | 2,640 | 113.6 | 3,640 | 82.37 | 4,640 | 64.62 | 5,640 | 53. 16 | 6,640 | 45.15 | 7, 640 | 30. 24 | 8, 640 | 34.70 9,640 | 31, 10
650 461.3 § 1,650 | 181.7 ] 2,650 | 113.1 {3,650 | B2.14 | 4,050 | 64. 48 | 5,650 | 53.07 | 6,650 | 45.00 | 7,650 | 30. 10 | 8, 650 | 34. 66 9,650 | 31,07
660 454.3 | 1,000 | 180. 6 | 2,660 | 112.7 £ 3,660 | 81.92 | 4,660 | 64. 34 | 5,660 | 52.97 § 6,660 | 45 02 | 7,660 | 39. 14 | 8,660 | 34.62 | 9,660 | 31. 04
670 | 447.5 ) 1,670 | 179.5 | 2,670 | 1123 | 3,670 | B1.70 | 4,670 | 64.20 | 5,670 | 52.88 | 6,670 | 4495 | 7,670 | 30.00 | 8,670 { 34 58 | o 670 | 31 01
680 440.9 11,680 | 178.5 | 2,680 | I11.9 | 3,680 | 81.47 § 4,680 | 64.06 | 5,680 | 52.79 § 6,680 | 44.88 | 7,680 | 39. 04 | 8,680 | 34.54 | 9, 680 | 30, 07
690 4365 | 1,600 | 177.4 § 2,690 | f11.5 13,690 | 8125 | 4,600 | 63.93 | 5,600 | 5260 | 6,696 | 44.82 | 7 690 | 38 99 | 8, 690 | 34. S0 9,690 | 30. 94
700 428.3 11,700 [ 176.4 | 2,700 [ 111.0 | 3,700 | 81.03 | 4,700 | 63.79 | 5,700 | 52. 60 | €, 700 | 44,75 7,700 (13894 § 8,700 | 34.46 | 9,700 [ 30.91
710 4223 1710(175.3 12,718 | 1106 | 3,710 | 80.81 { 4,710 | 63.66 | 5,710 | s2. 51 6,710 [ 44.68 | 7,710 [ 38.80 | 8,710 | 34 42 ] 9,710 | 30.88
720 416.4 1 1,720 | 174.3 | 2,720 | 110.2 § 3,720 | 80.60 | 4,720 | 63.52 | 5,720 | 52.42.| 6,720 | 44.62 | 7,720 | 38.84 | 8,720 | 34.38 | 9,720 | 30 85
730 410.7 11,730 | 173.3 § 2,730 | 109.8 | 3,730 | 80.38 | 4,730 | 63.39 | 5,730 52.32 | 6.730 | 44 55 | 7,730 | 38.70 | 8730 | 3434 § 9,730 | 30, 81
740 405.2 | 1,740 } 172.3 | 2,740 | 100.4 | 3,740 | 80.17 | 4,740 | 63.25 1 5,740 | 52.23 | 6,740 | 44.48 | 7,740 | 38 74 | 8,740 | 34.30 | 9 740 | 30,78
750 399.8 | 1,750 [ 171.3 | 2,750 | 109.0 § 3,750 | 79.95 | 4,750 | 63.12 | 5,750 | 52.14 ] 6,750 | 44.42 | 7,750 | 3% 60 | 8,750 | 34.27 | 9,750 | 30.75
760 394.5 ] 1,760 | 170.4 § 2,760 | 108.6 | 3,760 ( 70.74 § 4,760 | 62.99 § 5,760 | 52.05 | 6,760 | 44.35 { 7,760 | 38.64 | 8,760 | 34.23 } 9,760 | 30. 72
770 380.4 11,770 | 169. 4 ) 2,770 | 108.2 | 3,770 | 79.53 | 4,770 | 62.86 | 5,770 | $1.96 | 6,770 | 44.29 | 7,770 | 38.50 | 8,770 | 34.10 | o.770 | 30 60
780 384.4 | 1,780 | 168.4 | 2,780 | 107.8 § 3,780 | 79.32 | 4,780 | 62.72 | 5,780 | 51.87 | 6,780 [ 44.22 | 7,780 | 3854 | 8,780 | 34 15 | 9 780 | 30 66
790 379.5 | 1,700 | 167.5 | 2,790 | 107. 5 | 3,790 | 79.11 | 4,790 | 62.50 15,790 | 31.78 | 6,790 | 44.16 | 7,790 | 38.49 | 8,790 | 34.11 } o 790 | 30, 63
800 374.8 § 1,800 | 1666 | 2,800 | 107.1 | 3,800 | 78.90"| 4,800 | 62.46 | 5,800 | st.60 | 6,800 | 44.09 | 7,800 | 38 44 | 8,800 | 34.07 | 9. 800 | 30, 50
810 370.2 § 1,810 | 105, 6 § 2,810 | 106.7 | 3,810 | 7869 § 4,810 | 62.33 | 5,810 [ 51.60 | 6,810 | 44.03 | 7,810 | 38 30 | 3,810 | 3403 | 9,810 | 30 56
820 365:6 11,820 | 164.7 } 2,820 | 106.3 | 3,820 | 78.49 | 4,820 | 62.20 | 5,820 | 51.52 | 6,820 | 4396 | 7,820 | 38,34 | 8,820 | 33. 99 9,820 | 30.53
830 361.2 11,830 | 163. 8 | 2,830 | 105.9 § 3,830 | 78.28 { 4,830 | 62.07 | 5,830 | 51.43 | 6,830 | 43.90 | 7,830 | 38.20 | 8,830 | 33 05 | o 830 | 30, 50
840 356.9 11,840 | 162.9 |.2.840 | 105.6 | 3,840 | 78,08 | 4,840 | 61.95 | 5,840 | SL. 34 | 6 43.83 | 7,840 | 38.24 | 8,840 | 33.02 | 9,840 | 30, 47
850 352.7 §11,850 | 162.1 } 2,850 | 105.2 § 3,850 | 77.88 | 4,850 | 61.82 | 5,850 | 51.25 § 6,850 | 43.77 | 7,850 | 38.19 | 8,850 | 33.88 | 9, 850 | 30. 44
860 348.6 | 1,860 | 161.2 1 2,860 | 104.8 | 3,860 | 77.67 | 4,860  61.69 [ 5,860 | 51.16 | 6,860 | 43.71 | 7,800 | 38. 14 | 8,800 | 33.84 | 9,860 | 30.41
870 344.6 | 1,870 | 160. 3. | 2,870 | 104.5 | 3,870 | 77.47 | 4,870 | 61.56 | 5,870 | 51.08 | 6,870 | 43.64 | 7,870 | 38. 10 | 5,870 | 33.80 | o, 870 | 30 38
880 340.7 11,880 | 150.5 | 2,880 | 104. 1 | 3,880 | 77.27 1 4,880 | 61.44 | 5,880 | 50.99 | 6,880 | 43.58 | 7,880 | 38 05 | 8,880 | 33.76 | o, 830 | 30, 35
890 336.9 | 1,800 | 158.6 § 2,890 | 103.7 | 3,800 | 77.07 | 4,890 | 61.31 | 5,890 | 50.90 | 6,890 | 43.52 § 7,890 | 38.00 | 8,890 | 33,73 | 9,890 | 30,32
900 333.1 11,900 | 157.8 | 2,900 | 103. 4 13,900 | 76.88 | 4,000 | 61..19 | 5,000 | 50.82 | 6,000 | 43.45 | 7,000 | 37.95.] 8,900 | 33.60 | 9,900 | 30,28
910 320.5 11,010 | 157.0 2 2,010 | 103.0 | 3,910 | 76.68 | 4,910 | 61.06 | 5,910 | 50.73 [ 6,010 | 43.30 | 7,010 [ 37.00 | 8,010 | 33.65 | ¢, 010 30 25
920 325.9 11,920 | 156.2 | 2,920 | 102.7 | 3,920 | 76,48 | 4,920 | 60.94 § 5,920 | 50.65 } 6,920 | 43.33 § 7,920 | 37.86 § 8,920 | 3361 § o, 020 | 30, 22
930 322.4 11,930 | 155.3 | 2,930 | 102.3 §3,930 | 76.29 | 4,930 | 60.82 | 5,930 | 50.56 | 6,930 | 43.26 | 7,930 | 37.81 | 5,030 | 33.57 | o 030 | 30,15
40 319.0 § 1,940 | 154.5 | 2,040 | 102.0 § 3,040 | 76.10 | 4,040 | 60.69 § 5,940 | 50.47 § 6,940 | 43.20 | 7,040 | 37.76 | 8,940 | 33.54 | 9 040 | 30, 16
950 315.6 11,950 | 153.8 | 2,950 | 101.6 | 3,950 ( 75.90 § 4,950 | 60.57 | 5,950 | 50.39 § 6,050 [ 43.14 } 7,050 | 37.71 | 8,950 | 3350 | 9,950 | 3013
960 312.3 § 1,960 | 153.0 [ 2,960 | 101. 3 } 3,960 | 75.71 | 4,960 | 60.45 | 5,960 | 50.31 | 6,060 | 43.08 | 7,960 | 37.67 | 8,960 | 33. 46 | 9,060 30,10
970 300.1 11,970 | 152.2 | 2,970 | 100.9 1 3,970 | 75.52 | 4,970 | 60.33 | 5,070 | 50.22 | 6,970 | 43.02 | 7,970 | 37.62 | 8/ 070 | 3342 | o om0 | 3007
980 303.9 |1,980 | 151. 4 | 2,980 | 100.6 | 3,980 | 75.33 § 4,980 | 60.20 | 5,080 | 50.14 | 6,980 | 42.95 § 7,080 | 37.57 } 8,080 | 33,30 { o, 980 | 30, 04
990 302.8 § 1,990 | 150.7 § 2,990 | 100.3 | 3,990 | 75. 14 ] 4,990 | 60.08 | 5,990 | 50.05 | 6,990 | 42.80 { 7,990 | 37.52 | 8,990 | 33. 35 9,990 | 30. 01
1 000 299.8 § 2,000 | 149.9 ] 3.000 ) 99.94 | 4.000 | 74 96 § 5,000 | 59.96 § 6. 600 | 490.97 | 7,000 | 42.83 | 8. 000 | 37.48 § 9. 000 | 33.31 | 10 0vo | 20 98







SHORT WAVE
CONDENSER

Compact, highly efficient, and utterly
reliable, these liitle condensers embody
every refinement that years of special-
ization in short wave design have shown
to be desirable. Isolantite stator insula-

tion, thick non-resonant aluminum plates,

constant impedance rotor connections,

and insulated main bearings are but a

few of the details which, combined with
the best materials and fine craftsmanship,
provide the ultimate in performance.

The condensers shown on this page are
representative of the extremely complete
line of _.NATIONAL short wave parts,
including dials, plug-in coils, trans-
formers, chokes and other equipment, all
of uniform high quality.

We¥hall be pleased to mail a copy of
our FREE General Catalog No. 210 to
short wave constructors.

pe

"

Catalog Capacity b | Depth

4 Air Plate | Rotor | Stator 4 List}

7}'3!5: M,):'r ” l Gap | Shape | Plates |Plates gf::.:;j Price

SE- 50| 50 .026 6 s 25" | $3.00

75 75 .026 8 | 1t 3.25

100 100 026 10 10 - 3.50

150 150 .026 15 14 234" 3,75

SEH- 200 200 0175 14 13 2\ 3.75

250 250 0175 | 270° 16 16 | 23" 4.00

300 300 .0175 | SFL 20 19 23" 4.00

335 335 0175 22 21 2" 4.25

SEU- 15§ 15 .055 3 PIRATEE™ 2.50

20 20 .05 4 4 . 2.75

25 25 .08 5 4 i 2.75

ST- 50 50 .026 6 5 23" | $1.80

75 75 .026 8 7 * 2.00

100 1060 .026 10 10° /4 2.25

150 150 .026 15 14 234" 2.50

STH- 200 200 .0175 14 13 2% 2.75

250 | 250 .0175 16 16 | 23" | 3.0

300 300 0175 | 180° 20 19 234 3.25

335 335 0175 ; SLW 22 21 23" 3.50

STN- 18 18t 065 4 3 158" 2.00

STHS- 15 15 0175 2 1 | 13e”| 140

25 25 0175 2 2 8 1.50

50 S0 0175 4 3 £ 1.80

STD- 50 50% .026 6* 5% {2 ’" . 3.50

STHD-100 | 100* .0175 7* 7* - 4.50

SS- 50 50 .026 50 4 2y | $1.80

75 75 026 7 6 . 2.00

100 100 .026 9 8 s 2.25

150 150 .026 12 12 2% 2.50

SSH- 200 200 0175 11 10 23" 2.75

250 250 0175 13 13 -4 3.00

300 300 0175 16 15 234" 3.25

350 350 L0175 180° 18 18 23" 3.50

SSN- 18 18t .065 | SLC 3 3 | 13e”| 2.00

SSSs- 20 20 0175 1 2C 1.40

30 30 0175 2 2 IS 1.50

, 50 50 .0175 3 3 L 1.60

SSD- 50 50%* 026 5% 4* | 284" 3.50

SSHD- 100 100* 0175 5* 5% | 23" 4,50

150 150% 0175 8* 8* 3 5.00

2SE- 100 100* 026 270° 10 10 5" $5.50

2SEH- 200 200* 0175 | iy 14 13 " 6.50

2SEH- 335 335* | 0175 3 22 21 & 6.75
* Per Section 1 3000 Vo!t Rating $ Usual Trade Discounts Apply

NATIONAL COMPANY, INC.,

MALDEN, MASS.




