{MAGAZINE)

ANDB OOK

!  FOR AMATEURS
! AND EXPERIMENTERS

sf
PER COPY
A

- (£,

1 2
'L“- blished by the Publishers of "RADIO" - - Pacific Building, San Francisco, U. S. A,

£

-

I/
= S
i ‘

Y 1 World Radio History



THE ""RADIO'" HANDBOOK Page 3

Why "The 'Radio’ Handbook"

Many radio amateurs and experimenters find difficulty in keeping
abreast of the rapid advance in the art of high-frequency radio communi-
cation. This difficulty arises not only from the multiplicity of new kinds
of apparatus, but also from the discovery of new operating principles.
There is consequently a widespread demand for comprehensive information
on how to get the best results at the least cost. "THE 'RADIO' HAND-
BOOK" is published to meet this demand.

It is written in plain language so that even the novice can solve any
problem that bothers him. The experienced technician, also, will find in its
pages a wealth of facts not to be found elsewhere. Theoretical explana-
tions are minimized to the barest necessities, and emphasis is placed on
practical methods.

The text has been written and compiled by the editorial staff of
"RADIO," the amateur and short-wave magazine. It represents the answers
to questions which have been asked during the past two years. Every state-
ment in the book has been tested by actual experience in the laboratory
__and on the air. The information is dependable and useful. Each chapter
- has been prepared by a specialist on that subject.

The introductory chapters on Receiver Design and Construction were
ritten by Clayton F. Bane, whose simple and efficient receivers, including
~ superheterodynes, are as easy to build as they are useful.

Those on Antennas and Ultra-High Frequency Communication are the
work of Frank C. Jones, designer of the 5-meter equipment which aids the
construction of the San Francisco Bay Bridge.

Those on Piezo-Electric Crystals represent the experience of W. W.
Smith as a manufacturer of quartz crystals for amateur and commercial use.

That on Self-Excited Transmitters, necessary for completeness in treat-
ment but to be discouraged for use, is by C. C. Anderson, the well-known
DX operator.

J. N. A. {Jayenay) Hawkins, contributor of many useful ideas in the art
— 05-&853+e|ephony, wrote the chapter on this subject.

D B McGown, widely-experienced sound engineer, is the author of the

ction on transformers, chokes and filters.

o .". d&k Perrine, Jr., owner and operator of W6CUH, gave the published
FLii¥ects on transmitter efficiency.

The foregoing examples illustrate the authoritativeness of the informa-
tion and the thoroughness of the treatment. Yet, in presenting this first
edition, the publishers realize that some problems may have been over-
looked and will welcome reader suggestions as to other questions to be
answered in future editions. The purpose of the book is to help the amateur
operator to solve all his radio problems.
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Introduction to

VERY radio amateur must be duly
E licensed if he desires to operate an

amateur transmitting station. His
transmitting station must also be licensed.
The licenses are issued by the Federal Com-
munications Commission. The addresses of
the various district offices are shown in the
Appendix. No licenses are required if the
amateur desires to operate only a receiving
set. In order to secure a license the ap-
plicant must pass an examination in order
to prove his technical knowledge of the theory
and practice of amateur radio communication,
as well as being able to copy the Continental
Code at a speed of ten words per minute.
Those who desire to learn the code without
aid from others can do so by means of a
code practice set. Several kinds of these
practice sets can be built. The simplest is
not always the best. Any amateur will be
glad to help the beginner construct a code
practice set. One of the prime requisites
of a code practice set is the ability to produce
a sharp, clear signal in the headphones. The
audio tone of the practice set or oscillator
should closely simulate the c.w. signal heard
in a short-wave receiver. Such a practice set
can be assembled in a few minutes by using
parts available from any radio store. If
difficulty is encountered in making the code
practice oscillator work, any service man or
amateur will be glad to help remedy the
trouble.
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Fig. 1 shows the simplest code practice
oscillator. It consists of a high-frequency
buzzer, one or two dry cells, a telegraph key
and pair of headphones. The advantage of
this oscillator is that the buzzer operates
continuously in order to obtain a stable tone.
The headphones and the telegraph key are
in series and connected across the buzzer coil.
The buzzer contacts should be adjusted for
the least change in note when the key is
pressed. Although the buzzer operates con-
tinuously, as long as current is supplied from
the batteries, the tone is heard in the head-
phones only when the key is pressed.

Fig. 2 is a simple Hartley Oscillator using
a cathode heater tube. The 2.5 volt or 6.3
volt tubes can be used with equal success.
The type 76 tube is the 6.3 volt equivalent of
the type 56 tube. Because the type 76 tube
draws only 0.3 ampere filament current, it
can be operated from common dry cells, three
cells connected together in series. The trans-

FONCS

Amateur Radio

former is a conventional audio transformer
of any ratio and the primary and secondary
of the transformer are connected in series,
with a connection taken from the mid-point
to the cathode of the tube. The telegraph
key is in series with the headphones and
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negative "'B”. The pitch of the note can be
varied to suit individual requirements by
merely increasing or decreasing the “B” volt-
age. A pleasing note is secured when an
ordinary 22Y, volt B battery is used for
plate current.

Fig. 3 is another version of the Hartley
Osillator and the circuit is similar to the | -
practice set shown in Fig. 2. A center-tapped
output transformer is used and the head-
phones are connected directly across the sec-
ondary of the transformer, with the telegraph
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FIG. 3

key in series with one of the secondary leads.
The transformer for the circuit in Fig."3 can.
be any of the conventional types, known as
“"Push-Pull Input to Dynamic Speaker Voice
Coil”. The pitch of the note can be varied
by changing the capacity of condenser CI,
or by varying the amount of "“B” voltage.
Here again, 2215 volts will give a very pleas-
tng note. If condenser C1 has a higher ca-
pacity than .006 mfd. the note will be of
lower pitch.

How to Master the Code

There is nothing complicated about learn-
ing the code. Many young boys and girls
have succeeded in attaining a code speed of
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ten words per minute with but a few months’
practice. The first thing to remember when
learning the code is to distinguished dots
from dashes. A dot is always a dot, no mat-
ter how fast or how slow it is sent. The
same holds true for a dash. A dash should
be three times as long as a dot. Too many
beginners make the mistake of “holding the
dots”, i.e., they do not make dots at all, they
make long and short dashes. Fix firmly in
your mind the thought that a dot is merely
one quick, sharp touch of the key, and never
make a dot anything but a dot, no matter
how slow you may wish to send. Do not
make a dash longer than the time required
to make three quick dots. No matter how
slow you send, a dash should be made no
longer than if it were part of a 40-word-per-
minute transmission. The difference between
slow and fast sending is in the time interval
between letters which comprise words, not
between the characters which make a letter.
The spacing between letters and between
words can ie lengthened when slow speed
sending is used. Read that over again; it is
of vital importance. Make the spaces between-
letters and between words as long as you
desire, so that you can send as slow as you
want to send, but make all dots (or dashes)
the exact same length, no matter whether you
are attempting to send 5 or 50 words per
minute. The secret of success of good
operating is in the spacing between letters and
between words, but there should be no spac-
ing between the dots and dashes which make
up an individual letter. Take the letter A
for example; it consists of a dot and a dash,
Do not consider it as the letter A, but firmly
establish in your mind the fact that it is a
dot and a dash. Pronounce it “did-daw”,
*did” for dot, “"daw” for the dash. Thus the
letter A is “did-daw”, not dot-dash, as some
pronounce it. Repeat it to yourself, over and
again . . . "did-daw”, “did-daw”, "did-daw”.
But do not pause between the "did” and the
“daw”. The two should literally “roll into

CODE
PRACTICE
OSCILLATOR

A code practice sel
requires an audio os-
cillator of some sort, a
method of interrupt-
ing the oscillations,
such as a telegraph
key, and a means of
making the audio os-
cillations audible, such
as a pair of phones or
a loudspeaker.  See
Fig. 3. page 4, for cir-
cuit diagram of this
code practice set.

each other”, thus—"diddaw”. One of the
greatest mistakes made by many operators
is the fact that a pause is permitted to come
between the did and the daw. Now repeat
it rapidly to yourself . . . “diddaw”, "diddaw”,
“diddaw’. That is the letter A, repeated
three times. The letter B is a dash and three
dots. Again, there must be no spacing be-
tween the dash and the three dots. B is
*dawdiddiddid”. If you make a space between
the daw and the three dids, your character
will be the letters T S, and not the letter B,
which you desire to send.

Send slowly, cautiously, surely! Haste
makes waste. You often hear of the operator
“who falls all over himself”’. He becomes
confused, sends faster than he can receive.
Nothing is more painful to listen to than
the fast, erratic operator who cannot read
his own sending. How, then, does he expect
others to copy his sending?

The well-known and widely-used SOUND
system of learning the code is still the best
method for any beginner to use. The opera-
tor does not think in terms of letters of the
alphabet, he thinks in terms of SOUND.
Each letter has a sound and a “swing” of
its own. When you hear the SOUND of
“diddaw” you know it is the letter A, but
you think of it only in terms of “diddaw”,
not as an A,

With your code practice set connected,
grasp the key gently with your thumb, fore-

----- ~

The Proper Grip

finger and index finger on the knob of the
key. The illustration shows how to properly
manipulate the key. Avoid cramping your
hand when you send. Relax yourself. For-
get entirely that your thumb and fingers are

World Radio Histol
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on the key. You are interested in one

| thing . . . you want to make the telegraph
signals, dids and daws. Send slowly, until
you become more adept to the knack of
sending. Do not open the key too wide, else
your sending will be “choppy”. On the
other hand, if the key does not have suffi-
cient play, your sending will sound “sloppy™.
Do not make the key too "stiff” by exerting
too-great pressure on the spring. Ask a
more-experienced operator to adjust the key
for you, but first make sure that the person
is a fairly-good operator himself.

. Begin learning the code without assistance
from others. First memorize a few letters
of the alphabet, or start with the letter A,
diddaw. After you have repeated it to your-
self many times and after you have sent it
over and again on the telegraph key, turn
on your short-wave code receiving set and
try to pick out as many diddaws as possible
from a slow-sending station. Every time
you distinguish a “diddaw"”, write down the
letter A. After you have thoroughly ac-
quainted yourself with the SOUND of "did-
daw” and after you can distinguish it when
you hear it on your receiving set, go to the
next letter in the alphabet. After you have
memorized a number of letters in the alpha-
bet, make short words, such as "“AND".
Practice this word on your key, thus: diddaw
space dawdid space dawdiddid. Keep send-
ing it over and over. If some one is asked
to practice with you, let the other party
do the sending. Tell him to send the char-

| acters of the letter A, then a space, making
the space as long as you desire until you
have recalled by SOUND the characters
diddaw (letter A) and then write the letter
A on your scratch pad.

Do not go to the next characters until
you have first mastered the knack of reading
the first characters which make up the first
letter and have written the letter on the
scratch pad.

Take simple words to start, such as the
words “is”, "his”, “'sis”,"'see”, “'she”. All of
these words are composed entirely of dots.

Then take words composed entirely of
dashes, such as “to”, "tom”, “otto”. Words
composed entirely of either dots or dashes

| give the beginner an excellent opportunity
to learn proper spacing between letters. As
soon as you run the letters together, the sen-
tence structure is ruined, and the receiving
operator will not know what you are trying
to say.

The next step is to make sentences con-
sisting of words, some of which are all com-
prised of dots, others all dashes, such as:
“She Sees Otto.” The first two words are
comprised solely of dots, the last word is
made up entirely of dashes.

Then go further and make short sentences
of words consisting of combinations of dots
and dashes. It is easier to begin by learning

only a few of the code characters of the
alphabet rather than to first memorize the
entire code, from A to Z, and then learn how
to make the characters on the telegraph key.
You can first learn all of the characters which
make up the letters E, I, S and H. E is “did”,
I is "diddid”, S is “diddiddid” and H is
*diddiddiddid”. All of the “dids” must run

Correct 'grip” and position of wrist for
operating automatic key ("bug").

together, there must be no pause between
the "dids”, otherwise the letter H will be
a combination of two letters, or a combina-
tion of the letters S and E. Make sure that
you master the art of steady, accure sending.
Do not send “jerky”. Make an H like this—
did did did did, but run all four the dids
together, thus: "diddiddiddid”. Keep send-
ing it until you have learned how to do
it properly. Send the four “dids”, make a
pause, send them over again, make another
pause, etc., until you thoroughly remember
the character by SOUND. Don’t think of
the four "“dids” as an H, think of the com-
bination as *'diddiddiddid”, and soon you
will automatically write the letter H on your
scratch pad every time you distinguish it.

After you have memorized a number of
the simpler combinations in the alphabet,
practice the entire alphabet, going from A to
Z. Pause between each letter, make the
pause long enough so that you have dis-
tinguished what you have sent, then go to
the next letter. Some good code practice
can be secured by listening on the amateur
bands when the “CQ" calls are sent. Ama-
teurs who call “"CQ DX" usually send quite
slow. It is easy to copy these signals, and it is
good practice, too, because the operator
usually sends all groups of characters slowly
when calling CQ DX.

On your way to work and at various times
throughout the day, repeat the did daws to
yourself as often as possible. Make up a
short sentence, such as the word “"AND”,
which is “diddaw dawdid dawdiddid”, or
CQ, which is “dawdiddawdid dawdawdid-
daw”. Do not think of the letters CQ,
think in terms of SOUND . . . in dids and
daws, and you will be amazed to learn how
simple it is to gain speed in a relatively short
period of time.
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Fundamentals of Electricity

@ A study of electrical or radio phenomena
requires a knowledge of the electron con-
ception of matter and energy. All matter is
composed of positive and negative particles
of electricity, the former called protons and
the latter called electrons. The proton has
approximately 1,800 times the mass of an
electron. Thus it is seen that an electron is
the smallest unit into which matter can be
subdivided.

Electrons and protons cannot exist alone.
The smallest particle of matter which can
exist alone is the atom. It consists of a
heavy nucleus of one or more protons sur-
rounded by an equal number of electrons.
The outermost electrons revolve in circular
or elliptic paths around this inner nucleus.
Every atom of matter has as many electrons
as protons, and therefore the total number
of positive and negative charges neutralize
each other. As long as these charges are
neutralized the atom is neutral, electrically.
Under certain conditions it is possible to
add to, or subtract from the number of elec-
trons, which gives to the atom an electrical
charge. If the number of electrons is in-
creased the atom possesses a negative charge,
while if there is a deficiency of electrons the
atom possesses a positive charge.

All matter is made up of 92 different
kinds of atoms, which differ only in the
number of protons and the configuration of
the equivalent number of electrons in, and
surrounding the nucleus.

In all substances which are non-conductors
of electricity, the electrons in the atoms are
held permanently in place in fixed orbits
about the nucleus, but in the atoms of all
electrical conductors one or more of the
electrons farthest out from the nucleus is
attached rather loosely and may, by various
means, be drawn away from the atom al-
together. These are termed free electrons.

In all insulating substances the atomic
structure is such that all the outlying elec-
trons are tightly held in their orbit; thus
they cannot be freed by external forces. This
statement is relative, because given enough
external force, even the atoms of the very
best insulators can be made to give up an
electron.

Electromotive Force

Electricity consists of a movement of
electrons, from a point of excess to a point
of electron deficiency; in other words, from
a negative point to a positive point, in any
closed circuit.

The looseness with which the outer elec-
trons are held in any atom is related to the
electrical conductivity of the substance com-
posed of this particular atom. The more
loosely the free electrons are attached to their

nuclei, the better the electrical conductivity.
Thus the flow of current in a conductor con-
sists of a stream of electrons moving along
the conductor, from atom to atom, in a
definite direction under the influence of an
outside applied force or pressure. In elec-
trical circuits this outside force consists of
an equalizing tendency on the part of the
electrons which, like water, seek their level.
Thus there will be a flow of current in any
conductor which possesses an excess of elec-
trons at one point, and a deficiency of elec-
trons at another point, until the number of
electrons at all points along the conductor
are equal. This equalizing force is called
the electromotive force, abbreviated EMF,
and is usually expressed in volts. Thus
electromotive force, or voltage, as it is com-
monly called, it due to a nonaniform dis-
tribution of free electrons in a circuit. For
example, if a battery is placed in a closed
circuit a current of electricity will flow
around the circuit. This is because the bat-
tery pulls electrons into one terminal, and
pushes the electrons out of the other termi-
nal. The terminal through which the bat-
tery is trying to push electrons is the nega-
tive terminal, and the terminal which has
a deficiency, and thus attracts electrons from
any conductor attached to it is the positive
terminal. The words POSITIVE and NEGA-
TIVE have no meaning, but were merely
chosen to distinguish between the two types
of electrical charges. These terms were
chosen many years before the electron-move-
ment theory was established, and for a long
time it was assumed, for reasons of uni-
formity, that current flowed from a positive
terminal to a negative terminal. It is now
known that the electrons, which comprise
the current, actually move in the opposite
direction, or from negative to positive
terminals.

Because electrons are particles of like
charges, they violently repel each other, and
thus the excess electrons at a negative point
in any circuit push the other free electrons
of the circuit ahead of them around to the
positive terminal to neutralize the deficiency
of electrons at that point. As the battery
by its action continues to push electrons
through itself from the positive to the
negative terminal, there results a constant
stream of electrons through the circuit, as
long as it is closed. The actual migration,
or progress of each individual electfon
through a conductor, ranges from 3 to 13
centimeters per second, although due to the
push which each electron exerts on the
electron immediately ahead of it, the effect
is as if the flow approached the velocity of
light, which is 186,300 miles per second.
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Electric Potential

The electric potential between any two
points defines the difference in pressure be-
tween those two points. If the points are
joined by a conductor, the electrical poten-
tial corresponds to the electromotive force
which draws current through the conductor.
Thus electric potential is measured in volts,
and determines the deficiency of electrons at
the more positive of the two points.

The Electrical Circuit

The simplest electrical circuit consists of
a source of electromotive force and a con-
tinuous path from the negative terminal to
the positive terminal through a resistance.
The source of electromotive force may be
either unidirectional (DC), or alternating
(AC). If the source is unidirectional, the
positive and negative terminals remain the
same, but if the source is alternating the
polarity of the two terminals is periodically
reversed. In an alternating current circuit
the direction of electron movement reverses
once each cycle. In the ordinary 60 cycle
alternating current power line the polarity
of the AC generator reverses 60 times per
second. This corresponds to a FREQUENCY
of 60 cycles per second. Alternating and
Direct currents have quite different char-
acteristics and thus the study of electricity
is divided into two parts, Direct Current Cir-
cuits, and Alternating Current Circuits.

Electrical Resistance

When the free electrons in a conductor are
given movement by some electromotive force,
a current flows through the wire. The elec-
trons in their movement continually collide
with the atoms of the wire. These collisions
slow the electrons down, which limits the
amount of current which can flow through
a given circuit when a given electromotive
force is applied. This limiting of the cur-
rent, due to collisions of the electrons with
atoms, is termed the RESISTANCE of the
conductor, which is expressed in OHMS.
When an electromotive force of one volt
impressed on a circuit will force a current of
one ampere through the circuit, the circuit
has a resistance of one ohm,

The collisions between the free electrons
and the atoms move the atoms around slight-
ly, which takes energy away from the elec-
tron stream. This energy heats the con-
ductor and explains why resistors that carry
current heat up.

Electric Current

Electric current describes the rate of flow
of electricity through a circuit, and the unit
of current flow is the AMPERE. Electric
currents are measured either by their heat-
ing effect on a conductor (thermo-ammeters,
etc.), or by their magnetic effects {moving
coil and moving iron instruments).

Sources of Electricity

An electromotive force (and therefore a
flow of current) can be produced either by
chemical or mechanical means. All batteries
produce electricity by converting energy
from one form to another by means of a
chemical reaction. All of the common types
of electrical generators transform mechanical
energy into electrical energy, either by mag-
netic or electrostatic action.

Series and Parallel Circuits

A simple circuit can contain any number
of resistances.

AR, o Rz, A R,
I < -]
— ., Re
=l¢ ‘—\Tﬂ‘l
FIG. 4 FiGg. 2

Fig. 1 shows a circuit which has two re-
sistances in series, while Fig. 2 shows a
a circuit with two resistances in parallel.
The current in a parallel circuit will divide
between the various resistance branches, and
will not be equal in each branch unless the
resistance of every branch is equal. In a
series circuit, however, the current flow is
equal at every point in the circuit.

Ohm's Law

The resistance of any conductor depends
on the material of which it is made, its
cross section, and its length. The relation-
ship between the electromotive force (volt-
age), the flow of current (amperes), and the
resistance impeding the flow of current
(ohms), is expressed in Ohm’s Law, which
states: “For Any Circuit or Part of a Circuit
the Current in Amperes is Equal to the
Electromotive Force in Volts Divided by the
Resistance in Ohms.” This relationship is
usually expressed by the following three
formulas:

Where I is the current in amperes,

E is the electromotive force in volts,
R is the circuit resistance in ohms.

E E
E=IR [=— R=—
I
Thus resistance equals voltage divided
by current.
Current equals voltage divided by re-
sistance.

Voltage equals current times reststance.

In many commonly used circuits it is found
that there are resistances connected in series,
in parallel or in series-parallel, as shown in
Fig. 3. In order to calculate the total re-
sistance of any network composed of two or
more resistors connected in any of the above
three ways, the formula shown in Fig. 3 is
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used. It should be remembered that the total
resistance of resistors connected in series is
larger than that of the highest resistance in
the circuit. Also, the total resistance of re-
sistors connected in parallel is less than that
of the lowest resistance in the circuit.

Electric Power and Heating Effects

The heat generated in a conductor by the
flow of current varies directly with the re-
sistance of the conductor and as the square

RMA STANDARD
RESISTOR COLOR CODE

A BODY COLOR-Ia. figure of resistance value.
B COLORED END-.2nd figure.
€ CENTER DOT-number of ciphers following
first two fhgures.
figure eolor figure color
O BLACK -] GREEN
] BROWN [ BLUE
2 RED 7 VIOLET
3 ORANGE 8 GRAY
4 YELLOW ® WHITE
of the amperes of current flow. The unit of

power is the Watt and equals the product
of the voltage across a resistor, times the
current through
the amount

the resistor. This equals
electrical power transformed

into heat in the resistor. Using the symbols
described above, plus W=Watts of Power,
it is found that the following relationships
hold true: £

W= —
R

Electrical power can do other forms of
work besides generating heat, such as driving
a motor, radiating waves from an antenna or
driving a loud speaker. Electrical power
takes many different forms and can be trans-
formed from one form to another by means
ofba motor-generator, transformer or vacuum
tube.

W = EI W =IR

Electrical Inertia
Electromagnetic Phenomena

The flow of electric current through a con-
ductor produces a magnetic field around that
conductor. It is known that electrons, be-
ing particles of like charge, repulse each
other. This repulsion is due to the electro-
static field of force which surrounds every
electron. The electrostatic field of force sur-
rounding an electron repels any other elec-
tron with a force inversely proportional to
the square of the distance. Thus if the re-
pulsion at any distance is a certain value,
the repulsion at twice this distance is one-
half squared, or 14 as much. The electro-
static field around any electron which is at
rest, or moving with a constant velocity, can
be visualized by a group eof concentric
equipotential circles surrounding the electron.
See Fig. 4.
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[ \\\\\ // P \\
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ACCELERATED OECELERATED

FIG. 4

When an electron moves, it must carry
its field of force along with it. Due to the
relatively enormous volume of the field of
force, each electron has considerable inertia.
Thus when a switch in a circuit is closed the
current does not instantly jump to the final
value determined by the voltage divided by
the resistance.

This gradual build-up of current in any
circuit depends on the characteristics of the
circuit. It takes longer for the current to
build up in a circuit where the wire is coiled
up than it does in a circuit where the con-
ductor is a long, straight wire. This is
because the eclectrostatic fields surrounding
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electrons in adjacent turns of the coil overlap.
The energy stored at any point in space is
proportional to the square of the electro-
static intensity (or force) at that point. Thus
by coiling the wire the energy concentration
stored in the space around the coil has been
materially increased, due to the increased
overlap in the fields of the electrons. If the
electrostatic intensity at any point has been
increased a hundred times over that of a
point near a straight wire, the energy storage
is 100 squared, or 10,000 times that of the
energy stored in the space surrounding the
long, straight wire. This stored energy
comes from the source of power supplying
the circuit, and any given current in a coil
represents much more stored energy than the
same current in a straight wire. Thus for a
given impressed voltage it takes more time
to start or stop the current flow in a coil
than in a straight wire. Likewise, to start
or stop the current flow in a coil in a given
time requires the application of a larger
voltage than would be necessary to start or
stop the same current flow in a straight wire.

The inertia offered by a circuit to either
an increase or a decrease in current is termed
the Inductance of the circuit. This inertia
can be visualized in the following manner:
When an electron is accelerated, or speeded-
up, its electrostatic field does not instantly
respond to the motion of the electron be-
cause the electrostatic disturbances caused
by the sudden acceleration of the electron
travel outward from the electron with the
speed of light.

Thus when the electron is being accelerated,
different parts of the field are moving at
different speeds, as shown in Fig. 4 (B),
and the concentration of energy ahead of the
electron is greater than the concentration be-
hind it. As soon as the electron attains
constant velocity its field again becomes
symmetrically arranged. When the electron
is decelerated the concentration of energy
behind it becomes greater than that ahead
of it, as shown in Fig. 4 (C). These non-
uniform concentrations of energy tend to
oppose any change in the velocity of the
electron, and it should be evident that the
overlapping of the electron fields which
occurs in a coil increases the non-uniform
energy concentration which accompanies any
change in the velocity of an electron, thus
increasing the opposition to change, or in-
ertia of the electron. This inertia therefore
exerts a force opposing any change in the
current through an inductance, and this op-
posing force is called the Back Electromotive
Force.

Induction and Induced Voltages

When an alternating current is passed
through a coil of wire, energy is alternately
stored in the field and returned to the wire.
The greater the number of turns of wire on
the coil, the greater is the magneto-motive

force. This force varies with the number
of turns, the diameter of the coil and the
current. MMF corresponds to magnetic
pressure,

Magnetic Flux

Magnetic flux consists of the lines of mag-
netic force which surround any conductor.
Magnetic flux might be termed magnetic
current, just as magneto-motive force cor-
responds to magnetic voltage. The reluctance
of a magnetic circuit could be described as the
resistance of the magnetic path and the re-
lationship between magnetic flux; magneto-
motive force and reluctance is exactly similar
to that between current, voltage and re-
sistance, (Ohm’s Law).

Magnetic flux depends on the material,
cross-section and length of the magnetic cir-
cuit and varies directly as the current flowing
in the circuit. Reluctance depends on the
length, cross-section, permeability and air-
gap, if any, in the magnetic circuit.

Permeability

Permeability describes the difference of
the magnetic properties of any magnetic
substance compared with the magnetic prop-
erties of air, Iron, for example, has a per-
meability of approximately 3100 times that
of air, which means that a given amount of
magnetizing effect produced in an iron core
by a current flowing through a coil of wire
will produce 3100 times the flux density that
the same magnetizing effect would produce
in air. The permeability of different iron
alloys varies quite widely and permeabilities
up to 10,000 can be obtained, if required.
Permeability is similar to electric conduc-
tivity. However, there is one important
difference—the permeability of iron is not
independent of the magnetic current (flux)
flowing through it, although electrical con-
ductivity is usually independent of electric
current in a wire. After a certain point is
reached in the flux density of a magnetic
conductor, an increase in the magnetizing
field will not produce any material increase
in the flux density. This point is known as
the point of saturation. The inductance of
a choke coil whose core becomes saturated
declines to a very low value. This char-
acteristic is extremely. valuable in the swing-
ing choke and in the saturable reactor used
in some controlled carrier modulation sys-
tems.

The magnetizing effect of a coil is often
described in ampere-turns. Two amperes of
current flowing through one turn equals two
ampere-turns, or one ampere of current
flowing through two turns also equals two
ampere-turns.

Mutual Inductance

When two parallel wires are placed in
proximity to each other and a varying cur-
rent flows through one of them, the non-
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uniform energy concentrations around the
accelerating and decelerating electrons in the
conductor carrying the varying current cause
an induced electromotive force to be applied
to the free electrons in the neighboring con-
ductor. This electromotive force (voltage)
produced in the neighboring conductor is
always in the same direction as the back-
electromotive force set up in the conductor
which is carrying the exciting current. This
point helps to explain why the inductance of
a circuit containing many turns of wire is
greater than that of a circuit composed only
of a straight wire. In a coil, each turn has
a back-electromotive force induced by the
changing current within itself. In addition,
it has an induced electromotive force in the
same direction, due to the changing current
in the adjacent turns on each side of the por-
tion of the coil under consideration. The
self-inductance of a coil in henrys equals the
induced voltage in volts across that coil
when the current is varying at the rate of one
ampere per second.

1f a second coil is wound directly over the
first coil, any change in current in the first
coil will induce a voltage in the second coil,
and the mutual inductance in henrys be-
tween the two coils equals the voltage in-
duced in either coil when the current in the
other is varying at the rate of one ampere per
second. The unit of inductance is the henry.

Inductive Reactance

The principal property of an inductance
is to resist any change in current through ir,
and therefore an inductance will impede
the flow of alternating current through it.
The higher the frequency of the alternating
voltage impressed across the inductance coil,
the lower will be the current through the
coil. The current flowing through the in-
ductance coil therefore is related to the in-
ductance in henrys and the frequency in cycles
per second.

Formula:

Where Xt is the inductive reactance in ohms,
f is the frequency in cycles per second,
L is the inductance in henries,
X, = 27fL

Thus if the inductance of a coil and the
frequency of the impressed alternating volt-
age is known, the current in any AC circuit
composed of an inductance can be determined
by dividing the voltage by the inductive re-
actance.

Inductances can be cornected in series or
in parallel. The effect of connecting induc-
tances in series or in parallel is quite similar
to the effect of connecting resistors in series
or in parallel. Inductances in series:

Ltotal = L1 + L2 + L3, etc.
Inductances in parallel:
1 1 1 1
S =kt et =l LG
Leotal L1 L2 L3

e r
Iranstormers

It was seen that a variation of a current
flowing through a coil induces a voltage in
any other coil with a common magnetic
circuit. This explains the operation of the
transformer, which is very widely used in
radio circuits. The winding of the trans-
former which carries the exciting current is
usually termed the primary winding, and the
coupled winding in which it is desired to in-
duce a voltage is termed the secondary wind-
ing. If the primary and secondary windings
each have the same number of turns, closely
coupled, and if neither of the windings is
tuned by means of a capacity to resonance at
the frequency of operation, the voltage across
the secondary will be equal to the voltage
across the primary. If the secondary has
twice as many turns as the primary, the in-
duced voltage in the secondary will be twice
the exciting voltage across the primary. For
any other turns ratio between the primary
and secondary windings the ratio of the sec-
ondary voltage to the primary voltage will
always be equal to the ratio between the
number of secondary turns and the number of
primary turns. These relationships hold as
long as no current flows in the secondary
winding, which is the case in all low-level
audio circuits. When a load is connected
across the secondary, as in a power trans-
former, or an audio output transformer, the
DC resistance and the leakage reactance of

the transformer windings modify the voltage
relationship slightly.

Zp /Np\ 2
Zs \Ns )
Where Zp = primary impedance,
Zs = secondary impedance,

Np = number of primary turns,
Ns = number of secondary turns.

Condensers and Capacitive Reactance

A condenser stores electric energy. A
condenser in its simplest form consists of
two parallel and adjacent plates separated by
an insulator, such as air for example. If
the two plates are connected to a source of
DC voltage, one plate will take on a positive
charge and the other will take on a negative
charge. As soon as the potential difference
between the two plates becomes equal to the
voltage of the DC source, the current in the
circuit will cease. If the condenser is con-
nected to a source of AC voliage, the current
will surge back and forth every cycle, be-
cause first one plate takes on a positive
charge, then the other. During that part of
the cycle when one plate becomes negative,
the excess of electrons driven on to this plate
repels an equal number of electrons off the
other plate. These electrons then travel back
toward the positive terminal of the voltage
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source. On the next half cycle this process is
reversed. No electrons actually pass through
the condenser from one plate to the other,
but because the electrons arriving at one
plate drive an equal number away from the
other plate, the effect on the circuit is the
same as if the electrons actually passed right
through the condenser—except for the phase
relation between the impressed voltage and
the resulting current.

The quantity of electricity stored in the con-
denser is proportional to the voltage im-
pressed across it; this relationship is called
the capacity of the condenser. The unit of
capacity is the farad. A condenser has a
capacity of one farad if one volt impressed
across it causes an energy storage of one
coulomb of electricity. Most condensers used
in radio work have a very small fraction of
this capacity, and thus the usual unit of
capacity is the micro-farad, which is one-
millionth of a farad.

The capacity of a condenser depends on
the area of the plates, their spacing, and the
dielectric properties of the insulator which
separates the plates. For mechanical rea-
sons it is desirable to construct condensers
with more than two plates. Thus most radio
condensers consist of two paralleled sets of
plates, each set connected together con-
ductively. Different insulators have differ-
ent dielectric properties. The dielectric
properties of any material indicate its ability
to store energy when subjected to an electro-
static field. The dielectric constant of any
material describes its ability to store energy
in terms of the energy storage of air.

One of the most common types of con-
densers used for radio work is the variable
condenser, one whose capacity can be varied
by the rotation of the shaft which supports
the rotor plates.

Capacitive Reactance

Alternating current does not flow through
a capacity without some impeding effect tak-
ing place, which is termed capacitive  re-
actance. This is inversely proportional to the
frequency and to the capacity of the con-
denser. Formula:

Where Xc is the capacitive reactance in ohms, °

f is the frequency in cycles per second,
C is the capacity in microfarads.
1,000,000
Xc=—m8—
27fC

Thus if the capacity of a condenser and
the frequency of the impressed alternating
voltage is known, the current through any
condenser can be determined by dividing the
voltage by the capacitive reactance.

Condensers can be connected in series or
in parallel, but the effect is just the opposite
to that of connecting inductances or resist-
ances in series or in parallel.

-
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Condensers in series:
1 1 1 1 b
—— =—+4+—+—4,etc
Cwotal C1 C2
Impedance

When an inductance, a capacity and a re-
sistance are connected in series, the combined
effect is called the impedance of the circuit.
The capacitive reactance and inductive re-
actance are of opposite sign, because the cur-
rent through a condenser leads the impressed
voltage by 90 electrical degrees, while the
current through an inductance lags the volt-
age by 90 degrees. Thus the current is
180 degrees out of phase with that through
the inductance. The reactance of the cir-
cuit becomes Xp—Xc. Since the current
through an inductance or capacity lags or
leads that through a resistance by 90 degrees,
it is necessary to take the square-root of the
sum of the squares to solve for the total im-
pedance of the circuit to the flow of current.

Z =R+ (XL—Xc)?

With any two quantities known, the third

can be solved from the following formulas:
E E

E=1Z Z=—

1

From the equation of the impedance of a

series circuit it can be seen that the imped-

ance is equal to the resistance when the in-

ductive reactance is equal to the capacitive
reactance. This is known as resonance.

Alternating Current Considerations

Alternating current produces a heating
effect in a resistor in spite of varying and re-
versing its direction of flow. A generator
produces alternating current which starts at
zero, reaches a maximum, returns to zero,
reverses direction and repeats the perform-
ance. This variation follows a mathematical
law which can be called a sine wave. The
actual heating effect of this alternating cur-
rent depends on the effective value of each
half sine wave. This is called the R.M.S.
value and is equal to the peak value divided
by 1.41, in case it is a pure sine wave. The
RMS value of either voltage or current is the
valuc read on most AC voltmeters or am-
meters.

In considering alternating current the
actual power is not the product of I’Z, since
the effect of either inductance or capacity
is to make the current lag or lead that through
the resistance of the circuit. The lag or
lead is known as the phase angle and the
power can be computed from the expression
P = E X Icos@. The cosQ represents the
power factor and thus in the circuit contain-
ing resistance only, this becomes unity, or
100%. A perfect condenser having no re-
sistance would have zero power factor, thus
providing a method of comparing different
condensers,

==
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Fundamentals of Radio

In power, telephone and telegraph lines,
electrical energy is carried from the sending
point to the receiving point through indi-
vidual and isolated conductors. All radio
signals, however, utilize a common conduct-
ing medium, the ether. This mixing of thou-
sands of radio signals in one conducting
medium necessitates some method of selecting
the desired signal and rejecting all others.
This is accomplished by means of resonant
circuits involving inductances and capacities
in series or in parallel. Vacuum tubes are
used to amplify the signals, while tuned cir-
cuits are used for selecting the desired sig-
nals.

Radiation

Radio waves are transmitted from an an-
tenna through space in two general types of
waves. One is called the ground wave,
which follows along the surface of the
ground, and for very short waves it is quite
rapidly attenuated. The ground wave is use-
ful in long wave radio communication and
also for very short distance work on ultra-
short wavelengths. The other form of wave
is known as the sky wave, since it is re-
flected back to earth by ionized layers in the
upper atmosphere known as the Kennelly-
Heaviside Layers. The sky waves are propa-
gated from the antenna at angles above the
horizon.

HEIGHT OF MAKIMUM
ELECTRON DENSITY

14
TRANSMITTER

RECEWVER

FIG. 5—Reflection of radio waves from the
Heaviside Layer around the earth.

At very low angles of radiation the waves
go out practically tangent to the earth’s sur-
face. penetrate into the ionized layers and
are bent back to earth at a very distant
point. Higher angles of radiation are bent
back to earth at shorter distances until a cer-
tain high angle is reached for any particular
frequency which will not be bent back to
earth. This angle varies with the season of
the year, frequency and time of day. At
angles slightly less than this value at which
the layer is penetrated,, the radio wave can be
carried around through one of the upper
layers to extremely great distances before
being bent back to earth. Very short waves
are not bent back to earth, no matter what
the angle of propagation, and thus these
waves are only useful for short distances of

not much more than twice the range of a
light beam. This makes these waves useful
for local communication and they will prob-
ably be used extensively in television trans-
mission.

The Kennelly-Heaviside Layer is a strata
of ionized air molecule due to ultra-violet
radiation from the sun. This layer (or
layers) varies in distance above the earth
from less than a hundred miles to several
hundred miles elevation. The density is
greatest in the layer closest to the earth,
especially in the daytime and in summer.
However, it is not constant, but varies from
vear to year and seems to depend upon sun-
spot activity.

Inductance Considerations

Inductances are used in radio, audio and
power circuits. An inductance used for the
latter purpose can be designed from a rather
simple formula:

L = 1.257 N°P X 10~*

Where N equals the number of turns of
wire; L equals the inductance in henrys, and
P is the permeance of the complete mag-
netic circuit.

Most of the magnetic circuit is confined
by means of a magnetic core, such as iron,
to the close proximity of the coil itself. For
radio frequencies some form of air core coil
is generally used. Extremely finely divided
iron is being used for low and medium fre-
quency coils, such as those used in inter-
mediate frequency transformers in receivers.
Inductance of an air core solenoid can be cal-
culated from the formula:

L1 = deK

Where Li equals the inductance in micro-
henrys, N equals the number of turns, d
equals the average diameter of the coil and
K is a constant depending on the ratio of
length to diameter of the coil.

This formula shows that inductance of
radio frequency coils varies as the square of
the number of turns and directly as the
diameter of the coil.

An inductance has a certain amount of re-
sistance due to the metallic conductor used in
winding the coil. At radio frequencies this
resistance is a great many times more than
the resistance would be for direct current.
At radio frequencies the current tends to
concentrate at the surface of the conductor,
which in effect gives an increase in the re-
sistance. This crowding of the current den-
sity toward the surface of the conductors is
known as the “skin effect”.

The ratio between the inductive reactance
of the coil and its effective resistance gives
a measure of its efficiency and is known as
the *Q” of the coil. "Q", therefore, is the
factor of merit of a reactance element.

27fL
Q=——
R
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Capacity Considerations

The capacity of a condenser consisting of
two parallel plates is given I;y the formula:

C = .08842 k —
D

Where C equals the capacity in micro-
microfarads, A equals the area of active di-
electric in square centimeters, D equals spac-
ing or thickness of dielectric in centimeters
and k equals the dielectric constant, which
is 1 (one) for air. Increasing the number of
plates in a condenser increases the area of the
active dielectric and thus increases the capa-
city of the condenser.

The effective series or shunt resistance of
a condenser is easily calculated if the power
factor and frequency of operation is known.

power factor

Series resistance — —————

27fC

1

Shunt resistance —
27fC X power factor
The losses in a tuned circuit are almost
entirely due to the losses in the inductance,
because condenser losses are extremely small
up to about 100 megacycles.

Series Resonance

When an inductance, resistance and capaci-
tance are connected in series, there will be
a certain frequency “at which the inductive
reactance is equal and opposite in effect to
the capacitive reactance. At this, the res-
onant frequency, the flow of current is only
limited by the effective resistance of the
circuit. At frequencies higher than resonance
the capacitive reactance is less than the in-
ductive reactance, with the result that the
impedance is higher than that at resonance.
The same holds true at lower frequencies,
except that the larger reactive term is capaci-
tive. The reactive voltage drop across either
the coil or condenser is very high at res-
onance, because the current is only limited by
the resistance of the circuit. This reactive
voltage may be several hundred times the
value of the impressed voltage, as given by
the expression:

E X 27fL E

L = =

=EXQ
27fCR

R
For example, if the impressed voltage is
10 volts, and if the “Q" of the coil is 100,
the reactive voltage across the condenser or
the coil - would be 1,000 volts. The sharp-
ness of a resonance curve depends upon the
"Q” of the coil. For example:

1
—— difference of frequency from resonance
2Q
will only give 70% of the resonant
current.

1
—— difference of frequency from resonance

will only give 45% of current at res-
onance.
Series resonance is often used in antennas,
antenna feeders and occasionally in audio
frequency or filter circuits.

Parallel Resonance

Parallel resonant circuits are used in both
transmitters and receivers for purposes of
selectivity or coupling between vacuum tubes.
At frequencies below resonance the induc-
tive branch draws high current, but the
capacitive branch draws low current, result-
ing in a lagging current and thus inductive
reactance. The opposite holds true for fre-
quencies higher than resonance. At resonance
the inductive reactance is equal to the
capacitive reactance, and the parallel im-
pedance is effectively a very high resistance.
The parallel impedance at resonance is equal

(27fL)?
to:

= 27fL Q

This shows that at resonance there is a
resonant rise in impedance of Q" times the
reactance of either branch. This means,
for example, that a tuned radio frequency
amplifier would have more gain and also
better selectivity with a high Q" coil in
the twned coupling circuits. The plate im-
pedance of an RF amplifier tube is usually
much greater than 100,000 ohms and thus
the interstage tuned circuits should have a
very high resonant impedance in order to
obtain a good impedance match and maxi-
mum voltage gain.

Where parallel resonant circuits are used
across the grid or plate circuit of a trans-
mitting power amplifier tube, the impedance
of the tank is greatly reduced. This is
caused by the fact that a fairly low shunt re-
sistance is placed across the parallel tuned
circuit. The effect of a shunt resistance is to
increase the effective series resistance of the
same circuit by an amount given in the fol-
lowing formula:

Is

rs X {27(C}* + 1
where rs is equal to the shunt resistance,

For example, a shunt resistance of 2,000
ohms would increase the effective series re-
sistance of a representative tank circuit from
5 ohms to 100 ohms at a frequency of 7
megacycles. Assuming the circuit had a
"Q" of 100 without any shunt load, the Q"
would be reduced to 5, due to the loading
of the tube, The parallel impedance (from
the above formulas) would be about 2500
ohms under load conditions, and 50,000 ohms
with no load. This example brings out the
effect of a resistance shunted across a parallel
tuned circuit.

r=
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The resonant frequency of a parallel tuned
circuit is given by the expression:

f=

2m/LC
for high “Q" circuits.

The resonant frequency is affected by the
effective series resistance, and consequently
the above expression is slightly in error for
low “Q” circuits. The sharpness of reson-
ance is similar to that of a series resonant
circuit and the same "Q” formulas can be
used for determining the currents at fre-
quencies slightly off resonance.

In many applications of parallel tuned cir-
cuits it is desirable to obtain a step-down
ratio of impedance. A typical example is in
matching a 500 ohm single wire antenna feed
line to the tuned output circuit of a trans-
mitter, as shown in Fig. 6.

.
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FIG. 6

In this case the load is only connected
across part of the parallel tuned circuit
impedance in order that optimum power
transfer will be obtained.

Another case of parallel resonance occurs
in radio frequency choke coils which are
used to prevent radio frequency currents
from flowing into undesired circuits. The
self capacitance of the coil resonates it with
its inductance to a frequency usually much
lower than the operating frequency. The RF
choke acts like a very small condenser of not
more than two or three micro-microfarads
which presents a high impedance to RF cur-
rent at most frequencies used by amateurs.
At frequencies below resonance the RF
choke acts like an inductance having an ap-

L
parent value equal to : where m is

—m
the ratio of applied frequency to the natural
resonant frequency of the coil, and L is the
theoretical inductance. This apparent in-
ductance can be very great near resonance.

Coupled Circuits

Single reactive circuits are not always
suitable for use in radio transmitting and
receiving circuits. It is usually desirable

to use various forms of coupled circuits
which can be resolved down into the four
simple forms shown in Fig. 7. The presence
of a secondary circuit changes the impedance
of the primary circuit by an amount equal to
the expression:

@7M)*

z,
The equivalent primary impedance becomes
QmiM)’
7+

Where Z; equals the series impedance of the
primary alone,
7, equals the series impedance of the
secondary alone,

and M equals the mutual inductance of the
coils L and L..
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FIG.7

The effect of the secondary circuit upon
the primary circuit can be determined from
the above expression in any of the four types
shown. When Z; is low, such as at resonance,
and M is not small, the effect on the primary
is large. Nearly any transmitter or receiver
circuit can be analyzed, roughly, by the
above method.

Power transformers are a form of coupled
circuits of the type shown in Fig. 7A, above.
The difference between a power transformer
and a similar RF coupled circuir is that the
leakage reactance may only be about two
per cent in the former case, and as high as
90 per cent in the latter case. The leakage
reactance is much higher at radio frequen-
cies because most high frequency coupled
circuits are resonant and require very loose
coupling with a very small value of M to
attain the desired result. In many cases the
coupling between two or more circuits is
obtained by other methods using some form
of inductive or capacitive reactance, or even
resistance coupling.

Band-pass circuits are special forms of
parallel resonant coupled circuits. The
coupling is increased until the secondary
causes an extreme broadening of the reson-
ance curve or it may even form a double
resonant peak in the primary circuit. True
band-pass circuits are seldom used in short
wave radio receivers or transmitters because
selectivity and gain are more important to
the amateur than a level frequency response
over a range of frequencies.
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Antennas

An antenna is a device for transforming
high frequency electrical energy into radio
waves when used for transmitting, and trans-
forming radio waves into electrical energy
when receiving. An antenna is similar to
any tuned circuit, except that the capacity
and inductance are distributed usually along
the wire instead of being lumped, as in a
tuned circuit. At resonance, the voltage and
current distribution along a half wave an-
tenna is sinusoidal in the form of a standing
wave. A wavelength is twice the distance
between adjacent minima or maxima of
standing waves on the antenna. The resonant
frequency of an antenna is given the ex-
pression:
¢ 300,000,000

A

Where ) is the wavelength in meters,
f is the frequency in cycles per second.

300,000,000 is the velocity of wave propa-
gation, which is the same as the speed of
light in meters per second.

The impedance along a half wave antenna
varies from a minimum at the center to a
maximum at the ends. The impedance at
the ends can be several thousand ohms. The
impedance at the center would be theoretic-
ally about 73 ohms if the antenna was in-
finitely high above the earth and not near
any other objects. The actual center resist-
ance varies as shown in Fig. 8 for various
heights above ground.

2 HORIZONTAL ANTENNA
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FIG. . 8—Radiation resistance of half wave
horizontal antenna for various heights above
. ground.

- .From this curve it can be seen that the
radiation resistance varies with the antenna
height. above ground. Radiation resistance
is a term- which is useful in expressing the
power radiated by an antenna. It is that
resistance ‘which would consume the same
amount of power that .is radiated from the

antenna. This resistance depends upon the
antenna length and construction, and prox-
imity of nearby objects. The theoretical
radiation resistance of a grounded vertical
quarter wave antenna is 36.2 ohms at the
voltage node. In addition to radiated en-
ergy, power is also lost as a result of wire
and ground resistance, corona and induced
power losses in nearby objects. These losses
can also be represented as a resistance in
series with the antenna consuming an equiva-
lent amount of power. For ultra-high fre-
quency antennas the radiation efficiency can
be higher than 90 per cent.

The directive effect of simple antennas is
discussed in the antenna chapter. Occa-
sionally, antenna arrays are used to obtain
more directivity and stronger radiated sig-
nals. These antenna arrays usually consist
of simple half wave antenna elements spaced
and energized in such a manner as to ob-
tain the desired characteristic.  Antenna
directivity results from phasing the radiation
from adjacent antenna elements in such a
manner as to neutralize the radiation in the
undesired directions, and to reinforce the
radiation in the desired directions. Direc-
tivity can be obtained in either the horizon-
tal or vertical plane. Recent developments in
directive antennas are along the lines of
adjustable or rotatable axes of directivity.
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The most commonly used amateur bands are
shown in the Bliley chart above. The figures
refer to frequency, in kilocycles. The band
shown on top of the chart is the 160 meter
band; next in order are the 80, 40, 20, 10 and
5 meter bands. The vertical dotted lines pass
through integral multiples of the lower fre-
quencies, showing which portions of each band
permit doubling into the higher frequency
bands. Amateurs are also permitted-to operate
anywhere above 100 megacycles (below 3
meters) although by general agreement they
are grouping near [12 MC (2i/; meters) and
224 MC (14 meters).
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Yacuum Tubes

® The vacuum tube is the heart of practically
all equipment used in the transmission and
reception of radio messages. It acts as an
AC generator of high frequencies. These
frequencies which are then amplified and
keyed, or modulated by other tubes, are then
finally radiated into the ether. In finding their
way through the ether, the radio waves are
tremendously attenuated and sometimes must
be amplified millions of times in other
vacuum tubes located in the receiver, before
the amplitude of the wave is sufficient to
drive headphones or a loudspeaker. Other
types of vacuum tubes serve special pur-
poses, such as changing AC into DC (Recti-
fication) or for controlling power circuits.

A radio tube consists of an evacuated glass
or metal envelope which encloses a cathode
and one or more additional electrodes. Con-
nections are brought out to connectors from
the cathode and from the other elements.
The cathode supplies electrons, while the
other electrodes control and collect electrons.

The radio tube is unique in its ability to
exercise a practically instantaneous control
over the flight of the millions of electrons
supplied by the cathode. The energy re-
quired to give this control is much smaller
than the amount of energy being controlled.
From this feature comes the ability of a
tube to amplify small electric currents. The
term “‘amplify” is perhaps not strictly ac-
curate, because nothing is actually added to
the incoming energy. In fact, the energy that
reaches the control grid of a vacuum tube
is usually entirely dissipated at that point,
and never reaches the output circuit.

What happens is that the energy applied to
the grid controls the release of energy in the
plate circuit. Under certain conditions, the
energy released in the plate circuit can be an
exactly similar equivalent of the grid energy,
except for its amplitude or amount. Thus
the energy supplied to a load circuit by the
plate circuit of the vacuum tube is a close
enough replica of the smaller controlling en-
ergy thar it is considered to be an amplified
version of the applied controlling energy.
The best conception of vacuum tube opera-
tion is to consider the tube as a power
convertor.

Because the control action of the vacuum
tube is almost instantaneous in action, it can
operate efficiently at frequencies much higher
than possible with rotating machinery, such
as alternators and motor generators.

Theory of Operation, Electrons,
Emission and Conduction

The performance of thermionic vacuum
tubes depends on the flow of electrons
through a vacuum.

The electrons associated with each atom

of matter are in constant motion, and the
rate of motion increases with temperature.
When certain metallic conductors are heated,
the motion of the electrons becomes so
rapid that some of them break away from
the surface of the material and are set free
in space. In the absence of any external
attraction, most of these freed electrons re-
turn to the conductor, because by leaving
the conductor these free electrons left the
conductor with an electron deficiency, or
positive electrical charge. This positive
charge attracts the negative electrons nearby.
In addition, the negative charge exerted by
the electrons already present in the “Space
charge” exerts an inward repelling force on
those leaving the conductor. This release
of electrons by a heated body is called
electron emission. The heated body that
acts as the source of electrons in a vacuum
tube is the cathode. A cathode may take the
form of a directly heated filament wire, heat-
ed by the passage of electric current, or it
may be an indirectly heated metallic sleeve,
heated by an internal heater winding that is
connected to a source of electric energy. In
all modern vacuum tubes the surface of the
cathode material is chemically treated to
increase the emission of electrons when heat-
ed. The two principal types of surface treat-
ment include Thoriated Tungsten Filaments,
as used in medium and high power trans-
mitting tubes, and ‘Oxide Coated Filaments,
or cathode sleeves;. such as used in most
receiving tubes. Pure Tungsten filaments
are practically obsolete except for use in
high power water-cooled transmitting tubes
where it is impossible to maintain a high
enough vacuum to permit the use of the
superior Thoriated Tungsten type of fila-
ment.

Emission Current: :

When a heated cathode and a separate
metallic plate are placed in am evacuated
envelope, it is found that a few of the elec-
trons thrown off by the: cathode feave with
sufficient velocity so .that they reach the
plate. If the plate is connected electrically
to the cathode, these éleétrons will flow back
to the cathode, due to the- difference in elec-
trical charges causéd by the electron leaving
the cathode and reaching-the -plate. This
small current that flows is the plite current.
If a battery, or other source of~-DG voltage is
placed in the external circuit ‘between the
plate and the cathode, so thatthe battery
voltage places a positive potertial on the
plate, the flow of current from thé.cathode
to the plate is greatly increased:: This is due
to the high attraction offered -by the:posi-
tively charged plate . for - any negatively
charged particles (electrons) -neatby. -.Jf the
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positive potential on the plate is increased,
the flow of electrons between cathode and
plate will also increase up to the point of
saturation. Saturation current flows when all
of the electrons leaving the cathode are at-
tracted over to the plate, and no increase in
plate voltage can increase the number, be-
cause the plate is already getting all of them.
If the temperature of the cathode is raised,
there will be an increase in the number of
electrons thrown off the cathode, and thus
the plate current will be raised. Operating
a cathode at a temperature materially above
rating will cause a shortening of the life of
the cathode. Attention should be called to
the fact that tubes with Thoriated Tungsten
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filaments are rather sensitive to changes in
filament temperature; thus a close control
over the filament heating voltage should be
provided. If there is any doubt about the
filament voltage, it is better to operate the
filament slightly higher than normal, rather
than below normal, especially if the tube
is operating with high plate current.

Diode Rectification

If a negative charge is applied to the
plate, the electrons in the space charge are
repelled back to the cathode and no current
flows in the circuit between cathode and
plate. Thus, in a vacuum tube, current can
flow from cathode to plate . . . but not from
plate to cathode. If an alternating voltage
is applied to the plate, current will flow
only when the plate is positive with respect
to the cathode. This current will be pulsat-
ing, but unidirectional. If a suitable smooth-
ing filter is placed in the circuir, the pulsa-
tions will be smoothed out, and the result
will be a flow of direct current in the ex-
ternal circuit. This is the process known
as rectification and it is widely used in
radio circuits. All vacuum tubes used as
amplifiers require the application of a rather
high positive DC poteatial to the plate. This
potential is usually obtained by stepping up,
rectifying and then smoothing the alternating
current supplied by the power mains. Other
applications of the principle of rectification
occur in radio receivers and transmitters.
Detection, or demodulation of a high fre-
quency wave, requires that the wave be
rectified. The process of modulation necessi-

.

tates a form of rectification, or non-linear
response.

Vacuum Tubes As Amplifiers

The addition of a mesh-like grid in the
space between the cathode and the plate in a
vacuum tube allows a wide control over the
electron flow from cathode to plate to be
exercised by the application of a relatively
small control voltage to the grid. A three-
element tube is termed a triode. When the
grid is given a negative charge, with respect
to the cathode, it repels inward the electrons
around the cathode, which reduces the flow
of plate current. If the voltage on the grid
is made high enough, it totally stops the
flow of plate current. The negative grid
voltage at which the flow of plate current s
stopped is called “cut-off bias”, and depends
on the grid-to-plate spacing, as well as the
closeness of mesh of the grid structure. When
the potential of the grid is made positive,
with respect to the cathode, electrons are
attracted outward and away from the space
charge area surrounding the cathode, and
most of them speed on through and past the
grid and reach the plate with increased
velocity. This increases the plate current.
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Some of the electrons are intercepted by the
grid and flow back to the cathode through the
external grid circuit, but this grid current is
usually quite small in comparison to the
plate current. The ideal grid structure would
be one that would give high acceleration to
the electron flow when positive, yet would
not intercept any grid current. The inter-
ception of grid current requires that the
source of the controlling voltage applied to
the grid will supply enough power to swing
the grid voltage to the required positive
point, in spite of the resisting effect of the
grid current.

A vacuum tube amplifies the voltage ex-
cursions of the grid Ey reason of the fact
that the effected change in plate current
causes a similar amplified voltage drop to
take place across an impedance in series with
the plate circuit.

Tetrodes and Pentodes

Tetrode indicates the presence of four
elements, and Pentode indicates five ele-
ments.
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A tetrode consists of a triode to which has
been added a second grid between the con-
trol grid and the plate. This grid is usually
maintained at a positive potential, with re-
spect to the cathode. The purpose of this
grid is twofold. First, it accelerates the
electron flow from cathode to the plate, im-
proving the ability of the tube to amplify
voltage. Second, it provides a grounded
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electrostatic screen between the plate and the
control grid, so that energy will not be fed
back to the control grid through the plate-
to-grid capacitance of the tube. If the ampli-
fication through the tube is high enough, this
feedback, or regeneration of energy, might
set the tube into self oscillation, which would
destroy its usefulness as an amplifier. This
regeneration is put to work in certain de-
tectors and in all oscillators, but its presence
is undesirable in most amplifier applications.
The tetrode has several disadvantages, the
principal one being that the instantaneous
AC plate voltage caused by the changing
plate current cannot be allowed to swing to
a value below the fixed positive potential on
the outer, or screen grid. When the poten-
tial on the plate becomes less than the poten-
tial on the screen grid, the secondary elec-
trons constantly being driven out of the
plate by the impact of those arriving from
the cathode fall into the more positive
screen, instead of falling back into the plate,
as they normally do. This increases the
screen current and, under certain conditions,
gives the tube negative plate resistance. This
effect causes bad distortion in a voltage
amplifier and limits the output of a power
amplifier.

The pentode was developed to avoid this
disadvantage of the tetrode. A third grid
is added between the screen grid and the
plate for the purpose of shielding the plate
from the screen grid, so that the secondary
electrons emitted from the plate will be
forced to fall back into the plate and are
prevented from going over to the screen.
This outer grid in a pentode is called the
suppressor grid because it suppresses the
secondary electrons driven out of the plate.

Pentodes are highly useful for all class A
voltage and power amplifications, although
they are not as desirable as triodes in high
efficiency power amplifiers (above 40% plate

efficiency). The main drawback to the use
of tetrodes and pentodes in high efficiency
power amplifiers is the fact that the pres-
ence of the additional grids raises the plate
resistance somewhat more than the ampli-
fication factor. Thus the control-grid to
plate Transconductance cannot be as high as
in a similar triode. Transconductance is the
best yardstick of ability to amplify power,
particularly at the high plate efficiencies re-
quired by economy considerations in the con-
struction of radio transmitters,

Gaseous Conduction

If a diode vacuum tube is evacuated and
then filled with a gas, such as mercury vapor,
its characteristics differ materially from the
high-vacuum type of diode tube.

As the electrons, emitted by the heated
cathode, move toward the plate at a con-
stantly increasing velocity, during the half
cycle during which the plate is positive with
respect to the cathode, they collide with the
atoms of gas or mercury vapor, If the mov-
ing electrons attain a velocity equivalent to
falling through a potential difference of
10.4 volts (for mercury), they are able to
knock electrons out of the atoms of mer-
cury with which they collide. The atoms
which have thus lost an electron are left
with a positive charge and are called positive
ions. These positive ions are repelled by
the positive plate and attracted by the nega-
tive cathode. Thus the positive ions move
inward toward the cathode. The positive
field surrounding the ions tends to neutralize
the negative space charge as long as satura-
tion current is not drawn out of the cathode.
This neutralization of the negative space
charge around the cathode tremendously re-
duces the voltage drop across the tube, which
reduces the heating of the diode plate as well
as improving the voltage regulation of the
circuit in which the twbe is used. This
greatly increases the efficiency of rectifica-
tion because the voltage drop across any
vacuum tube represents a waste of power.

If a grid is placed between the cathode and
plate in a gaseous vacuum tube, the starting
of the plate current flow can be controlled.
A negative bias (or an absence of the re-
quired positive bias, in positive grid control
tubes), prevents the flow of electrons from
starting,. However, once the flow of elec-
trons has started and the gas has become
ionized, the grid loses all control over the
electron stream, and plate current will con-
tinue to flow until the positive potential is
removed from the plate. The grid will re-
gain control if the positive potential is re-
moved from the plate, even if only momen-
tarily. As the plate potential changes in
polarity during each AC cycle when the tube
is used as a rectifier, the grid can gain con-
trol of the flow after every positive half
cycle when the plate goes negative. Grid
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controlled rectifiers (trade names: Thyra-
tron and Grid Glow tubes) are quite useful
in variable output DC power supplies, be-
cause the grid allows a_control over the out-
put voltage by varying the point in each AC
cycle that the tube starts to pass curtent. The
later the starting point, the less the voltage
output, due to the shortening of the plate
current pulses. Grid controlled rectifiers
are also used in keying a CW transmitter,
and also in applying carrier control to the
plate power supply of a modulated amplifier.

Grid controlled rectifiers, as well as all
gaseous conduction tubes, are useful 6nly at
very low frequencies, 500 cycles and below.
They are very unstable at higher frequencies
due to the finite time required for the in-
ternal gas to de-ionize after each cycle of
conduction.

Yacuum Tube Characteristics

The characteristics of a vacuum tube de-
fine the various electrical features which de-
scribe the ability of the tube to perform the
various functions for which vacuum tubes
are used. The characteristics of a tube are
obtained by operating the tube under cer-
tain known electrode voltages, and then
measuring the electrode currents. By plot-
ting the change in any electrode current as
any one of the electrode voltages is changed,
a characteristic curve is obtained. The static
characteristic curve is obtained with differ-
ent DC potentials applied to the tube ele-
ments, while the dynamic characteristic curve
is obtained by applying an AC voltage on the
control grid under various conditions of DC
potentials on the electrodes. The Dynamic
Characteristic gives an indication of the
performance of the tube under actual op-
erating conditions.

From three sets of static curves it is pos-
sible to calculate in advance the actual per-
formance of practically any type of vacuum
tube amplifier or detector. Dr. Everitt and
Dr. Terman have done a great deal of work
in developing means by which the optimum
operating conditions for the operation of
class B and class C power amplifiers can be
accurately determined in advance. This in-
formation, in the form of curves or tables,
will probably be made available soon by the
tube manufacturers, so that proper values
of bias, plate voltage, grid current and plate
current can be chosen in order to obtain
optimum power output and plate efficiency
from any power amplifier.

Dynamic Characteristics
Amplification Factor
The amplification factor, or 4, is the ratio

of the change in plate voltage to a change in
control grid voltage in the opposite direction,

given the condition that the plate current
stays constant. For example, if the plate
voltage is changed 20 volts, and if it requires
a change of 2 volts (opposite polarity) in
the control grid voltage to hold the plate
current constant, the amplification factor is
20 divided by 2, or 10.

The amplification factor alone does not
indicate the ability of a tube to amplify! It
does offer a hint as to the usefulness of the
tube as a voltage amplifier, but without
specifying plate resistance it is absolutely
useless as an indication of power amplifica-
tion. The bias required by any type of
vacuum tube amplifier is closely related to
the amplification factor of the tube used.

Plate Resistance

The plate resistance (Rp) of a vacuum
tube defines the AC resistance of the plate to
cathode circuit of a vacuum tube. It is the
ratio of a small change in plate voltage to
the resulting change in plate current. For
example, if a change in plate voltage of 20
volts causes a change in plate current of 10
MA, the plate resistance equals 20 divided
by .01 ampere (10 MA), or 2000 ohms. It
is desirable to make the plate resistance of a
tube as low as possible, especially in power
amplifiers. This enables the load circuit
coupled to the plate to make a more effective
impedance match, and also allows the use
of a lower plate voltage than would other-
wise be possible,

Transconductance

The control grid-plate transconductance
(Sm) (formerly called Mutual Conductance)
combines in one term the 4 and the plate
resistance of a vacuum tube, and is the
ratio of the first to the second. Trans-
conductance is also the ratio of a small
change in plate current to the small change
in grid voltage causing the change, given the
condition that all other voltages remain con-
stant. For example, if a grid voltage change
of 5 volts causes a plate current change of
10 MA, the transconductance is .01 divided
by 5, or .002 mho. This is usually expressed
as 2000 micromhos. The MHO is the unit
of conductance, and was named by spelling
OHM backward. This is logical, since con-
ductance is the reciprocal of resistance.

A convenient means of determining trans-
conductance without any calculations is to
read the plate current change caused by a
change of exactly one volt on the control
grid. By multiplying the resulting plate
current change in milliamperes by 1000, the
transconductance is obtained directly in
micromhos.
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Vacuum Tube Amplification

A tube amplifies by reason of the fact that
a small change in grid voltage produces a
larger change in plate current than would be
produced by the same change in plate volt-
age. See Fig. 11, page 19. This function
can be used in a wide variety of ways, de-
pending on the result desired. There are
three principal types of tube amplifiers, and
two secondary types. These types differ
largely in choice of bias axis, angle of plate
current flow and whether the average DC
plate input is constant or variable.

Class A Amplifier

The class A amplifier is biased usually in
the middle of the linear portion of the dy-
namic characteristic curve. Plate current
flows for the whole AC cycle, or 360 degrees.
The average plate input is constant and inde-
pendent of signal amplitude.

This type of amplification is used in all
RF, IF and low-level audio amplifiers of
receivers. It is characterized by low plate
efficiency and power output, but almost in-
finite power gain, because the control grid
never goes positive and thus requires no
grid driving power.

Class B Amplifier

The class B amplifier is always biased to
the point known as “Theoretical Cut-Off".
The plate current is not zero at this point,
but is quite low (no signal present on the
grid). Theoretical cut-off bias equals the
plate voltage divided by the 4, or amplifica-
tion factor. It can also be determined by
extending the linear portion of the dynamic
characteristic down to the zero plate cur-
rent line and reading the negative bias in-
tercepted at that point. In class B amplifiers
the useful plate current flow should last for
exactly 180 electrical degrees, or one-half
a cycle.

The class B amplifier is used as an audio
power amplifier where it is too expensive to
provide the required audio power output
from a class A amplifier. It is also used to
give distortionless amplification of a radio-
frequency wave that has been modulated in
some preceding stage of the transmitter.
Class B is characterized by maximum plate
efficiencies of from 40% to over 70%, de-
pending on application. This type of ampli-
fier is a very good compromise between
power gain and power output, when used as
an amplifier of unmodulated radio-frequency
power. When used as an audio amplifier,
undistorted amplification requires the use
of two tubes in push-pull. The plate input
varies widely with the signal when used as
an audio amplifier, but the input remains
constant when amplifying a modulated radio-
frequency wave,

Class C Amplifier

The class C amplifier is biased consider-
able beyond the cut-off point. Plate cur-
rent flows for less than 180 degrees and the
plate current pulses are usually quite peaked,
which renders this type of amplifier unfit for
distortionless amplification. Thus it is prac-
tically always used as a radio-frequency
amplifier. When used with high bias, plate
voltage and grid drive it is capable of very
high plate efficiency and power output, al-
though the power gain drops as the plate
eficiency and power output go up. It is also
used as a plate modulated RF power ampli-
fier, in which case it must be biased to at
least twice cut-off.

Class AB Amplifier

The class AB amplifier is biased some-
where between the class A and the class B
point. Plate current flows for more than
180 degrees, but less than 360 degrees. The
plate efficiency and power output .are inter-
mediate between class A and class B, and
tubes with low plate resistance and low
amplification factor are usually used in this
type of service. This type of amplification
is almost exclusively used for audio fre-
quencies, and must be used as a push-pull
amplifier to avoid distortion. The class AB
amplifier was formerly called the class A
Prime amplifier.

Class BC Amplifier

The class BC amplifier is biased some-
what beyond cut-off, and thus plate current
flows for less than 180 degrees. The only
applications of the class BC amplifier at the
present time are the modulation gaining RF
linear amplifier and the grid bias modulated
RF amplifier. In both these amplifiers, fixed
low resistance bias equal to Theoretical Cut-
Off is supplemented by approximately an
equal amount of cathode resistor bias. This
arrangement permits the angle of plate cur-
rent flow to be constant and independent of
the audio modulation signal, even though
the actual plate current flow is less than 180
degrees. The power output, plate efficiency
and power gain are intermediate between
class B and class C,

Detection

The process of detection, or demodulation,
is used to separate the audio modulation from
the radio frequency carrier wave that brings
the signal from the transmitter to the receiver.
Detection always involves rectification, or non-
linear amplification of an AC wave. All other
detectors provide exactly the same rectifica-
tion but the triode, tetrode and pentode de-
tectors also combine the function of ampli-
fication, which is advantageous in ¢hat more
overall amplification can be obtained from
fewer tubes. The plate detector (or bias
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A~ GRID DETECTION

Showing how the average plate
current decreases.

B—- PLATE
Showing how the average plate current
increases.

DETECTION

detector, sometimes improperly called power
detector) amplifies the radio-frequency wave
and then rectifies it and passes the audio
signal component on to the succeeding audio
amplifier. This detector works on the lower
bend in the plate current characteristic as it
is biased out close to the cut-off point. It
might be called a class B amplifier. Plate
detectors can be either of the weak signal, or
power type. The plate current is quite low
in the absence of a signal and the audio
component is evidenced by an increase
in average unmodulated plate current.
The grid detector rectifies in the grid
circuit and then amplifies the resulting
audio signal. The only source of grid
bias is the grid leak, so that the plate cur-
rent is maximum when no signal is pres-
ent. This detector works on the upper, or
saturation bend, at higher plate voltage,
and the demodulated signal appears as
an audio frequency decrease in average
plate current. However, at low plate voltage
most of the rectification usually takes place
as a result of the curvature in the grid cur-
rent characteristic. As with plate detectors,
grid detectors can be either of the weak sig-
nal or power type. By a proper choice of
grid leak and plate voltage, distortion can be
held to a small value. The grid detector
takes some power from the preceding stage
because it draws some grid current. The
higher gain through the grid detector does
not indicate that it is more sensitive.  De-
tector sensitivity is a matter of rectification
efficiency, not amplification alone.

The grid detector has an advantage when
used as a regenerative detector because the
grid-leak usually allows a somewhat smoother
control of regeneration than is possible with
any form of plate or bias detection.

Oscillation

The phenomena of sustained oscillation is
obtained by couEIing the output of a vacuum
tube amplifier back into its input or grid

circuit so that the first impulse to reach the
grid of the tube is successively amplified and
then fed back to be again amplified until the
amplitude of the impulse becomes as large
as the tube can handle, at which time the
amplitude of the impulse becomes constant
and oscillation becomes continuous. The
frequency of oscillation is usually deter-
mined by the resonant frequency of a tuned
circuit located in either the grid circuit,
plate circuit or common to both circuits.
Most oscillators operate class C, draw grid
current on part of each cycle and obtain their
grid bias from the voltage drop caused by
the flow of the grid current through a grid
leak resistor.

The best way to classify regenerative vac-
uum tube oscillators is by the feedback
coupling method. All such oscillators use
either capacitive or inductive coupling from
the plate circuit back into the grid circuit.
Usually very low-frequency oscillators (be-
low 100 KC) use some form of inductive
coupling. Oscillators for use between 100
and 100,000 KC can use either capacitive or
inductive feedback, while oscillators that use
regenerative feedback above 100,000 KC
usually require some form of capacitive feed-
back.

At frequencies above 100,000 KC (3
meters) the effectiveness of the regenerative
oscillator drops off rapidly because the time
of flight of the electrons between grid and
plate becomes a large fraction of one cycle
of oscillation. The losses in regenerative
oscillators also become so large at these
high frequencies that the plate circuit is in-
capable of supplying the grid losses, let alone
supplying power for driving an amplifier or
antenna.

Thus at frequencies above 100 MC (100,000
KC), the newer Electron Orbit oscillator is
becoming more widely used. This type of
oscillator can be of several forms, the more
important being the Magnetron and the Bark-
hausen-Kurz oscillators.
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Analyzing the Receiver

of a radio receiver, the parts that induc-

tance, capacity and various associated
elements play in a circuit must first be con-
sidered. For ease of explanation, it is ad-
visable to begin with the more simple
receivers. We will first consider simple de-
tectors of the grid-leak and plate detection
types. Each element in a typical receiver will
be treated according to its importance in the
circuit.

Electro-magnetic waves produced by a dis-
tant transmitting station cut across the re-
ceiving antenna in such a manner as to in-
duce a voltage of a small magnitude in the re-
ceiving antenna. By means of either the lead-
in or feeder, this minute voltage is applied
across an inductance placed in series with the
antenna lead. When this small voltage passes
through the inductance it induces a current in
it that is proportional to the reactance. This
current, in turn, sets up an electro-magnetic
field around the inductance, the strength of
this field being dependent upon the amplitude
of the current, the number of turns and the coil
reactance at the frequency of the incoming
wave,

Reactance is the property of a coil or con-
denser that offers opposition to the flow of
alternating current. Impedance is the sum of
the reactances, either inductice or capaci-
tative, or both, and the resistance.

Assuming that the inductance in the an-
tenna circuit is untuned, i.e., an inductance
without any shunt capacity other than its
own distributed capacity, we find that the
induced voltage across the coil will be equal
to the current times the reactance. This re-
actance is called the Inductive Reactance and
is equal to two times 7 (3.1416), times
frequency, times the inductance. What we are
trying to obtain is the maximum voltage
across the antenna coil so that we may have
a stronger magnetic field to cut across the
turns of the receiver grid coil. Anything that
can be done to increase the magnitude of
the voltage in this coil will result in a
greater voliage being applied to the grid of
the detector tube. This means greater ampli-
fication.

Returning to impedance and its relation
to voltage, consider the effect of changing
the untuned antenna coil into a tuned, par-
allel resonant circuit. This can be accom-
plished by the simple expedient of adding a
capacity, capable of variation, across the in-
ductance. As soon as this is done, the volt-
age is no longer equal to the inductive re-
actance times the current, but is now equal
to the current times the ratio of the reac-
tance and the resistance. The impedance of
such a circuit drops off rather rapidly at
either side of resonance; the voltage, and

IN ORDER to attempt a complete analysis

consequently the signal, fall off proportion-
ately.

The above, simplified, means that an an-
tenna circuit that is tuned exactly to the
signal frequency will give considerably
greater gain than one that is untuned and
bat may consequently differ from the reso-
nant frequency by considerable ameounts.

The energy from the antenna can be ap-
plied either directly, or across the plates of
a condenser connected to the grid side of
the coil. This latter form of coupling is
known as Electrostatic Coupling. From the
previous analysis of electromagnetic coup-
ling it will be apparent that this type of
coupling has no voltage gain in itself, and
is therefore inferior, though possibly more
convenient than the former.

In any case, where the antenna circuit is
coupled closely to the grid circuit, some elec-
trostatic coupling is bound to exist, due to
the capacity between the metals in both in-
ductances. A combination of these two forms
of coupling is undesirable in most cases,
since electrostatic coupling permits steep
wave-front voltages, such as static and noise,
to have greater paralyzing effect on the grid.
Pure inductive coupling is usually only pos-
sible if the separation between the two coils
is made large, or through the use of an
electrostatic shield (Faraday screen).

When a voltage 1s applied across the an-
tenna coil an electromagnetic field is set up
around this coil. It is a fuadamental law of
electricity that when a conductor cuts
through a magnetic field, a voltage is set up
in the conductor; the amplitude of this volt-
age depends upon the strength of the mag-
netic field at the point at which the con-
ductor cuts it. It follows, therefore, that to
induce a voltage in the grid coil of a detec-
tor circuit, it is merely necessary that this
coil be placed in proper relation to the an-
tenna coil; in other words, coupled to this
coil. The amplitude of the induced voltage
will depend upon the strength of the mag-
netic field set up, the proximity of the two
“tanks” and the impedance of the grid 'tank”
to the particular frequency.

The impedance of the grid tank will fol-
low the same rules as set forth for the an.
tenna tank, since they are both parallel reso-
nant circuits and are both maintained at res-
onance with the incoming frequency. At this
point it is necessary to take into considera-
tion another property of resonant circuits
and that is what is familiarly known as the
“Q”. This 'Q"” may be defined as the induc-
tive reactance divided by the resistance, and
is further greatly influenced bv the physical
dimensions of the coil. The “Q" of a coil
is a factor of merit; the higher the “Q" the
better the coil. Authorities differ quite
widely on the ideal shape for a coil, but it
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is fairly safe to say that very long, narrow
coils or short, squatty coils are to be avoided.
A coil whose length is approximately equal
to its diameter is generally considered best.

The diameter of the wire used to form the
coil also has a definite influence on the “Q".
Generally speaking, the wire size should be
as large as is practicable to get into a given
winding space. It should be remembered
that nearly all the resistance in a parallel
resonant circuit is contributed by the induc-
tance; the average well designed condenser
has negligible resistance. Nearly all of the
resistance in the inductance is contributed by
“skin effect.”” This skin effect increases al-
most directly with frequency and is intro-
duced at high frequencies because the cur-
rent does not distribute itself equally
throughout the conductor but travels only on
the outermost surface. As a helpful means of
visualizing this phenomenon it is well to
suggest a mechanical analogy. Try to imag-
ine a force moving through a hollow tube
with such velocity that matter ahead of it,
instead of being pushed so as to evenly fill
the opening of the tube, is pushed with
such force that the force actually gets ahead
of it and repels the matter to the walls of
the tube. It is clear, then, that in order to
provide ample surface for the current to pass
along, it is necessary to use a much larger
diameter conductor than would be the case
if the current was equally distributed
throughout the conductor.

Round conductors are alwavs better than
flat strips because, even if the flat strip has
more surface area, the fact remains that the
current does not distribute evenly over the
entire surface but has a maximum density at
the edges, with low density on the sides.

Distributed capacity, or that capacity ex-
isting between successive turns and also be-
tween these turns and the ends, is to be
avoided in any receiver coil since this ca-
pacity has the effect of lowering the "Q".
Space winding is one means of lessening this
effect. Where the conductor is large in di-
ameter, space winding is also of advantage
in cutting down the skin effect due to the
currents set up in adjacent turns. Dielectric
loss due to poor material coil forms also
has the effect of lowering the "Q".

In summariizng the ideal inductance it
would be one having the following prop-
erties:

1. A shape such as to make the length
approximate the diameter.

2. Entirely air supported. Since this con-
dition is practically impossible for general
use, a compromise must be adopted. It takes
the form of a coil support of low-loss di-
electric, such as Isolantite.

3. A wire size of ample proportions. This
also must be a compromise, since with exces-
sive diameters of wire, the skin effect and

distributed capacity more than offset the gain

due to increased surface. For all practical re-
ceiving purposes the wire size should hardly
exceed No. 16 gague.

4. A spaced type of winding. The spacing
will be more or less dictated by the length-
to-diameter rule. In general, the spacing
should not exceed twice the diameter of the
wire,

Considering the coil and condenser as a
unit (a parallel resonant circuit) the follow-
ing stipulations should prevail :

1. In order for the circuit “Q" to be as
high as possible, the inductance-to-capacity-
ratio should be very high, i.e., the circuit
should have a preponderance of inductance
to tune to a given frequency. Here, again
practicability dictates the largest amount of
inductance that can be used.

2. The tuning condenser should be of a
good mechanical and electrical type and
should preferably have a material such as
Isolantite for the insulating portion. Some
sort of pigtail or a good positive, wiping
contact must be used to make contact to the

rotor in order to reduce high resistance at
this point.

The Yacuum Tube as a Detector

EFORE TAKING the amplified voltage

from the tank circuit and applying it to

the grid of the detector, let us first con-
sider some fundamental properties of vac-
uum tubes so that we may better understand
the functions.

The question often arises as to why a de-
tector must be used at all. Consider the na-
ture of the incoming signal. This signal, we
will assume, will take the form of a sine
wave at, let us say, 3000 KC, or 3,000,000
cycles. A moment’s thought will convince the
most skeptical that even the finest of tele-
phone receivers are incapable of responding
to such frequencies due to the inherent in.
ertia of the diaphragm.

In order to convert signals at radio fre-
quencies into signals that may, through
sound waves, impress themselves upon the
ear, it becomes necessary to rectify the in-
coming signal. This rectification demands
that the signal be passed through some form
of device that will allow current to pass in
one direction only. The ordinary rectifier
used for receiver power supplies is such a
rectifier, and the comparison is not so far
fetched as it may seem, since the forerunner
of all vacuum tubes, the Fleming Valve, was
just such a device. This type of rectification
is, of course, half-wave-rectification, since
only one half of the cycle of the sine wave
is passed and the resultant wave form is
pulsating DC. .

If the radio frequency wave is passed
through such a device the output wave, be.
ing-in one direction only, is capable of op-
erating telephone receivers, or a loud speaker.
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No longer does the wave contain both posi-
tive and negative half-cycles. Consequently
the diaphragm of the receiver can register.
The frequency of the rectified signal is still
the same of the original signal and obviously
the inertia of the diaphragm is such as to
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make such fast movement impossible. We are
speaking now of a pure, unmodulated sine
wave signal. If the original signal carries
modulation, either in the form of a single or
complex frequencies, the story is quite dffier-
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ent. In this case, the incoming signal will be
varying in amplitude in accordance with the
modulation frequencies, originally impressed
upon it and the output from the rectifier would
also vary in the same relation. The result of
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this is to allow the receivers to move in more
or less direct accordance with the rectified out-
put. In this manner, the original signal is
changed from radio frequency to sound wave
impulses which we are able to hear.

It should not be thought for a moment
that the simple phenamenon that has just
been described is the entire story of detec-
tion—quite the opposite, it is considerably
more involved. With the above facts well in
mind, the reader should be in a receptive
mind for what is yet to come.

Rectification can be accomplished by ap-
plying a signal to a device in which the
output current is not proportional to the in-
put voltage. The vacuum tube is such a de-
vice, under proper operating conditions.

WHAT RECEIVER SHALL
| BUILD?

® The first problem which confronts the
builder of a receiver is to determine what
type of receiver best suits his needs., There
are practically as many types of receivers as
there are kinds of amateurs, There is no such
thing as the perfect receiver because condi-
tions under which they are operated, and the
personal choice of the operator vary under
wide conditions. Any receiver represents a
compromise of such factors as cost, size, ac-
cessibility, convenience, dependability, versa-
tility, output desired and the purpose for
which it is to be used.

The first step in determining the receiver
best suited for your purpose is to decide
whether a regenerative autodyne, or a super-
heterodyne is to be built. If the constructor
has had no experience in building receivers,
he is advised to first build the more simple
autodyne type receiver, using from two to
four tubes, instead of the more complicated
multi-tube superheterodynes which may have
from six to twelve tubes, or more.

The constructor who chooses the regenera-
tive autodyne receiver will then weigh the
compromises involved in this type of re-
ceiver. If he lives in a metropolitan area,
where power lines, street cars, oil furnaces
and other sources of man-made interference
are prevalent, he must choose a particularly
well shielded receiver. He may also resort
to battery operation in order to minimize the
noise pick-up from sources of interference
which are carried into the receiver through
the 110-volt power line. If, on the other
hand, he lives in the country, remote from
serious man-made noise, shielding is a mat-
ter of lesser importance and thus a somewhat
simpler receiver will give entirely satisfac-
tory results.

If his location is closely adjacent to pow-
erful transmitters which might block the
receiver or cause the detector to lock up, it



Page 26

THE '"RADIO" HANDBOOK

will be necessary to provide a tuned stage of
radio-frequency amplification, or some other
form of volume control, in order to obtain
satisfactory selectivity. At the same time it
may be necessary to choose a somewhat less
sensitive detector circuit in order to make
the detector less suspectible to overload.

One of the most important features is cost.
Although every set builder will desire to use
the most expensive coil forms, tuning con-
densers and vernier dials, it is essential to
strive for a happy medium when choosing
a receiver circuit which makes the best use
of the parts available,

A receiver which is to operate on only one
band is much easier to build than one which
must operate satisfactorily in the entire range
of from 160 meters to 10 meters. A band-
spread condenser combination which gives
good results when used on 20 meters will
not be satisfactory when used to cover the
160-meter band. Thus if the constructor de-
sires to operate on two such widely differ-
ent frequencies, he must sacrifice a little con-
venience and efficiency on one or both of
these bands.

Afetr having built one or two autodyne
receivers, the constructor may then desire to
undertake something a little more complex,
such as a superheterodyne receiver. Few su-
perheterodynes are more sensitive than a
good regenerative autodyne, although they
are far more selective. In other words, they
reject unwanted signals to a greater degree
and they are less susceptible to overloads
from powerful local stations.

In general, superheterodynes should be
classified according to their use, because the
ideal superheterodyne for CW reception dif-
fers in many respects from a superheterodyne
which is to be used entirely for phone re-
ception. Superheterodynes for both CW and
phone reception must necessarily be a com-
promise between the two ideals.

In a superheterodyne purely for CW re-
ception, the two most important points are
(1) extreme selectivity; (2) freedom from
noise. There has not yet been a superhetero-
dyne built which is too selective for CW use
or 100 free from noise. A superheterodyne
for CW use also must have particular at-
tention given to the high-frequency and beat-
frequency oscillators, because the frequency
drift in either oscillator, even if only a few
cycles, can cause the received signal to en-
tirely disappear. This point is less impor-
tant in a receiver for phone use, because a
phone signal is considerably broader than a
CW signal, and oscillator drift is rarely
troublesome.

Conventional automatic volume control
systems have no place in a CW receiver be-
cause they are designed to operate from the
variations in a continuous carrier and the
variations in sensitivity caused by a CW

signal merely make the signal hard to read.
Likewise, high fidelity has no place in a su-
perheterodyne for CW use. In fact, many of
the best CW superheterodynes utilize inten-
tionally-poor audio fidelity by means of a
peaked audio filter which passes the audio
beat note being received, and suppresses all
others.

A superheterodyne used only for phone re-
ception should not have the extreme selec-
tivity required for CW use because it must
pass the modulation sidebands as well as
the carrier coming from a distant transmit-
ter. Thus the conventional type of series
crystal filter is usually undesirable in a phone
receiver because the extreme selectivity of
the crystal flter seriously impairs the intelli-
gibility of the received voice signal.

Automatic volume control belongs in a re-
ceiver for phone use, as does good fidelity
in the audio channel. A receiver for phone
use will usually have more audio amplifica-
tion than a receiver for strict CW reception,
in order to satisfactorily drive a loud speak-
er. This is because the majority of phone op-
erators prefer loud speaker reception, while
most of the CW men prefer the use of
headphones. A receiver designed exclusively
for phone use probably would not require a
beat frequency oscillator, but in a CW re-
ceiver the beat-frequency oscillator is essen-
tial in order to produce zn audible tone in
the headphones.

The question of pre-selection arises in the
design of both CW and phone superhetero-
dynes. Pre-selection ahead of the first detec-
tor is used solely to minimize what is known
as “image interference.” An explanation of
image interference requires a brief outline
of how a superheterodyne operates. The im-
portant point to remember in connection
with a superheterodyne is that instead of
tuning the heart of the receiver to the in-
coming signal, it remains fixed on one fre-
quency and the received signal is then
changed in frequency to the frequency of
the intermediate amplifier, which is the real
heart of the superheterodyne. This portion
of the superheterodyne provides 90 per cent
of the selectivity and amplification achieved
in the entire receiver. The undesired image
response is a characteristic of the frequency
changer in the front-end, which consists of
the first detector and high-frequency oscil-
lator. An incoming signal from the antenna
is applied to the input of the first detector,
or mixing tube. Another signal is applied to0
this detector or mixing tube; this second sig-
nal originates in the high-frequency oscilla-
tor. The presence of these two signals in the
mixing tube causes the generation of sum
and difference beat notes in the mixing tube
plate circuit. For example: suppose the sig-
nal coming from the antenna is exactly 7,000
KC, and the signal coming from the local
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high frequency oscillator is 7,460 KC. In the
plate circuit of the mixing tube there will be,
therefore, the sum and difference of these
two frequencies, namely 14,460 KC and 460
KC. It is the 460 KC that is wanted, because
this is the frequency to which the intermedi-
ate frequency amplifier is tuned, in this par-
ticular case. It will be seen that the differ-
ence frequency is the one usually chosen. The
sum frequency (14,460 KC) would be by-
passed to ground in the first intermediate
amplifier transformer.

While the desired signal was 7,000 KC,
and the local oscillator frequency was 7.460
KC, it is seen that if there is a signal of
7920 KC present in the antenna and first
detector circuits, this 7,920 KC frequency
will also "heterodyne” or “beat” with the
local oscillator frequency of 7,460 KC to
produce a difference frequency of 460 KC.
Because one 460 KC signal is just like any
other 460 KC signal, the intermediate fre-
quency amplifier has no way of rejecting the
undesired beat produced by the 7,920 KC in-
terfering signal. This 7,920 KC signal has
been termed “the image,” and the frequency
of the image signal is almost always two
times the intermediate amplifier frequency
higher in frequency than the signal which
the operator is attempting to receive. There-
fore, the only way in which the undesired
image response can be minimized is to pro-
vide enough tuned circuits, or selectivity,
AHEAD of the first detector in order to se-
lect the desired signal and at the same time
to reject the image.

Image interference is not always present.
It only occurs when there happens to be a
rather powerful transmitter in operation on
a frequency twice the intermediate frequency
away from the desired signal being received.
Because the intermediate frequencies chosen
for most amateur work are in the neighbort-
hood of 450 KC, the image interference is
largely from stations approximately 900 KC
higher in frequency than the signal being
received. This means that the image cannot
be produced by other amateur stations, be-
cause none of the commonly-used amateur
bands are 900 KC wide. Thus the interfer-
ence generally originates from a commercial
or government station and because these sta-
tions are rather widely spaced in frequency
it will usually be found that there are less
than about six bad image points in each
amateur band. A selective pre-selector lo-
cated between the antenna and the first de-
tector will eliminate, or at least minimize
this form of interference, but the cost of
this preselection should be weighed against
the fact that the necessity for this pre-selec-
tion may only occur at about six points in
each amateur band.

It is suggested that the beginner avoid the
difficulties inherent in constructing an effi-

cient pre-selector and thus choose a super
without pre-selection. It is easy to add pre-
selection to a superheterodyne after it is
built and operating properly, if it is felt
that a pre-selector is necessary.

The Choice of a Detector in a
Regenerative Autodyne

The detector is the heart of a regenerative
autodyne receiver. There is a wide variety
of tubes available for use as detectors, each
having certain advantages and disadvantages.
The four most commonly used detector tubes
are the 76 and 6C6, for operation from house
lighting current, and the 30 or 32 types for
battery-operated sets. The 76 is a triode, as
is the 30, while the 6C6 and 32 are both of
the screen-grid type. Screen-grid detectors
are somewhat more sensitive than the tri-
odes, although they are more susceptible to
overload and also somewhat more difficult to
get going. In place of the 6C6 or 32, it is
often desirable to utilize a tube with a vari-
able mu, such as the 6D6 or 34. The variable
mu screen-grid tubes are slightly less sus-
ceptible to overload than the shatp cut-off
detectors, such as the 6C6 and 32, and the
variable mu tubes also afford a smoother
control of regeneration. These advantages
usually necessitate a sacrifice in sensitivity.

It should be remembered that the 24, 36
and 57 tubes are very similar to the 6C6. By
the same token, the 39 and 58 are similar to
the 6D6. Likewise, the 27, 37 and 56 will act
exactly like the 76 in most circuits. In the
battery-operated field there is less choice, al-
though the 99, 201A and the 12A are quite
similar in characteristics to the 30, and the
type 22 can be used in a circuit designed
for a 32.

Audio Coupling

The detector can be coupled to an audio
amplifier stage in three different ways. (1)
Resistance coupling; (2) Impedance or
Choke coupling; (3) Transformer coupling.

Resistance coupling is the least desirable
of the three methods, when working out of
a regenerative autodyne detector, because
the question of fidelity is relatively unim-
portant in a regenerative receiver, and fidel-
ity is the principal advantage of a resistance-
coupled amplifier. Resistance coupling can
be used out of either triode or screen-grid
detectors.

Impedance coupling (or choke coupling)
is particularly recommended when work-
ing out of a screen-grid detector because it
enables the full plate voltage to be applied
to the detector and also has enough distrib-
uted capacity so that any radio-frequency
present is easily by-passed to ground. The
only disadvantage of impedance coupling is
that it affords no voltage step-up, as does
transformer coupling. An impedance 1o work
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out of a triode detector should be approxi-
mately 50 henries at 15 to 20 milliamperes.
An impedance designed to give best results
out of a screen-grid or pentode detector
should be rated at more than 250 henries
at 5 milliamperes.

Transformer coupling is unsuited when
using a screen-grid or pentode detector, al-
though it is recommended when working
out of a triode detector. A step-up ratio of
approximately three-to-one gives the best
all-around results.

Audio Tubes

The choice of the audio output tube is
largely dictated by the amount of audio
power required. If loudspeaker operation is
desired, two stages of audio amplification
will usually be required, with a triode, such
as a 76, in the first stage, and a pentode, such
as a 41, in the second stage.

If headphone reception is desired, the sec-
ond stage will usually be eliminated, and
the phones will be connected in the plate
circuit of the first amplifier stage. For loud-
speaker use, any of the following pentodes
are recommended: 38, 41, 42, 47, 59, 89, 33
or 43. Any of the following triodes may
be used, but will require somewhat more
amplification: 12A, 71A, 45, 46, 2A3, 31,
120, etc.

For headphone reception any of the fol-
lowing tubes are” entirely suitable for use
as-audio amplifiers: 99, 30, 201A, 1124, 27,
37, 56, 76 and either of the following pen-
todes when connected as triodes (screen and
suppressor grids tied to plate): 57 and 6C6.

Plug-in Coils

Practically all regenerative receivers use
plug-in coils. This is also true of some of the
highest priced amateur and commercial super-
heterodynes. The advantages of plug-in coils
are only obtained when low-loss materials and
low-loss design are used. The very best low-
loss coil form is “dry air,”” or self-support-
ing of the coil winding. Next best are the
ceramic forms which use isolantite, mycalex,
or their equivalents. Then follow the special
mica compounds, such as the XP-53 and R39
compounds. Whereas celluloid is not as good
a dielectric as the aforementioned materials,
its advantage is the fact that an extremely
thin form will serve to effectively support
a coil winding, and because losses are a func-
tion of the volume of dielectric material in
an electric field, the thin celluloid therefore
makes possible the construction of an ex-
tremely low-loss coil form.

Wire for Coil Winding

Bare wire is better than insulated wire. It
should be as large in diameter as possible, in
order to reduce the radio-frequency resis-
tance. The coil winding should be space-

wound, although grooved ‘coil forms are
generally undesirable because they increase
the distributed capacity. The coils should be
placed as far away from metallic shielding
as possible. The socket material is as impor-
tant as the material from which the coil form
is made, because the socket is in the direct
field of the coil. Thus a good grade of
ceramic socket should be used. Leads to the
tube socket and tuning condenser should be
as short and direct as possible. Sharp bends
should be avoided. All joints should be
carefully soldered with rosin-core solder. A
hot iron should be used for all soldering op-
erations. The connecting wires should be
made mechanically secure to the connecting
points and all wiring should be well remote
from metal shielding.

METHODS OF BAND-
SPREADING

® Band-spreading is an electrical means of
obtaining tremendous gear reduction on
the tuning condenser dial of a receiver.
High-frequency receivers must cover a
very wide range of frequencies and there-
fore it is difficult to design a dial and drive
mechanism which will cover the desired
ranges, yet still provide sufficient “vernier”
(geared-down) drive so that weak signals
will not be passed over and missed without
hearing them. In newer all-wave broadcast
receivers this problem is solved by the use
of a two-speed dial arrangement, the low
reduction being provided for rough tuning
and the high reduction for fine tuning. This
is usually accomplished mechanically by
means of planetary gears. The system is
quite satisfactory, but rather difficult to
manufacture by the average amateur or ex-
perimenter. Practically the same effect can
be obtained by means of electrical band-
spread. Almost all receiver circuits use a
variation in the capacity of the tuned cir-
cuit for tuning purposes. In order to obtain
a small variation in tuning it is essential
that the capacity be increased or decreased
by a very small amount. It is difficult to
control a small increase or a small decrease
in the capacity of a large tuning condenser,
and thus most electrical band-spreading sys-
tems utilize two tuning condensers—one a
large condenser to give the rough tuning, the
other a very small condenser (two or three
plates) which can be connected in a wide
variety of ways to give fine tuning. The
first system is shown in Fig. 1 (A). It is
the most common system and consists of a
small condenser C2, connected directly in
parallel with the large condenser Cl. In
most high-frequency receivers the capacity
of C1 will be chosen so that the coil and
condenser combination will cover a fre-
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METHODS OF BAND SPREADING
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quency range of between 2-and-3-to-one. The
condenser C2 is much smaller than C1 and
will often be chosen so as to cover a band of
approximately 1000 KC,

Fig. 1 (B) shows a band-spread condenser
in series with the main tuning condenser.
Because the capacity of two condensers in
series is always smaller than the capacity of
the smaller of the two condensers, it will be
seen that both condensers in Fig. 1 (B) must
be considerably larger in capacity than the
corresponding condensers in Fig. 1 (A), in
order to cover the same frequency ranges.
Both of the systems shown in Fig. 1 (A) and
Fig. 1 (B) have the disadvantage in that the
degree of band-spread varies with the tuning
of C1, and thus if a given coil covered both
40 and 20 meters, the system may provide too
much band-spread for 40 meters and not
enough band-spread for 20 meters. In Fig.
1 (C) a method is shown whereby the band-
spread effect can be kept more or less con-
stant over a wide range of frequencies by tap-

ping the band-spread condenser across part
of a coil, instead of being tapped across the
entire coil, as in Fig. 1 (A). The position
of the tap varies with frequency. On the
larger low-frequency coils, the tap will be
placed near the top of the coil. On the
smaller high-frequency coils, the tap will
be placed proportionately farther down on
the coil in order to maintain an approximately
constant degree of band-spread. This system
has the disadvantage in that some selectivity
in the tuned circuit is lost. Fig. 1 (D) shows
another means of equalizing the degree of
band-spread over a wide range of frequencies.
Cl1 is the conventional large tuning condenser
of between 140 and 350 uufds. C2 and C3
are both band-spread condensers. C2 is a
condenser of approximately 50 uufds. for
band-spreading the 80 and 160-meter bands.
Condenser C3 can be approximately 15 to
20 uufds and is used on the 40 and 20 meter
bands. The proper condenser is chosen by
means of the switches shown. This system
has the disadvantage in that rather long leads
are required, as well as a possibility of losses
in the switch contact.

How To Calculate Filament
Dropping Resistor Values

® It is important that the filaments of all
tubes, either in a transmitter or receiver, be
operated at the rated flament voltage. If
the voltage is 100 low or too high, tube life
is materially reduced. When in doubt, it is
advisable to operate the filament at a slightly
higher than normal voltage, rather than at
lower than normal voltage. The value of a
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filament resistor can be calculated by means
of Ohm’s Law, a very simple formula which
indicates the relationship between voltage,
current and resistance. There are three fac-
tors in the equation. If any two are known,

the third can be determined. The three
forms of this equation are:
E
E=1IR R=— I =—
R

In these equations the symbol E stands for
voltage (electromotive force), 1 stands for
current (in amperes), and R stands for re-
sistance (in ohms).

For example, assume that you are using two
type 30 tubes with their filaments in parallel
and a 3-volt battery is used as a source of
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filament power. The 3 volts must be drop-
ped through a series resistor so as to get two
volts, which is the rated operating voltage

for the type 30 series of tubes. In order to
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FIG. 2. Two 40 MA tubes in series.

calculate the value of the filament dropping

resistance, the current drawn by the two

tubes from the battery must be determined.

The current in this case is 120 milliamperes,
E

or .12 amperes. From the equation R = — the

I
resistance is computed by dividing the desired
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FIG. 3. Series connection for dissimilar filament
currents.

voltage drop of one volt, (which is "I" in
this case), by 12/100, which is the same as
multiplying by 100/12. The equation then is
1 100

— X ——, which equals 8.3 ohms. There-
1 12

fore 8 ohms is the proper value of filament
resistor to use, because fractional value re-
sistors are not obtainable. (See Fig. 1).
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FIG. 4, Two dissimilar tubes in parallel.

Fig. 2 shows a circuit diagram of two volt
60 milliampere filament tubes with the fila-
ments connected in series. When connecting
two tubes in series it becomes necessary to
provide twice as much heating voltage as
when only one tube is used; however, there
is no increase in heating current. When the
filaments of two type 30 tubes are connected
in series, it is necessary to provide 4 volts
at 60 milliamperes (.06 amperes). Either a
4145 volt "C" battery or three 1145 volt dry
cells connected in series provide a convenient
means for operating two tubes in series. The

dropping resistor should be 8 ohms, which is
determined by dividing the voltage drop of
15 volt by the total filament current of .06
amperes. Care should be taken to see that
tubes which draw different values of filament
current should not be connected in series
unless special precautions are taken, as shown
in Fig. 3. A shunt resistor must be connected
across the filament of the tube drawing the
least current, so that the sum of the current
through the resistor, plus the current through
the filament which it shunts, is equal to the
current drawn by the other tube.

Fig. 4 shows the proper values of the
dropping resistor when the filaments of dis-
similar tubes are connected in parallel across
a 3 or 414 volt supply. Resistors for filament
dropping should preferably be of the variable
type, such as a rheostat, and an accurate low-
range DC voltmeter should be used to indi-
cate the voltage across the tube socket termi-
nals.

Coil Winding Data For
Beginners' Receivers

® Coil winding tables vary with the size of
the coil form used. The standard form is
115 inches outside diameter. A table is
given below for the number of turns required
or the coil winding to cover the four popu-
lar amateur bands. If forms larger than 115
inches in diameter are used, obviously fewer
turns will be required. Conversely, a smaller
form requires a greater number of turns for
each coil. It is a simple matter to use the
“cut and try” method when winding coils.
However, the table shown gives the
winding data for coils wound on standard
forms and tuned with a 100 mmfd. midget
variable condenser.

Wave- | LI, Secondary L2, Tickler
length Winding Winding
7 turns, No, 18 | 4 turns, No, 22
20 M | DCC, spaced | DSC, close
two diameters. | wound.
18 turns, No, 22
40 M | DSC wire, spac- | Ditto.
ed one diameter.
| 36 turns, No. 22 | 6 turns, No. 22
80 M | DSC wire, close | DSC, close
wound. wound.
72 turns, No. 32
; 11 turns, No. 22
DSC or SCC P
160 M | wire, close DSC or SCC,
] close wound.

Spacing between secondary and tickler coils

to be g-inch. The wire should be tightly wound
on the coil forms. Insulating varnishes should
be used sparingly, if at all. The most common
form of coil "dope" is known as Collodion, made
by diluting small pieces of celluloid in a vessel
containing about an ounce of Acetone.
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Tickler Winding

If the detector does not regenerate, re-
verse the tickler connections or add a turn or
two of wire to the tickler coil, until smoothest
regeneration is obtained.

L1
+ .
COIL FORR-\C';M 5\ SECONDAR
VIEWED F!
BOTTOM TICKLER

Reading from Right to Left, the coil connections
are as follows: Antenna {and grid condenser),
Ground, Plate, B Plus.

VARIABLE
AIR
CONDENSER.

A convenient method for "padding” a tuning
coil is to place a small variable condenser in-
side the coil form, as shown. This condenser is
connected in shunt with the secondary winding.
By adjusting the condenser to the desired valus,
only a band-spread condenser will be needed
on the main receiver panel.

The Knight 2-Tube ''DX-ER"

® This receiver does not in any sense reprg-
sent a new development in the short-wave
construction field. Instead, it is one in which
the designer combined well-known and ac-
cepted principles to produce a set that is
simple and inexpensive to build.

As will be seen from the schematic dia-
gram the circuit is the old familiar “stand-

" single-circuit regenerative type, with
tickler feed-back. The placement of the parts
is extremely important for effective results.
One of the line drawings illustrates the most
practical layout for maximum efficiency. 1t
is also important to use good quality parts.
Shoddy equipment thrown together ‘care-
lessly will not bring the desired results.

Parts List for Knight '2-Tube DX-ER"

1—7x9 Drilled Hard-Rubber Panel.

34 prong Sockets.

1—140 mmf. Midget Tuning Candenser.
1—20 ohm Rheostat.

1—50,000 ohm Regeneration Control.

1—1 to 5 ratio Shielded Audio Transformer.
1—Antenna Condenser, 80 mmf. max.
1—Knight RF Choke.

1—.0001 mf. Knight Mica Condenser.
1—.001 mf. Knight Mica Condenser.

1—3 megohm Resistor.

1—200,000 ohm Knight Carbon Resistor.
8—Clips.

1—Baseboard.

1—Vernier Dial.

2—Knobs.

1—Kit of Screws, Nuts, Hardware, Wire, etc.
1—4-prong plug-in Coil Kit (4 coils).
2—30 Tubes.

2—Dry Cells (1Y, volts each).

2—45 volt “B” batteries.

1—Pair Headphones.
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Layout of parts and circuit diagrams for the
Knight 2-Tube "“DX-ER"

oo A= AS. B~ BEASY 84,90V

For economical operation, two type 30
low-drain two-volt tubes are used. The first
serves as a regenerative detector; the second
is used as an audio amplifier. The tuning
range of the receiver is 15 to 200 meters,
covered by a set of four impreved plug-in
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coils. Regular broadcast reception is op-
tional, by adding a set of two plug-in coils
to cover 200-500 meters.

Only two dry cells and two 45 volt "B”
batteries are required for complete opera-
tion.

It should be kept in mind that phone
signals are loudest just below the oscillation
point and CW signals just above the oscilla-
tion point. When tuning the "DX-ER” the
regeneration control should be set to the
point where the detector just starts to oscil-
late. Then, the tuning dial should be care-
fully manipulated until a “whistle” is heard.
Careful tuning at this point and further ad-
justment of the regeneration control will
bring in the intelligible signal.

Regeneration in the "DX-ER” is con-
trolled by a 50,000 ohm variable resistor
connected across the tickler leads. The out-
put of the detector is transformer-coupled to
the audio tube by a shielded transformer hav-
ing a ratio of 1 t0 5. A load resistor of
200,000 ohms is connected across the sec-
ondary of the audio transformer to eliminate
any possibility of "“fringe howl.”

The antenna is coupled to the tuning coil
by a semi-variable “postage-stamp’ condenser
having a maximum capacity of 80 mmf.

Tuning is accomplished by a 140 mmf.
midget variable condenser mounted on the
front panel. A smooth vernier type dial is
used to insure proper tuning.

The Beginner's "Gainer"

The model of the "Gainer” shown here
is an adaptation of the original receiver
developed by the technical staf#of “RADIO”
and described in the February, 1934, issue.
The detector is one of the new 6DG6 tubes
and is equivalent to the 57 except that
it is intended for operation from a 6-volt
battery or transformer. The type 76 tube em-
ployed in the audio stage is the 6-volt equiv-
alent of the 56. Either a storage battery or a

RFC PHONES
Wi, 606
RU oo 1] s
i LS
cé T
Y
c
6’ T’
l1)
2 ]
1
GND R2
=
Ab A= B- 8+ B+
6V 6V. 45V, 13570 250V,

FIG: I“.u Schematic Circuit of the Beginner's
"Gainer" Receiver

List of Parts

Cl—Midget variable condenser, type MC-20S Ham-
marlund,

C2—Midget variable condenser, type MC-140M, Ham-
marlund.

C3—Equalizer condenser, type EC-35, Hammarlund.

L1, L2—Four-prong plug-in coil set, type SWK-4,
Hammarlund.

RFC—RF choke, type CH-X, .

1 Isolantite 4-prong socket, type S-4 (for coil).

C4—.00025 mfd.

C5—.01 mfd.

C6—.1 mfd.

C7—.5 mfd., 200 volts.

C8—.00015 mfd.

CH—200 thenry audio choke,

R1-—1 to 5 megohms.

R2—VYaxley potentiometer, type VSOMP, 50,000 ohms.

R3—Yaxley potentiometer, type YS500MP, 500,000

ohms.

R4—10,000 ohms, 2 watts.

1 S-prong tube socket.

1 6-prong tube socket.

1 vernier dial (large).

1 toggle switch, d.p.s.t.

1 aluminum panel, 12 inches by 7 inches (cut and
drilled).

1 basehoard, 1015 inches long, 914 inches deep.

6-volt AC filament supply may be used. For
the plate supply either a B-eliminator or B
batteries may be used. The voltage may be
up to 200, although 135 volts will give good
results.

Band-spread tuning is provided; the 140-
mmfd. condenser, C2, serving as the coarse
tuning or band-setting condenser, while the
critical tuning is accomplished with the 20
mmfd. condenser, C1, which is controlled by
the main tuning dial.

The circuit as shown in Figure 1 em-
ploys the conventional means for obtaining
regeneration in the plate circuit, controlled
by varying the screen-grid voltage of the 6D6
detector for which purpose the potentiometer
R2 is employed.

The Improved "Gainer"

The illustration below shows the rear view
of the improved “Gainer” receiver, the circuit
diagram and the technical details for which
are shown on the facing page.
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and 76 tubes.

THE CIRCUIT FOR "THE GAINER"
ALTHOUGH the circuit shows the use of a

57 tute as detector and a 56 for the audio
stage, it is merely necessary to substitute the
new 6C6 for the 57, and the new 76 for the
56. Furthermore, the filament voltage must be
changed to 6 or 6.3 volts, when using the 6C6

LEGEND

—
PHONES
OR
SPEAKER
T To T
250v. $

Cl, C2—.0001 mfd. Hammarlund midget variables (if series band-spread is used). C3—.01 mfd. C4—.5 mfd. C5—.1 mfd.
C5—.1 mfd. C6, C7, CB—each .5 mfd. C9—.0001 or .00025 mfd. C10—.002 mfd. R1—2 megohms. R2—50,000
ohm Centralab potentiometer. R3, R4-—10,000 ohm, 10 watt. R5—5,000 ohm, 10 watt. R6—500,000 ohm Electrad

potentiometer, L3—2100 henry (or larger) iron-core choke.

The AC Operated Gainer—An ldeal Amateur Receiver

Of the many two-tube receiver circuits devel-
oped for amateur reception, the impyoved “GAIN-
ER" circuit shown above is one of the very best.
Although series band-spread tuning is shown, the
constructor can use parallel band-spread tuning, if
he so desires. In fact, the latter is a more simple
method for the.beginner to use. See Fig. 1 (A) on
page 29. If parallel band-spread is used, the vari-
able condenser C1 shown in the circuit above should
have a capacity of 100 mmf. It is shunted across
coil L1. The band-spread condenser C2 should be

jack should be run through shielded breid. Plug-in
coils are used for this receiver. L1 is the secondary
coil, L2 is the cathode (regenerationt coil. L1 and
L2 are wound on ordinary 4-prong tube bases, or on
standard plug-in coil forms, 1% or 1% inches in
diameter. The coils are wound as follows:
L1-—20 Meters 8 turns of No. 22 DCC.
20 Meters 16 turns of No. 22 DCC.
80 Meters 32 turns of No. 22 DCC.
L2—(Wound on same form as L1, spaced about "
from L1) 4 turns of No. 22 DCC. (L2 is the
same for all coils.)

a 3 plate midget, 15-25 mmf., and
it is shunted across C1, the “tank
condenser.” The improved
“GAINER" should be mounted on
a metal chassis, 9x7 inches, with
a “U” bend 2 inches high. Under
chassisspaceis utilized for mount-
ing the resistors R3, R4, R5, R7,
as well as condensers C3, C4, C5,
C6, C7, C8. The regeneration con-
trol R2 is mounted on the front
panel, a8 is the control for R6
(gain), and the band-spread tun-
ing dial for condenser C2. The
“tank’’ tuning condenser knob for
C1 should also be on the front
panel. The grid condenser C9 and
the grid leak R1 should be “air-
supported” above the chassis,
close to the grid cap of the 67 de-
tector tube. The lead from R2
to the screen grid of the 57, and
the lead from R6 to the phone

Front view of the
"GAINER" showing
the General Radio

vernier tuning dial,
regeneration control
and volume control.
A metal panel is
used to mount the
controls. An on-off
toggle switch cuts
off the B supply when
the transmitter is in
operation. Connect-
ing leads to the
power supply should
be run thru shielded
braid.
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The Quartz-Crystal Filter

confusing to many users, due to a lack
of understanding of the technical nature
of the device.

The use of a quartz crystal as a resonator
is not new. Dr. Robinson, a British Scien-
tist, applied the idea of a practical quartz
crystal as a resonator to a radio receiver.
His receiver, however, was designed for
broadcast use and was named the “Stenode”.
The Stenode receiver did not attain wide
popularity because the selectivity was so
great that most of the higher-frequency com-
ponents of the modulated carrier were “lop-
ped off”.

A quartz crystal, cut on certain axes and
ground with the faces parallel, has the prop-
erty of oscillation, and the same plate has
another unique property . . . that of a res-
onator.

In order to better illustrate the function
of resonator, take the crystal from its place
in the circuit and replace it with its electrical
equivalent in inductance and capacity. A
crystal of 451.5 KC has an equivalent induc-
tance of 3.5 henries and a capacity of less
than one-tenth micro-microfarad! The ef-
fective "Q" of such a circuit is well over
1000. Realizing that the "Q” of a circuit is
the property which governs the shape of the
resonance curve, it is found that such a cir-
cuit would have a very narrow shoulder,
sharply-peaked resonance curve. It would be
impossible to obtain such a resonance curve
from any combination of inductance and
capacity; the quartz crystal alone possesses
these unique properties.

Again likening the quartz resonator to an
equivalent circuit, the crystal has all of the
properties of a series-resonant circuit. Series-
resonant circuits offer a very low impedance
to the resonant frequency (that frequency
where the inductive reactance and the capa-
citive reactance are equal), while at the
same time presenting very high impedance to
all other frequencies. Impedance is that
property of a circuit which offers opposition
to the flow of an alternating current. More
properly, the impedance of a circuit is the
sum of the reactances and the resistance. Tak-
ing the first definition into consideration, it
can be seen that a series-resonant circuit will
pass the resonant frequency (in this case the
signal to which the receiver is tuned), and
reject other adjacent signals. The resonance
curve does not have straight up and down
sides; it has sloping sides. The slope of the
sides, or the “steepness”, is dependent, among
other things, upon the “Q” of the circuit.
Wiith a circuit having a resonance curve with
gradual sloping sides, an interfering signal
removed ten KC from the desired signal
may be only ten points down in strength
from the desired signal at the output of the

THE subject of quartz crystal filters is

receiver. In contrast, a circuit such as a
quartz filter with extremely steep sides can
cause the interfering signal to be down from
the wanted signal ten thousand times. These
figures are merely illustrative of the effect
of the extreme discrimination or selectivity
of such circuits as compared with the ordi-
nary tuned-parallel-resonant circuits used in
an IF amplifier.

Fig. 1 is the crystal filter used in the Ham-
marlund Comet-Pro receiver. It incorporates

Comet-Pro Crystal Filter Unit

several goad features and improvements. The
mixer stage is fed through the primary of an
ordinary IF transformer, but in lieu of the
conventional tuned secondary loosely coupled
to the primary a smaller, untuned winding
closely coupled to the primary is used in-
stead. The impedance of an ordinary tuned
circuit can be estimated to be approximately
100,000 ohms. Maximum transfer of energy
results when input and output impedances
are equal. If an ordinary tuned secondary
wotks into the crystal, the impedance of the
crystal would approximate 100,000 ohms.
Using Terman's “Radio Engineering” as a
reference, it is found that a 451.5 KC crystal
actually has a resistance of only 9,036 ohms.
Again from Terman, the formula for the
resistance of an X-cut crystal is given with
t

fair approximation as follows: R=130,000 —,
1w

where R= resistance, t= thickness of the
crystal, 1= length of crystal and w= width
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FIG. I. Crystal Filter Circuit used in the Hammarlund Comet Pro.
of crystal. Thus it can be seen that the re- in parallel with the crystal. Parallel reson-

sistance of all crystals is not the same; it
varies according to the physical dimensions
of the crystal. All dimensions are in centi-
meters when the above formula is used.

In order to obtain the proper impedance
match it is necessary to transform the 100,000
ohms impedance of the primary down to the
9,000 ohms of the crystal, an impedance step-
down ratio of roughly 10 to 1. The turns-
ratio would be the square root of 10, or
3.16 to 1. All this can be better illustrated
by a typical example of a matching trans-
former to work into a crystal of 9,000 ohms
from a primary of 100,000 ohms. Assume
that an IF transformer of 451 KC has a wind-
ing of 250 turns. Although this is an arbi-
trary value, it is fairly correct for most trans-
formers. 250 divided by 3.16 equals 79.1
turns, which is the correct value for the low-
impedance coil. This lower-impedance wind-
ing must be center-tapped. Thus it is nec-
essary to use 79 turns on each side of center;
both windings are wound in the same direc-
tion with the inside leads of one winding
and the outside lead of the other tied to-
gether. These windings should be wound
directly over the primary and should be
wound with No. 32 DSC wire, although litz
wire is preferable if it can be obtained. When
the impedance is stepped-down to match
the crystal, the voltage is accordingly stepped-
down, so that on the output winding there
will be 79 turns, wound in the same man-
ner, which affords the necessary step-up volt-
age ratio.

The opposite half of the input winding is
for the purpose of supplying a voltage equal
and opposite, which is applied through the
phasing condenser across the crystal. This
condenser is used for neutralizing the capa-
city of the crystal holder, which is effectively

ance has the opposite effect of the crystal
tesonance, i.e., it offers a2 high impedance to
the resonant frequency and low impedance
0 all other frequencies, the effect somewhat
cancellative on the incoming signal. By ad-
justing the phasing condenser an undesirable
signal near the wanted signal can be attenu-
ated to a considerable extent. The explana-
tion is simple; the crystal works in the usual
manner to pass the wanted signal, while at
the same time its parallel rejectivity effect
is shifted over to the unwanted signal. The
coupling condenser from the junction of the
crystal and the phasing condenser should be
made adjustable with a maximum capacity
of 50 mmf. Proper setting of this condenser
can best be determined by experiment.

The selectivity of the type of filter de-
scribed is so great that, when first used, one
is apt to tune over some signals without
hearing them. It may seem that the volume
drops appreciably when the filter is switched
in, because the background noise disappears
entirely, but when the signals are tuned-in
on the exact peak, they seemingly come right
up out of nowhere.

A crystal filter should usually be followed
with two stages of IF amplification and
possibly an additional tuned circuit to give
a proper degree of selectivity. Peculiarly
enough, additional selectivity is a very nec-
essary requirement, because practically all
crystals have an additional peak on either
side of resonance. These peaks are governed
somewhat by the physical dimensions of the
particular crystal in use, but in general all
crystals have two peaks and some have even
more. In order to minimize the effect of
these spurious peaks, the selectivity of the
tuned circuits following the filter must be
adequate. In general, the more tuned cir-
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cuits, the better, although each tuned circuit
adds a small amount of loss.

It has been found that an air-gap holder is
necessary for proper operation of a resonator
because the removal of the top plate from
actual contact with the crystal allows a
greater freedom of vibration with attendent
increases in efficiency. The gap is not criti-
cal, however, and can be about the thickness
of a sheet of paper.

In lining-up the IF amplifier for use with
a crystal filter, it is almost necessary to use
the crystal itself as an oscillator. This is not
difficult to do, although some resonators make
poor oscillators., The crystal is hooked-up
as a conventional crystal oscillator in a trans-
mitter, with the exception that a small air
gap is used and the usual grid leak and choke
combination is eliminated entirely. Use a
winding from an IF transformer for the plate
inductance with the trimmer attached. For
lining-up purposes, a type 30 tube can be used
for the oscillator, with 2 volts AC on the fila-
ment. The AC is desirable to modulate the
signal and to simplify the adjusting process.
Plate voltage (180 volts) is secured from a
tap on the voltage divider of the bias sup-
ply used for the transmitter. A 0-25MA meter
in the plate circuit is a good indicator for
oscillation. The plate current will dip as
the trimmer condenser tunes the inductance
to the resonant frequency of the crystal. A
piece of insulated wire is brought near the
inductance and the far end of the wire hooked
over the grid input to the first IF. Tuning the
IF to exact resonance with the crystal then
becomes a simple matter,

Good shielding is important in the IF
amplifier. All signals from the front end
must pass through the crystal itself and they
must not leak through to the grid of the
first or second IF because of poor shielding.
As a simple test, remove the crystal from
the holder, re-assemble it and replace it in

aspac 2TL 10
NEw FILTER CRY

ROW FLATE

or vt 0er

the filter unit as if though the crystal were
inside. Put the switch on “Crystal” position
and adjust the phasing condenser until the
signals disappear entirely, or nearly so; the
more effective the shielding, the lower the
signal strength will be. The phasing con-
denser is merely used to balance-out the sig-
nal voltage across the capacity created by
the plates of the holder. Exact neutraliza-
tion is practically impossible, so that in mak-
ing this test the final results are merely com-
parative,

An LF. Amplifier
With New Features

® An exceptionally sensitive, selective and
quiet foundation unit for a good superhetero-
dyne is shown in the circuit diagram below.
The two principal portions of a superhetero-
dyne can be separated without encountering
important losses. Practically every set builder
has his own dieas as to what constitutes a
good “front end” for a superheterodyne. A
short-wave converter will function much bet-
ter when used with this IF amplifier than
when connected to a BCL set.

This unit is designed primarily for the CW
operator. It is capable of remarkable signal-
to-noise ratio when used with a quiet front
end. The crystal filter employs the new cir-
cuit developed by Frank C. Jones. There is
no loss in sensitivity when switching from
the “off” to “'series’ position, because the
impedances remain matched whether the
crystal is “in” or “out.” While claims of
“matched impedance” are made for other
circuits, this particular circuit is actually the
only one which keeps the sensitivity high in
the “series” position.

The IF stages appear normal, insofar as the
circuit diagram is concerned, but the ordi-
nary types of IF transformers must be changed
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crystal filter and B.F.O. circuits
are incorporated in this dia-
gram. See page 54 for addi-
tional data on the B.F.O. and
crystal filter circuits.

k.

nesisron +3%0

IMPROVED BFO CIRCUIT
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if the best results are ex-
pected. Most IF transform-
ers are designed with a cer-
tain amount of over-coup-
ling in order to make them
useful for phone signal re-
ception. Because the IF
amplifier here described is
designed purely for CW
use, it is desirable to re-
duce the coupling in order
to increase the selectivity.
The spacing between the
coils in an IF transformer
must be determined by ex-
periment, because coil ef-
ficiency varies widely with
various makes of IF trans-
formers. With some trans-
formers it has been found
necessary to increase the
spacing between coils as
much as 15 inch. Reducing
the coupling by increasing
the spacing usually in-
creases the gain, and
sometimes tends to make
the amplifier unstable and
break into oscillation.
Thus it is essential that
short and direct leads be
used, together with good

The complete IF Crystal Filter, BFO, Detector and Audio Unit,
mounted on an aluminum chassis only 91/ inches long, 6 inches wide,
2 inches deep. The Bliley 465 KC Crystal is plainly seen at the rear.

Under chassis view of the complete unit, showing placement of variable

condensers, controls, resistors, etc.

Ordinary wafer sockets are used

throughout, except for the socket which holds the 465 KC Crystal.

shielding and isola-
tion, if maximum gain
is to be realized.

One stage of IF am-
plification will give
more than enough gain
for most purposes and
the second stage is used
mainly to increase the
selectivity. Selectivity
in the IF transformers
is for the sole purpose
of reducing the effect
of undesired humps
found in all quartz
crystals. When it is
possible o0 obtain a
high "Q" resonator
crystal without humps
on each side of the
main peak, it will be
possible to materially
simplify the IF ampli-
fier.

The beat - frequency
oscillator wutilizes the
new negative resistance
pentode oscillator de-
veloped by RCA. Its
principal advantage is
its freedom from har-
monics.
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A Regenerative Pre-Selector With Variable Antenna Coupling

® Many superheterodyne receivers which
have no radio frequency amplification ahead
of the first detector have been built for or
by amateurs. This usually results in a high
ratio of noise to signal and has given the
superheterodyne receivers a reputation of
being excessively noisy.

Radio frequency amplification can be ob-
tained either by the use of one or two RF
stages or by means of regeneration in the first
detector. The main purpose is to amplify
the signal, as much as practically possible,
before heterodyning it to the IF frequency
in the plate circuit of the first detector. This
invariably gives a better signal to noise ratio
and the really weak signals are made read-
able through the receiver noise.

The pre-selector here described consists of
a single stage of RF amplification to be used
ahead of any short-wave superheterodyne
receiver. By the use of variable antenna
coupling and cathode regeneration, this single
stage can be made equivalent to the usual
two stage RF pre-selector. It not only in-
creases the signal to noise ratio but also re-
duces image interference.

The variable antenna coupling is obtained
by means of a sliding coil and it is not nec-
essary to change this part of the coil circuit
for the different amateur bands. An effi-
cient plug-in coil is used as the tuned cir-
cuit inductance in order to obtain maximum
efficiency and correct cathode tap for each
band. Regeneration is controlled by means
of a 50,000 ohm potentiometer which varies
the screen voltage. The screen-grid series
resistor of 5,000 ohms, shown in the circuit
diagram, tends to prevent the regeneration
control from introducting noise as the latter
is varied. The plate voltage is fed through
a small Hammarlund multi-section RF choke
which is effective over all of the amateur
bands.

The plate circuit is connected through a
coupling condenser to the receiver so this
can connect to the antenna post on the main
receiver, or this lead can be twisted around
the first detector grid lead a few times to
obtain capacity coupling. In the latter case,
the detector trimmer condenser should be
re-set for best results.

The cathode circuit uses a 1,000 ohm re-
sistor for self-bias. This is by-passed by
means of an .01 mfd. condenser. Normally
from 400 to 600 ohms is sufficient for cathode
bias, but with variable screen voltage and
regeneration, a value of 1,000 ohms seems
to be desirable. This higher value also tends
to prevent strong local signals from causing
cross-talk interference in this stage. Many
superhets suffer from cross-talk in either the
first detector or RF stage. This cross-talk
is especially bothersome in the broad-
cast range on some all-wave sets. This cross-

talk usually is in the form of numerous
whistles on top of broadcast station chan-
nels where no heterodyne interference should
be had. On short wave channels it takes the
form of whistles, or mush, from local sta-
tions near the frequency to which the set is
tuned.

The regeneration is affected slightly by
the plate circuit load, so a little juggling of

The Pre-Selector is mounted in a metal cabinet,
with illuminated airplane dial.

the cathode tap and the coupling to the re-
ceiver may be necessary in some cases. The
RF tube will slide into oscillation smoothly
when the pre-selector is functioning properly.
The point just below oscillation gives the
greatest gain and selectivity.

The antenna coupler is made of two pieces
of bakelite tubing, each 115 inches long. The
larget one is 1Vg-in. outside diameter and
the smaller one 7/-in. diameter, so the lat-
ter with its winding of 8 turns will slide
readily inside of the other tube. The larger
tube has 20 turns of No. 28 DSC wire, close
wound, and this should connect to a doublet
antenna for maximum outside noise reduc-
tion. This link coupling system reduces an-
tenna capacitive coupling to a very small val.
ve, and thus a balanced doublet anteana with
transposed or twisted-pair lead-in will work
extremely well. Reduction of capacitive
coupling to the antenna, if the latter uses.
a two-wire feeder, means less pick-up from
the down lead and consequently a great
reduction in automobile ignition interfer-
ence. The latter is usually bad on 20 meters
and occasionally even on 40 meters. The
smaller antenna coil is fastened to a piece
of Y-in. diameter round brass rod, 334-in.
long, by means of two 6/32 machine screws
through the brass rod and bakelite tubing.
This rod slides through an ordinary tele-
phone jack of the short type and the plunger
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The Completed Pre-Sclector, showing proper location for variable antenna coupler.

action of this coil is controlled by means of
a knob on the front panel which pulls in and
out. The jack acts as a bearing and the jack
spring presses against the rod and holds it in
place at whatever point is necessary. This
is a very simple mechanical device which has
proven very satisfactory for adjustment of
antenna coupling.

The tuniag condenser can be any of the
midget types having good insulation and a
maximum capacity of about 100 mmfd. A
small aluminum bracket holds the condenser
at the proper level for the airplane type dial
used on this set. The parts are mounted on 2
piece of 12-gauge aluminum beat in the
shape of an inverted U. The original piece
should be 814-in. long and 7-in. wide. 114-in.

on the front edge and 3/4-in. on the rear edge
are bent down, so the top of the chassis is
8ls-in. by 43-in.  The antenna coupler
mounts underneath on one side, and the re-
generation control en the other; the entire
unit mounts in a can which comes equipped
with dial. The approximate dimensions of
this can are 915-in. long, 5-in. deep and 6-in.
high. The front and back are removable so
the coil can be changed by snapping off the
rear cover or by means of an opening in the
rear. The dial is fastened to the chassis by
means of a right-angle bend in the dial
mounting strap and fastening the latter down
with a machine screw. The chassis is fastened
to the front cover or panel.

It is desirable to twist the antenna leads

World Radio Histo
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Circuit Diagram of single-fube regenerative Pre-Selector with variable antenna coupling,
link-coupled to receiver. The smaller diagram in the box shows how to connect an
ordinary antenna and ground system to the Pre-Selector.

together for the two leads into the pre-selector.
The plate coupling lead should come out at
the other side of the rear cover and be as
short as possible in its connection to the
radio receiver, Coupling between this plate
lead and the antenna would cause undesir-
able effects. Power for the tube can usually
be obtained from the receiver because it only
needs heater current and a high voltage tap
of from 180 to 250 volts. If a doublet an-
tenna is not used, one of the antenna leads
should be grounded. This antenna coupler
is incorporated in the 222" Receiver de-
scribed on pages 45, 46, 47 and 48.

Coil winding table for
Pre-Selector.

L1—Same for all bands. 20 turns, No
28 DSC, close wound on 1l4-in.
dia. tuhmu

L2—Same for all bands. 8 turns, No. 28

Under the chassis. All wiring is plainly visible.
A twisted-pair of flexible leads is attached to
the movable coupling coil, as shown.
Below: Chassis layout.

DSC, close wound on 7g-in. dia.
tubing.
Coupling between L1 and L2 va-

8

riable.
L2 slides into, and out of L1

RF COIL FOR 160 METERS

L3—10 tums, No. 22 DSC, close
wound on 1%4-in. dia. low-loss
coil form.

L4—60 tums, No. 22 DSC, close wound,
and tapped 1'4 tuns up from
ground end. L4 is wound on same
coil form as L3, and is spaced 14-
__in. from L3,

RF coiL FOR 80 METERS /)
L3—7 tums, No. 22 DSC, close wound,

on 13%-in. dia. form,

L4—235 turns, No. 22 DSC, close

RF TUBE

8 PROMG 1SOLANTITE
<o SOCKEY
s

NING
connl NSER

crertetters osee.
ACGENERATION

rnerere s

wound, and tapped 14 turn up

from ground end.

:zagina between L3 and L4 to be
-in.

L— |’/:—-l'

RF COIL FOR 40 AND 20 METERS

L3—5 tums No. 22 DSC, close wound, on 134-in. dia. form.

L4—12 tuns, No. 18 DSC, space-wound over a winding space
of 214-in., andhpud%tumfrom ground end.

: o

ANTENNA COUPLER ~
ONC COL SLIDING INTO ANOTMER =~ ON ROD -

NOTE—-—The ground end of the L4 is the Imttom of the coil. The
top end of L4 connects to the prid of the 58 or 6C6 tube in the
Pre-Selector.
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Noise-Free Two-Tube Autodyne

® The circuit of this receiver is conventional
in every respect. It utilizes a 57 detector in
the familiar electron-coupled circuit which
has proven so simple to make oscillate, espe-
cially at the higher frequencies, The Hartley
type of oscillator is used. Regeneration is
controlled by varying the screen-grid voltage
with a potentiometer, which gets its voltage
from across the voltage divider incorporated
in the set. There is a RF filter in the plate
lead from the detector, as a precaution against
RF in the audio impedance. The audio stage
is a 56 type tube, used because of its high
gain, although a 27 could be used. Every-
thing is conventional and standard practice,
except the filtering of the phone and power
leads, and the link coupling to the antenna.

The panel is made of aluminum, 715-in.
deep. The aluminum sub-panel is made by
bending over the front and back of another
piece of aluminum, these sides being 2-in.
deep. A bottom is closely fitted, and fastened
by tapping holes in the V4-in. dural corner
posts. A top is also closely fited and it
merely rests on the corner posts. The
photographs show this more clearly than
words. The tuning condenser is mounted
on an aluminum bracket which serves to
rigidly support it and also to shield the
audio impedance from the detector stage,
found necessary to completely eliminate the
last trace of fringe howl. The grid
condenser and leak are mounted directly
on the tuning condenser so that the lead to
the grid of the detector tube will be short.
That all of this care about short leads is not
wasted effort is shown by the ease with which
the set oscillates on 28 MC, and the fact
that al! coils required many more turns than
is common practice. This high L-C ratio
makes for sensitivity, as will be discussed
later. The plate filter is mounted above the
subpanel to keep leads short and RF from
under the subpanel.

Under the subpanel the wiring and arrange-
ment is completely conventional, with the
possible exception of the RF filters and the
use of so many by-pass condensers. Note,
for example, that the screen grid of the de-
tector tube is by-passed twice—once right at
the socket by C6, and again by a .5 mfd con-
denser across the regeneration control. This
latter condenser is used mainly to eliminate
any noise that might be caused by a poor
potentiometer. A simple filter consisting of
two .00025 mfd. condensers and two RF
chokes was used, and the condensers, with
the phone jack, were included in their own
special shield can, as can be seen. The other

shield can contains the power supply RF
filter, which merely consists ot a pi section
filter of two .01 mfd. condensers and a RF
choke. The two shield cans are easily made
of pieces of aluminum bent to form three

Under-chassis view. Note the separate small shielding boxes
in which the noise-filter parts are housed. These boxes are made
of aluminum and secured to the chassis with machine screws. The
boxes must be covered with aluminum top pieses, or lids. The
lids were removed for the purpose of photographing the parts
inside the small shield boxes. 1In the shield box at the rear
of the chassis the filament and plate power filter parts are
focated (three .01 condensers, one of them non-inductive, and an
R.F. choke). The other shield box houses the heaphone-circuit
by-pass condensers, These condensers keep hum and house
power-line noise out the receiver, which would otherwise be
picked-up by the phone cord. Hand-capacity is also minimized;
furthermore, monitoring the transmitter is made possible.

sides of the box, and another piece with the
edges bent over so as to fit snugly over the
can,

Proper band spreading is achieved by
using the usual padding condenser across the
tuning condenser. There is no condenser
shown in the photographs or wiring diagram.
Each coil contains its own padding con-
denser. A piece of No. 28 enameled wire is
soldered to the ground side of the coil, right
in the coil itself, and this is wrapped around
the lead that goes up to the grid end of
the coil. This permits accurate spotting
of each coil right into the band, and the more
turns, the more capacity and consequently
the more bandspread. When the coil has
once been adjusted, the extra wire is cut off,
and the coil is adjusted once and for all.
Right here let us make a plea for a little
experimentation by set-builders. If your coil
doesn’t hit the band, even though you built
the coil “just like the book,” experiment a bit.
By cutting and prunning you may end up with
a coil twice as good as before.

Link coupling was incorporated in the re-
ceiver, the link running through flexible
shielding to a copper box which contains the
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two-turn coupling loop, wound on 2 tube base
and almost smack up against the Faraday
screen. A two-inch hole in the box is the only
opening, and is covered by the screen (de-
scribed later). Therefore, the only way any
signal can get into the receiver is through the
screen, and this has to be by magnetic coup-

Close-up of the 10-Meter Coil.

ling, which is obrained from the tuned an-
tenna circuit. The Faraday screen is made
by winding a layer of paper over a scrap
piece of aluminum, winding No. 22 enameled
wire around this (spacing the turns with
string). The ends are fastened, the string
unwound, and the wire fastened to the paper
by painting with collodion. After sev-
eral coats have been applied and dried, one
edge is cut and the paper and winding re-
moved from the form, leaving two flat wind-
ings. One of these is trimmed up and the
wire along one edge scraped and soldered
to a2 common wire. Any method of con-
struction is satisfactory, the result desired
being an effective comb of wire, with the
wires separated approximately their own
diameter, fastened together at one end, and
open at the other. The screen is mounted
on the inside of rhe copper box, and the
common wire soldered to the bos. The an-
tenna coil is mounted in a socket, to facili-
tate band-changing, and mounted on a board
with the antenna tuning condenser. To
loosen the coupling (a very convenient vol-

COIL DATA FOR L4

3.5 MC—46 turns No. 30 enameled; close
wound, tapped 14 turns up.

7 MC—23 turns No. 18 enameled, spaced
diamcter of wire, tapped %3 turns up.

14 MC— 1! turns No. 18 enameled,
spaced 14 diameters, tapped %
turns up.

{Above coils wound on Il5-inch five-
prong coil forms).

28 MC—9 turns No. 14 enameled wound
Y4-in. diameter on air, tapped 1
turns up. Turns spaced about I/
diamecter.

Each link coupling loop consists of two
turns interwound between the two bottom
turns of each coil.

Looking into the receiver from the top. Not how
the aluminum shield partition is bent. This shield
minimizes interaction and fringe howl.

ume control, by the way) the board is moved
away from the link housing.  The system
works well with any length wire as an an-
tenna, functioning the same as an end-fed
antenna. Doublets are still better, and have
the advantage of no hand capacity.

The leads from the power supply are run
through shielded cable and terminate in a
four-prong plug which plugs into the wafer
socket on the back of the set. Completely
air-tight joints and complete filtering of the
heater leads (they are only by-passed) would
probably be the answer. The use of 6.3 volt
tubes would enable the use of simple heater
lead chokes which would only require No. 20
wire to carry the current. Obviously the 2.5
volt type tubes require too much current to
make for compact chokes. This receiver
handles on 28 MC like it handles on 7 MC,
and the sensitivity certainly is not lacking.
The sensitivity is no doubt due to the use
of high L and low C, which gives maximum
voltage on the grid, but does not make for
extreme stability.
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The Noise-Free Autodyne and the variable tuned antenna

coupler with Faraday scraen, The small copper shield box

J . houses the coupling coil L2 (see circuit below), The an-

/ tenna coil (L1) is moved back and forth on a pair of
; hakelite slider rods.

Cy Ly
PANADAY, smiELs,
T,
'
0 E A\
Lke g

2.5¢AC + 250v.—
‘ LEGEND FOR THE NOISE-FREE AUTODYNE

L1, L2, L3, L4—Described in Text. C1—10Ommf. midget variable, C2--20mmi. National SEW-20. C3—
100mmf. Sangamo, with grid clip. C4, €5, C10, C11—250 mmf. mi:a Aerovox postage stamp type. C6, C12, C13—
.0Amfd. mica condensers. C7—14mfd, 400 volt non-inductive condenser. C8—.01 mica, Sangamo. C9—1 mfd. 200
volt paper condenser, C14—.01 mfd. non-inductive. R1—2 to 5 megohm gridleak (experiment for noiseless one).

R2—50,000 ohm Centralab variable resistor, R3—4000 olm 10 watt., R4—15,000 ohm 10 watt, R5—lg¢
megohm 1 watt. R6—3000 ohm 1 watt. RFC—good short-wave choke (Hammadund or National 100). CH—UQld
A.T. Transformer or high inductance choke.

Yo Vgl

|

FADDING COND
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| ————— ¥ At WOUND AROUND

= 2EC LEAD LN

e ——1

| — st
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e - - — — T=TresE ENDS FREE }AN' TUBE BASE
LE 3

" TMESE ENDS SOLDERED

La sec ‘-‘L) ANT COIL
FARADAY SCREEN

CATHODE TaP ,‘-LJ ANT con

Showing how to make the Faraday screen, 3.5, 7 and 14 MC coil and (right) the special 28 MC coil.
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An Unusually-Fine 3-Tube Tuned RF Regenerative Receiver

One of the most efficient
circuits for a tuned radio Y
frequency receiver is here
shown. A receiver of this Lt
type is infinitely more desir-
able for amateur communi-
cation because the tuned
R.F. stage rejects the un- 1
wanted interference from
broadcast stations which op- l—l
erate in the low frequency

L2 58 L3

i

-3
=1
<

100,000
REG'N
CONTROL -, 4 |

bands. The resistors in the
voltage divider portion of
the circuit should be of the
10-watt size. The newer 6.3
volt tubes can be substitut-
ed for those shown in the
diagram.

—— "
= RF GAIN !
CONTROL

10,000%, | |

100,000

5000

i
s
o
8+

Circuit diagram for 3-tube receciver designed by E. M. Sargent.

HEATERS
f
b
'14-430025
o

£
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FILAMENT

COIL WINDING TABLE FOR 3-TUBE RF RECEIVER SHOWN IN ABOVE DIAGRAM

Note—These specifications are for coils on 11/,” O.D. forms, shielded by a 3” dia. aluminum shield can

R.F. COILS I

| Spacing between |

4-PRONG FORMS Primary colls | econdary
| 2%, turns, close | Spacing Vg-inch | 4Y4 turns, No. 24 DSC,
15-32 METERS wound, No. 32 between "“A" |space wound, !g-inch
e | DscC. 1 and "C". . between turns. »
43, turns, close Spacing lg-inch | 9V4 turns, No. 24 DSC,
26-53 METERS wound, No. 32 between "A" |space wound, tg-inch
- _bsc. . and"C". | between turns, -
7% turns, close | Spacing !g-inch | 18Y4 turns, close wound,
49-106 METERS wound, No. 32 between "A" | No.24 DSC.
R _bsc. | andvCt. | ]
10% turns, close Spacing t4-inch | 41% turns, close wound,
100-208 METERS wound, No. 32 between "A" | No. 28 DSC.
DSC. | and "C". |
T G
DETECTOR COILS oy | B | [yl . --En
. i S be- .
5-PRONG FORMS (Primary) fsv?::;"i :ec} (Secondary) fj’:::‘n% &eE: (Tickler)
T - T - - T A.AI B : (See IIDI|) -

123 turns, No.

2

|44 turns, No.| Ul 7%./32 DSC inter-
3% turns, 24 DSC spacel*::ns ?f,‘ rE_ wound with
15-32 METERS close wound,| Vg-inch |wound, I/"i""wo:ndn:ifh "C", and 2
No. 32 DSC. spacing be- turns wound
tween turns. ?;::z?ucgseparafely.

Total 324

| | turns on "E".
- - s 94 turns, No. a i N

| 5% turns, 24 DSC space 423 turns,
26-53 METERS | close wound, Vg.inch | wound, vg-in, Ta-inch | close wound.
No. 32 DSC. spacing be-| No. 32 DSC.
o - o 1 tween turns. -
| 13% turns, | | 18Y4 turns, 3% turns,
49-106 METERS | close wound,  ljg-inch | close wound| Vg-inch close wound,
No. 32 DSC., No. 24 DSC. No. 32 DSC.
35% turns, || 4l s turns, | 524 tuens,
100-208 METERS close wound,| s-inch | close wound, vg-inch J close wound,
No. 32 DSC. | No. 28 DSC. | No. 32 DSC.




THE '""RADIO'" HANDBOOK

Page 45

The "'222" Amateur Superheterodyne Series

® This receiver was designed by Frank C.
Jones for the amateur who likes to build his
own sets and who is primarily interested in
three band operation. The parts are avail-
able from most radio supply houses and ‘the
cost is not excessive. It is the next logical
step from a TRF receiver and costs much
less than an elaborate crystal filter super-
heterodyne. The set will cover the 20 and
40 meter amateur bands without coil chang-
ing, which is a convenience when one is
interested in two bands, such as 20 and 40
meters. For 80 meter operation a separate
set of coils is needed.

The receiver is very sensitive on 20 and
40 meters due to the special first detector
circuit employed. Regeneration is used and
a variable antenna coupling allows maximum
effect from the regeneration. The antenna
coupling is the same as that shown for the
Pre-selector on page 38. Link coupling is
used between the antenna coil and the first
detector coil and one of these link coils slides
back and forth for variable coupling. This
also minimizes capacity coupling to the an-
tenna without using a Faraday electrostatic
screen, thus reducing man-made static. The
same antenna and link coil assembly are used
on all bands, thanks to the link coupling
as applied to receivers.

Regeneration is obtained by means of a
cathode tap on the detector cotl because this
gives a more uniform regeneration effect over
the wide range of any one set of coils. The
conversion gain of this detector is very high,
due to regeneration, and to the method of
oscillator coupling used. The suppressor
grid connects directly to the plate of the
electron-coupled oscillator. This practically
eliminates oscillator radiation into the an-
tenna because the screen grid is by-passed
to ground and electrostatically shields the
suppressor grid from the control grid cir-
cuit.  The positive potential on the sup-
pressor grid works fine in giving a very sen-
sitive regenerative first detector.

The first and second oscillators are ortho-
dox electron-coupled circuits with good
freauency stability. The first oscillator is
made to oscillate strongly for good con-
version gain, while the second one oscillates
weakly to minimize harmonics which would
cause steady beat note whistles in certain
spots in the short wave range.  Adjust-
ment of this oscillator strength and twisted
wire coupling capacity to the second de-
tector grid also allows maximum signal to
BFO noise ratio. The use of a high plate
and screen grid resistor limits the harmonic
output and simplifies the shielding problem
for the BFO. A strong oscillator for the
BFO means that it should be double-shielded
and usually results in high noise level in the
audio output. This trouble has been elimi-
nated in this receiver.

The IF amplifier uses only one stage be-
cause two stages complicate the set and
provide more noise than signal, unless a
crystal filter is to be used. With only one
high gain IF stage operating at about 500
KC, no isolating condensers and resistors
are needed in plate, screen-grid and cathode
circuits. An IF and audio volume control
are both provided because often low audio
gain and high IF gain will pull a weak sig-
nal into readability through the noise level.

A stage of audio amplification is used to
provide a method for audio and tone control
and also more gain when necessary. The
set is designed for headset operation but
has accually enough volume to drive a mag-
netic spcaker to good volume on signals that
are well down into the noise level. The type
76 or 56 tubes make good power detectors
and audio amplifiers. The audio amplifier
uses the headset as a bias resistor for this
tube, with the tone control across the phones.
This connection allows the telephone jack to
be grounded to the aluminum chassis or
panel. The grid circuit audio signal is con-
fined to the grid and cathode by means of a
0.1 megohm resistor and a 0.1 mfd by-pass
from the audio transformer to cathode. This
prevents any audio degeneration and loss of
signal—so the output is the same as if a
cathode resistor and large by-pass condenser
were used and the headset placed in the usual
plate circuit.

A separate power pack is used. B bat-
teries and a G-volt storage battery can be
used, providing the on-off switch external to
the set cuts both A and B leads in the off
position. The IF amplifier uses a pair of the
new Aladdin iron-core transformers which
have a little better selectivity and gain than
the ordinary air core type. They are tuned
by means of trimmers, like any other IF
transformer. If these transformers are not
available the usual air core units can be used
with entire satisfaction. In any of these IF
units, the coupling has been adjusted at the
factory for best broadcast reception gain and
band width. This is generally too close for
best short-wave practice where greatest selec-
tivity and good gain are desirable. The two
coils should be at least an inch apart and 11/
inches works very well with most small air-
core IF transformers. Some makes can be
adjusted by warming the supporting tube
with a soldering iron tip until the wax
softens, then sliding the coils apart. The
iron core transformers have a pair of coils
mounted at right angles to each other on
short molded straight cores. Coupling is
adjusted by a screw adjustment on the lower
coil which slowly moves it along its axis.

As previously stated, a single stage of IF
will give ample gain if the front-end of a
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super is functioning
as it should. A stage

of RF ahead of the
first detector is some-
times desirable, but
it does not compare
with a super using a
regenerative first de-
tector unless regen-
eration is used in the
RF stage. This adds
complications and
means another
ganged circuit, which
does not simplify the
set. The present set
uses a ganged oscil-
lator and detector cir-
cuit because both of
these circuits have
100 mmfd padder or
band-setting condens-
ers controlled from
the front panel.

The oscillator tun-
ing condenser is a
double spaced midget

condenser of eight
plates while the de-
tector condenser has

Looking down into the *'222".

Note shield plate.

nine plates double
spaced. These condens-
ers were made from 100
mmfd Cardwell "“Trim-
Air” normally spaced
midget condensers, simi-
lar to those used for
band setting. By wind-
ing the oscillator to
cover a greater winding
space of 114 inches as
against 1l inches for
the detector coil, the os-
cillator and detector will
track throughout the
narrow amateur bands,
With the number of
plates left in these dou-
ble spaced condensers,
the 20-meter band covers
about 15 divisions on
the airplane type dial

and the 40-meter band
about 60. Greater spread
can be had by removing
plate from each of these
condensers. A flexible
coupling should be used
to gang the oscillator con-
denser to the front detector condenser so as to
eliminate torsion detuning cffects on the beat
note of a CW station, which always occurs with
any dial and condenser mounting.

The antenna system uses a shielded lead-in
pair which connects directly to the fixed

® One set of coils covers both the 20 and 40 meter b

seidofhcoils is used for 80 meters. o T e frprate
and the interior arrangement of parts. The receiver is A.C ted
but it can also be used with batteries if 6.3 volt tubes are us::.;.era o

The illustrations show the front view

antenna coil underneath the chassis. This
eliminates binding posts and unwanted pick-
up and presents no complications since the
shielded pair can be insulated with tape from
the underside of the chassis terminals. The
antenna coil consists of 12 close wound
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Arrangement of control knobs on lower portion
of front panel.

turns of No. 24 DSC on a 1% inch diameter
bakelite tube about 1% inches long. The
sliding coil is of 4 turns close wound of
No. 24 DSC on a l-inch diameter tube.
Flexible leads form the remainder of the
link coupling device to the isolantite coil

socket above the chassis. Four turns of this
same wire were wound on the detector coil
about % inch from the ground end and thus
very little capacity coupling exists between
the antenna and first detector coil. This 1-
inch bakelite tube is controlled from the
front panel by means of a plunger action
knob over a distance of about an inch. This
knob has a Y%-inch diameter brass rod ex-
tending through the front panel and fastened
to the 1-inch tubing with a couple of ma-
chine screws. The bearing and retaining
or pressure spring is simplicity itself, being
an ordinary short telephone jack. The rear
tip connection acts as a pressure spring
against the brass rod and it remains in what-
ever position it is adjusted to with the knob.

This antenna coupling device is well worth
while, since it allows adjustment of the

IF AMP 2ND DET

58

SENSITIVITY

50,000/

100,000

T T

»222" COMMUNICATIONS RECEIVER

Coils L1, L2 and L3 are the same for 20, 40 and 80 me-
ter operation. L1—12 turns, No. 24 DSC wire, ¢lose wound,
on 114 in. dia. tubing.

L2—4 tums, No. 24 DSC wire, close wound, on 1-in. dia.
tubing. This coil slides into coil L1; the coupling is made
variabie by sliding L2 into and out of L1.

L3-—4 tums, No. 24 DSC wire, wound on 1V/e-in. dia.
tubing, separated 14 in. from L4.

For 20 and 40 meters: (same coils used for both bands).

L4—11 turns, No. 18 DCC wire, space-wound on 1!/2-in.
dia, tubing, to cover a winding space of 115 in. long, and
tapped at one and one-third tumns from bottom.

£5—11 tums, No. 18 DCC wire, space wound on 1}/-in.
dia. tubing, to cover a winding space of 114 inches, and tapped
at 21/ tums from bottom.

£1-C3—100uufd. midget variable condenser,

$2—9 plate double-spaced midget condenser to give approx.
25uufd.

C4—7 plate double-spaced midget condenser to give approx.
20 uufd,

BEAT NO

TONE

rr vy
ADJYUSTING COND\\ A _.’0 SWITCH
FOR CW \ _l 5° OD:Q;DNCINCON\'IQL
=
1 04 B+150-200V
T B8F0

(Use 8 plates for C2 and 6 plates for C4 if more band-
spread is desired).

Condensers C2 and C4 are standard Cardwell 100wufd.
“Trim-Air'* midgets, with alternate plates removed so as to
double-space the plates.

L1, L2, L3 same as for 20 and 40 meter operation.

L4—30 turns, No. 24 DSC wire, wound to cover a space of
1'%, in. on a 1V5-in. dia. form, with cathode tap taken at one
turn from bottom.

L5—26 turns, No. 24 DSC wire, wonnd to cover a space of
134 in. on a 1Y2-in. dia, form, with cathode tap taken at 414
turns from bottom.

NOTE—The cathode tap on the oscillator coil must not be
too high, otherwise image interference will become serious.

TUBES—Instead of using type 56, 57 and 58 tubes, this

receiver will pive equal satisfaction if the types 6C6, 6D6
and 76 are used for 6.3 volt operation,
160 METER BAND—This receiver will ot operate successfully
on the 160-meter band unless large variable condensers are used
in place of the small midgets. The receiver was primarily de-
signed for 20, 40 and 80-meter operation.

CONDENSER SETTINGS
Band Oscillator Band-Setting Detector Izand-Settlnu Coverage on
Condenser C Main Tuning Dial
20 Meters 8° 10° 12° to 15°
40 Meters 80° 95° 50° to 60°
75 Meter Phone Band 45° 50° 25°
80 Meter C.W. Band 50° 55° 100°
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resonant antenna coupling so as to obtain
optimum value of first detector regeneration.
It can be used with any type of antenna and
the latter may be tuned to resonance extern-
ally and the optimum coupling easily found.
The results are very gratifying. The image
interference on 40 meters measures 60 DB
units down in level from the desired signal,
using a signal generator for these measure-
ments. 60 DB means an image re-

leads, power cable plug and telephone jack
are at the rear of the chassis with large holes
around them through the metal cabinet. The
cabinet has a hinged lid. The receiver is sim-
ple in its circuit and easily built. It can be,
and was, in this case, built and put on the air
in two days’ time. The circuit line-up is sim-
ple if 2 modulated oscillator is available for
lining up the IF amplifier.

jectivity of 1000-to-1, which is ex-
tremely good for sets using a good

stage of RF. The image measures
50 DB down on 20 meters, which
is more than most superheterodyne
receivers can even approach at that
wavelength. The receiver has prac-
tically no image whistles of “'phan-
tom” commercial signals in the ama-
teur bands, unless the commercial
signal is of very high field intensity.
The signal generator gives an audi-
ble signal in the headset with an in-
put of 130 DB down from 1 volt,
which is less than one microvolt in-
put. This is ample sensitivity, with
low internal receiver noise level, to
reach down into the atmospheric
noise level in any locality.

The receiver is built into a metal

METAL
MOUN TING

BRACKET
SNOED TO
CHASSIS

cabinet measuring 8% inches deep,
7 inches high, and 11 inches long.
The front panel is 7 inches x 11
inches of No. 12 gauge aluminum.
The chassis is also of No. 12 ga.
aluminum, bent in the form of a U,
two inches deep and 814 inches
wide by 10 inches long. All of the
necessary tube socket and dial holes
can be punched, or cut out with a
circle cutter and drill press. The
shield partition between the oscil-
lator and detector is also of No. 12
gauge aluminum, 7 inches long, 43/
inches high with a V5-inch lip along
the bottom for fastening to the
chassis with 3 machine screws.

In building this set it is a good
plan to take all of the largest parts
and set them on the chassis so as to
get the proper chassis layout before
drilling. The pictures of this sct
and the plan drawings should en-
able anyone to duplicate it without
trouble. The lower knobs on the
front panel from left to right arc
sensitivity, regeneration, audio vol-
ume, tone control and BFO switch
combination, and antenna coupling.
The upper row: oscillator band set-
ting adjustment with knob and
small 0-100 metal escutcheon plate,
main tuning control, and last, the
detector band setting control and
0-100 division plate. The antenna

©3C- BAND-3ETTING BAND IPREAD

18T OLT-BAND-SETTING

The constructor is advised to use the exact layout of
parts, as shown above.
than the type 56 audio tube.
be used for the Detector and Oscillator coils.

All tubes are shielded, other
Isolantite sockets should

Under-chassis view. Note the variable link-coupling de-
vice. It slides into, and out of the antenna coil by means
of a plunger which is fitted into a phone jack. The audio
transformer is seen at the center rear.
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Adding a Stage of R.F. Amplification to the 222" Receiver

The form of RF stage used here is self
tuned over a narrow band, which is an ideal
condition for amateur reception but would
not be satisfactory for an all-wave broad-
cast receiver. The input circuit uses a reso-
nant RF choke or tuned circuit which has a
high L over C ratio. This means real am-
plification where it is needed and not very
great selectivity in this stage. The antenna
trimmer condenser will actually tune this
stage to resonance any place within the ama-
teur bands. One RF coil or choke is needed
for each band, as shown in the coil table.
The really beautiful part of this type of RF
stage for amateur use is that no special
amount of shielding and no three-gang con-

T, .

denser is required. No alignment difficulties
or circuit reaction are encountered.

The RF chokes can be waund on old
burned-out Amperites, such as were used
with the 201A tubes to drop their filament
voltage from 6 down to 5 volts. There is just
a littde over 1 inch of winding space on these
glass tubes which are about 7/16 inch in di-
ameter. The ends of the wire can be soldered
to the end clips and the whole unit plugged
into the original clip mounting. This makes
a fairly convenient method of changing these
RF coils for each amateur band. Another
possibility would be the use of burned-out
cartridge type fuses, preferably those having
glass instead of fibre cyiinder walls.

:
i

Circuit diagram of the 222 Receiver with RF stage.

8+180-250

Data for LI, L2, L3 and L4 given in table below.

- 1 u T
| (R.F. Grid Coil) | (Plate

Coil Winding Table for Frank C. Jones' 222 Communications Receiver
With R.F. Stag

Winding)

L3 F
_ (Detector Coil) |
414 Turns No. 22 DSC Wire, |
snace wound to cover a wind- |
ing space 1 inch long on a
1!/, inch dia. coil form.
Tapred at '3 tum,
10 Turns No. 22 DSC Wire,
space wound to cover a wind-
ing space 1 inch long on a
12 inch dia. coil form. | inch dia. coil form. Tapped
Ta»np»ed at Vo turn;._. .| at 214 turns. .

10 Turns No. 22 DSC Wire, | 834 Turns No. 22 DSC Wire.
space wound to cover a wind- | space wound to cover a wind-

L4
(Oscillator Coil)
4 Tums No. 22 DSC wire,
space wound to cover a wind-
ing space 1 inch long on a
11, inch dia. voil form.
Tapped at 114 tums, o
834 Turns No. 22 DSC wire.
space wound over a winding
space 1 inch long on a 1V

1

ing space of 2 inches long on
a 1% inch dia. coil form.
Tapped at /5 turn.

30 Tuns No. 22 DSC Wire |
over a winding space of 134
inches long on a 1/, inch
dia. coil form. Tapped at 34

| turn.

60 Turns No. 28 DSC Wire|
over a winding space of 1145
inches fong on a2 1% inch

| dia. coil form, Tapped at
| 114 turns. |

For 20 Turns No.18 DCC| 3 Tums No. 36 DSC
Wire. Winding space | Wire, interwound with
10 1 inch long on a 75 | L3.
Meters inch dia. tube, |
v N
For 35 Tums No.22 DSC | 7 Turns No. 36 DSC
Wire. Winding space| Wire, interwound with
20 1 inch long on 2 5 | L3.
Meters inch dia. tube,
" For 60 Tums No. 26| 7 Tums No. 36 DSC |
Enameled Wire. Wind- | Wire, interwound with
40 ing space 1 inch fong | L3.
on a ¢ inch dia.
_Meters e ™ ™7 |
For 160 Turns No. 36 16 Turns No, 36 DSC
DSC Wire. Scramble | Wire, interwound with
80 wound on a 7 inch
Mefers dia. tute, 1 in. long.
T For | 300 Tuns No. 36 | 30 Tums No. 36 DSC
DSC Wire. Scramble | Wire, interwound with
160 woun{l bon]a: ﬁlinch' L3.
dia. tube, 1 in. long.
Meters L

ing space 1 inch long on a
1% inch dia. ceil form.
Tapped at 214 tums.
26% Turns No. 22 DSC
wire over a winding space of
134 inches long o8 a 11
inch dia. coil form. Tapped
at 414 tums.

53 Turns, No. 28 DSC wire
over a winding space of 11/
inches fong on a 134 inch
dia, coil form, Tapped at 7
turns,
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The antenna condenser, about 25 mmfd.
maximum capacity, should be insulated from
the front panel. The antenna is connected to
the rotor. Probably a doublet antenna could
be used by coupling 10 to 20 turns of wire
around the tuned RF choke on 2 form large
enough to slip easily over the choke coil.
In this case the antenna condenser should
connect to ground in order to resonate the
input circuit. The actual resonance curve of
a high L over C ratio tuned circuit on 20
or 40, or even 80 meters is wide enough to
cover the amateur bands without retuning
for each station received. This only holds
true where the capacity across the tuned cir-
cuit is extremely small and where the coils
have a certain amount of resistance to help
broaden out the selectivity curves.

The RF stage increases the signal to noise
ratio, as shown by 'tests on the 40-meter
band by means of an all-wave signal gen-
erator. The image rejection of this set is ex-
tremely high when considerable regenera-
tion is used in the first detector. When using
as much regeneration as possible the image
rejection was 68 DB using a non-resonated
input circuit, and nearly 80 DB with a res-
onant input circuit. One of the most expensive
commercially-made all-wave receivers using
an RF stage measured only 47 DB image re-
jection on 40 meters.

A CW Frequency-Meter Monitor

@ This CW monitor and frequency meter is
quite simple to construct. Being battery-
operated, it requires practically no warming-
up period. A frequency meter is handy for
calibrating a receiver or checking the fre-
quency of a transmitter. If it has a monitor
circuit it can be used to check the tone and
keying of a CW transmitter. No transmitter
should be operated without a monitor to
make frequent check-ups.

The Type 19 tube, with its two sets of
triode units in the same tube envelope, offers
many uses. One unit is used as an oscillator
and the other unit as a stage of audio ampli-
fication. The Type 19 tube is a stable oscil-
lator and its frequency can be maintained very
constant when using batteries, if a good
mechanical job of construction is done. The
amplification constant and mutual conduct-
tance of each unit of the Type 19 tube is high;
the filament is of heavy oxide construction.
It is perhaps the most rugged of the 2-volt
filament series of tubes and thus it is well
suited for use in a monitor-frequency meter.

The oscillator is of the simple tickler feed-
back type using a value of grid leak which
gives good stability. Band spread is ob-
tained by means of two condensers, a 100

mmfd. variable which has a screwdriver slot
adjustment and locking nut, and a 35 mmfd.
variable driven by the large General Radio
Co. vernier dial. The secret of a good
monitor and frequency meter is in very rug-
ged construction and the use of a large dial
which can be read accurately to within onc
part in 1500, or better. The G. R. dial has
300 divisions and a magnifying glass enables
the operator to read scale divisions to a
small fraction.

The instrument is built into an aluminum
box about 7 inches high, 9 inches long and

The instrument in its air-tight aluminum case.

6 inches deep. 3-in. flat aluminum sheets
are used, and %-in. square rod is used for
the corner pieces. Each aluminum sheet is
fastened to the square rod along each edge
with 3 or 4 machine screws. This construc-
tion provides a box of excellent shielding
and mechanical strength. A little extra work
ia building such a box is well spent and re-
sults in the difference between a good and
often a very poor frequency meter. Alumi-
num strips of No. 12 gauge, one inch wide,
are used to form brackets to hold the two
No. 6 dry cells and a portable type 45 volt
B battery in place. This same strip is used
to provide a bracket for rigidly mounting
the 35 mmfd. tuning condenser to the front
panel. Since the dial is supported by this
condenser rotor, the latter should be of sturdy
construction and the bracket should provide
at least three points of suspension mounting
to the front panel. The coil, jack, and tube
socket are mounted horizontally on the end
panel and the resistors and fixed condensers
are supported by direct connections on the
wiring. The jack is a type which has an
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extra set of contacts, closing the filament
circuit when the telephone plug is inserted
into the jack. This eliminates the possi-

bility of forgetting to turn off a filament
switch when the unit is not in use.

The second triode unit of the Type 19
tube is used as an audio amplifier in order
to provide a good audible beat note signal

when the meter is used for monitoring a CW
the

transmitter.  Because two plates are

outeuT
|_. PN JaCK
D FONE JACK

>

JACHS INSULATED

2
- - FROM PANEL
- 3V

.

Circuit diagram of frequency meter-monitor

capacitively coupled inside of the tube, it is
necessary to provide an RF by-pass of .001
or .002 mfd. from plate to filament, and a
good 2% milli-henry RF choke in series with
the telephone jack. The grid resistor of 2
megohms is so high in value that a .005 mfd.
mica condenser is large enough for the audio
coupling condenser.
A tip jack, insulated from the front panel,
E is provided in order to allow pick-up of an
external signal. A wire from a few inches to
a few feet long can then be used as an “an-
tenna”.  This “antenna” must be coupled
very loosely into the oscillator circuit in or-
der that different lengths of external wire
will not affect the frequency calibration. This
is done by connecting the tip jack through a
.00025 insulating condenser to the audio
triode plate lead at the socket. The reactance
of the .002 mfd. condenser and filament to
shielding lead length of about 4 inches pro-
vides enough impedance to give a reasonable
amount of coupling into the oscillator cir-
cuit. There is practically no change in beat
note when a wire is lengthened from a few
inches to several feet from the tip jack. The
intensity merely changes.

Needless to say, all joints should be well
soldered and the wiring and parts mounted
so as to prevent vibration. The only precau-
tion in connecting up the coil is to see that
the tickler is connected in the proper direction
in order to give oscillation.

It the instrument is to oscillate over the
80-meter band, and the harmonics used on 10,
20 and 40 meters, the coil should have a
secondary inductance of 20 microhenrys. A

winding one-inch long of No. 22 DSC on a
one-inch diameter will give this value; or
No. 22 Enam. one-inch long on %-inch diam.
will do the job. The tickler should be wound
over the ground end of the main coil with a
layer of tape or paper between. About 12 to
15 turns of No. 30 DSC will give the desired
result.

If the meter is to be used in the 160-meter
band, the coil should be wound with 72
turns of No. 26 Enam. or No. 28 DSC on a
one-inch diameter bakelite tube. This coil
will have about 80 microhenrys inductance
and nearly complete bandspread tuning. In
both cases the band setting condenser is used
at about two-thirds of its maximum capacity,
and once the band is located over the dial
range, this condenser should be set with the
lock nut.

The meter should be calibrated from stand-
ard frequency transmissions which can be
picked-up by means of any good short wave
receiver. These transmissions are given pe-
riodically and are the only convenient method
of calibration, unless one has another oscil-
lator and wishes to calibrate from harmonic
frequencies of local broadcast stations. Then
the extra oscillator should be set to give

"
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The filament and B
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location for the coil is
shown in the upper
right hand illustration.
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zero beat with the carriers of the broadcast
stations as heard in a BCL receiver, and the
harmonics of this oscillator heterodyned to
zero beat with the frequency meter. Broad-
cast stations whose frequencies lie between
1000 and 850 KC are convenient for this pur-
pose, especially those stations that keep their
carriers within 10 or 15 cycles of their as-
signed frequencies.
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The ''222" Receiver With New Type Crystal Filter and BFO

® Crystal filter circuits are useful for in-
creasing signal-to-noise ratio in superhetero-
dyne receivers. By proper adjustment, the
selectivity of a receiver with a crystal filtet
can be made so great that only one sideband
is made audible and an approximate single-
signal effect is obtained. Quartz crystals are
useful as oscillators or resonators. In the
latter case, the "Q” of the circuit is extreme-
ly high and thus the selectivity characteristic
is much more sharply peaked than when or-
dinary circuits are used.

A quartz crystal acts as a large inductance,
very small capacity and a resistance in series,
as in any series-tuned circuit, At resonance,
for about 465 KC, the capacity of a few
hundredths of one micro-microfarad cancels
out the effective inductance of several henries,
leaving only a resistance of a few thousand
ohms. Slightly off resonance, the reactance
of the extremely small capacity and very
large inductance is so great that at either
side of exact resonance the impedance ts
great enough to prevent signals passing
through. In any quartz crystal filter circuit
it is necessary to balance out or neutralize
the crystal holder plate-to-plate capacity in
order to make the resonance effect really
function. In the circuit shown on the facing
page this is accomplished by means of a 15
or 25 mmfd. variable condenser and a center-
tapped IF tuned circuit.

The plate circuit of the first detector should
be tuned for maximum signal gain and the
plate coil tuning condenser acts as an effec-
tive RF bypass to increase detector efficiency.
The center-tapped coil and neutralizing or
phasing condenser form a Wheatstone bridge
to balance out the crystal holder capacity.
At resonance the succeeding tuned IF circuit
would be over-coupled to the first detector
tuned plate circuit, because effectively there
is only a resistance of a few thousand ohms
between the "hot” ends of the tuned cir-
cuits. This is prevented by means of a small
coupling condenser, 3-30 mmfd. in value, in
series with the crystal. This allows the use
of tuned circuits between the crystal and first
IF amplifier grid without loss in signal. By
this matching device there is no appreciable
loss in the crystal filter when it is cut into
the circuit. The noise level drops, because
the band passed through the IF amplifier is
greatly narrowed down.

With an efficient circuit of this type, only
one stage of high gain IF is necessary, which
greatly simplifies the construction for an ama-
teur receiver. Any superheterodyne should
have as much gain as possible in the front
end, and not depend too much upon the IF
amplifier for gain. The main function of the
IF amplifier is to increase selectivity.

The particular advantage of this crystal

filter is that it can be put into any existing
superheterodyne receiver without disturbing
the IF amplifier in any way, except to discon-
nect the detector plate leads.

The new B.F.O.—beat frequency oscillator
circuit uses a relaxation type of oscillator.
The advantages are in simplicity, since no
uckler or cathode tap is necessary in the
tuned circuit. This form of circuit is quite
stable and the harmonic content is usually
less than in an electron-coupled B.F.O. These
harmonics are heard in the form of steady
carrier signals at various points through the
short wave bands, unless complete shielding
of the B.F.O. is used. This circuit looks like
a dynatron oscillator, yet it is not. It de-
pends upon feedback in phase to the sup-
pressor grid through the condenser C4 of the
B.F.O. circuit diagram. The screen grid is
more positive than the plate. The plate volt-
age should be about 42215 volts, the screen
from 475 to 4100, the usual control grid
at zero potential and the suppressor grid at
about 6 to 10 volts negative with respect to
cathode. This is accomplished by means of
the resistors shown in the circuit diagram.

The B.F.O. coil L1 and condenser C1
should tune to the IF frequency and should
preferably be shielded. An IF coil can be
used. A jumble wound coil with a fixed
.001 mfd. and semi-variable 70 mmfd. con-
denser is preferable because this gives a
high C to L ratio with less harmonics and
greater oscillator stability. Front panel con-
trol of the B.F.O. frequency can be obtained
by means of C2 which acts as a vernier ad-
justment for C1. Bending up a corner on a
stator plate makes a convenient switch to
cut out the B.F.O. for phone reception. The
rotor plates of C1 are grounded, thus it can
readily be mounted on a metal front panel.
Output from the B.F.O. should be taken
from the suppressor grid in the form of a
short length of hook-up wire with its free
end twisted once or twice around the second
detector grid lead.

These two new circuits are used in a
version of the modified 222 receiver shown
in the photographs. This receiver is quite
similar to the modified 222 superheterodyne
described on page 49, except for the two
new circuits. The receiver consists of a
stage of semi-tuned RF using plug-in reso-
nant chokes, a regenerative first detector, a
single stage of IF, second detector, audio and
a B.F.O. The high-frequency oscillator, de-
tector and RF are exactly the same as in the
original version, with only minor deviations.
It was found that tuning condensers using
bakelite instead of isolantite insulation re-
quired about 14, more of a turn in the first
detector cathode tap of most coils. It was
also found desirable to use a separate set of
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Complete Circuit of the Crystal Filter "222" Receiver. Coil winding data same as for previous models.

coils for 20 meters in order to obtain more
band spread. Five turns, one-inch long on
the 1145 diameter plug-in coils, proved satis-
factory for this band. All of the other coil
data is given in the coil table for the 222"
Receiver with RF (pages 49, 50).

The crystal filter is made by removing the
center universal wound coil of a Hammarlund
2.1 mh. RF choke. This gives a center-tapped
plate coil which is tuned by means of a 7-70
mmfd. trimmer condenser. The neutralizing
or phasing condenser is a 25 mmfd. variable
because the particular crystal holder used
had a very large plate-to-plate capacity. Other
forms of holders might make a 2 or 3 plate
midget condenser preferable. The neutraliz-
ing condenser is mounted on the front panel
by means of insulating bushings and the
crystal is cut in or out by means of plugging
the crystal in or out. The phasing condenser
has a stator plate bent up so as to short-
circuit this condenser at about minimum ca-
pacity setting for phone reception. This
same idea is used to turn the B.F.O. on or off
for CW or phone reception.

The B.F.O. coil is made by removing turns
from an old IF coil until it resonates at the
desired ftequency with its shunt condenser,
plus the front panel trimmer condenser ca-
pacity.

In lining-up a superheterodyne with a crys-
tal filter it is essential to know the exact fre-
quency of the crystal. The frequency can be
most easily found by connecting up the crys-
tal in an oscillator circuit, such as a type 30
tube with 135 volts or more of plate supply.
The plate circuit of this oscillator must be
tuned to the crystal frequency. When oscilla-
tion is obtained, as indicated by a drop in
oscillator plate current, the IF amplifier can
be aligned to that frequency. Onte this is
accomplished the crystal can be put back into
the receiver. Best single sideband reception
on CW reception can be obtained by proper
adjustment of the phasing condenser and
BFO frequency.

Lack of good single-signal effect can usually
be traced to extraneous capacity coup-
ling, lack of proper setting of neutralizing
or BFO condensers, or insufficient circuit iso-
lation. In the receiver shown it was found
necessary to shield the grid lead to the IF
amplifier in order to prevent direct capaci-
tive coupling past the crystal filter. This de-
creases the undesired signal of R9 to RS
ratio up to R9 to R3 ratio. Even berter ratio
could probably be obtained by better cathode,
screen and plate return lead isolation resis-
tors and condensers.
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AVC FOR THE "222"
oET The circuit here shown
is fairly simple to put
into operation in any
short-wave superhetero-
dyne receiver. It re-
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circuit, such as the usual
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Tube Symbols and Bottom Views of Socket Connections
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Tube Characteristics and Socket Connections courtesy RCA Cunningham Radiotron Co., Inc.
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1c6 COmEnEnS smacern | moas | 4l x 1% | pulhiar ] 2.0 | 0az | 180 |er.s CONVERTER 180 1.5 | 750000 | OscaltaterGrid(s 1) Resistor, 500000hnis | $€6
| Comversan condurtance. 33§ mucromhes
250 | _—— JCLAS A AMPLITIER | 250 6.0 | 80| sm0 | a2 2500 | 2.5
243 | PoweR AMRLIFER | peowmapn | FGt | 537 x 25" | puent | 25 | 2.5 [ 300 | — FUHRULL 300 30.0 |Pawer Outjut 1s for 2 tubes at| 5000 | 10.0 | 2A3
M ULINER 30 | 62 Fixed bias 0.0 | stated Inad. plitetoplate | 3000 | 15.0
2A5 ,(,,‘"3:,'2"'"‘ MmeEDIuM PN | PG sa | 1T x 1id” HEATER 2.5 | 1.75 | 250 | 250 [CLASS A AMPLHIER | 230 —16.5 250 6.5 |34.0 | 10080 -‘ 2200 220 moo 30| 245
246 R iooee | smaL epin FG. 13 4117 x 1% | weater 2.5 | 0.8 250 |~ foppoctimras | wom) ~1.35] — | — 0.4 | — 1 — Gam Per it = 5060 | 206
Arode Grid (» 2) 200 max_vilts, 4 0 ma
L) -
247 Gl saLzen | P2 | al}t oz o1y weater | 2.5 | 0.8 | 250 | 100 CONVLRTLR 250 |~ 301 g00 | 2.2 | 3.5 | 360000 |Ocitator Grid( » 1) Rezistor, 50000 chms! 2A7
| min. Conversian conductance, 520 micromh
PENTODE UNIT AS 100 | 1.7 | 5.8 | 300000 950 1L} P -
287 O oo T saLrem | mean | a1 x| wearen | 25| 0s | 2se o1 RF AMRLIFIER 125 | 2.3 | 9.0 eso0n0 128 730 .
TUOF, UNIT AS 50 0.65
AMPLITIER o o3 fomem | =] — ) s -y
R ” . B . b, 11 .
Sha 1 rowen amerunien [ wonm sem | mice {4147 x 117 | nosewt | 6.3 | 0.3 | 150 | 10 fcuks A avpurier FREREE A A A - R PR
PENT, Anode Grd (# 2) 290 maz v
[ hovtacain | sanren | mea | a3 x 1%° | meaen | 6.3 | 0.3 | 250 | 10 | cowvirme - 100 | 2.2 | 3.5 | 360000 [Oseiiator Grid (s 1) Resistor, 50000 ohems|  6AT
- Convession condurtance, 520
PENTADE UNIT A5 | 100 | — 3.0 | 190 | 1.7 | 5.8 | 300000 950 285
6B7 DURLEXDI00E | guaiy zpw | mon | 437 x 1%7 | WeaER | 63| 0.3 | 250 | 128 '?rEAu“:nu‘;:: s 250 1 =30] 125 1 2.3 ! o0 LGN ] 323 739 687
"AF AMPLIFIER 250k — 4.5 50 | — | 0.65 _— ) — | — | —
SCREEN GRID excecds eaceeds
TRIPLEORID 3 250 | —3.0] 100 | o5 [ 20 1225 2 —
68 DETECTOR smacLern | mom | o4j x 1% | weatem | 63 0.3 | 250 | 100 LI L 3 1.5 meg 1500 — 1 e
AMPUFIEA BIAS DETECTOR 1 0 Cathode current Plate coupling resistor 250000 obms.
250 | —1.95 3 0.65 ma. Grid courling resistor 250000 ohms.**
SCREEN CRID - 3.0
TRIPLEGRID = AT T 3 00 | 2.0 | 82 | 800000 1e00 I 1280 I _— —
606 PEncoNTH SMALL 6-PIN FiG. 11 A7 x 15%° | weatEn 6.3 | 0.3 250 | 300 G TR min. f - 606
RN ] 20 | ~10.0] 100 [ — | — Oxcillator peak volts=7.0.
©Grids #3 and #5 are screen. Grid A4 is signal nput control-grid. T-Applied through plate coupling resistor of 200800 ohms. “*For grd of followng tube.
= Apphed through plate couphing resistor of 260890 ohms.
wo | — “%}ﬁg“ | 100 | ~30] — 4§ — 38 moo| 450 | 8 — | —_—
. - 0
oF7 e 9 swaen | moz | a3 x ot | wearer | 63| o3 [ 2so | oo | FEIGBELNT S | 250 =2 100 | 1s |6 usooool 1100 | — I — | e
Jis PENTCOE LNIT AS (<] = 7.0.
k| [ IR = T e A
100-A DETSCTOn MEDIUM ¢PIN|  FIG. 1 A x 11| plewr | S0 O 8| — FRM 45 ?’_‘") *;;"‘;"e‘ 2 1.5 30000 666 20 A [ 00-A
B T T T T S D R T e e el e B = | o
POWER AMPLIFIER J— . 350 -31.0 16.0 5150 1550 8.0 11000 0.9
10 TAIODE MEDIUM 4PN | FIG. 1 3 x 2% ALAMENT | 7.5 | 1.25 | 425 QAsSAAMPLIRER | 330 | T30 | —— | T | aie S000 1600 8.0 10200 e 10
[1] OETECTOR4% WD 4-PIN G, 12 o oz’ [ 90 | - a5 2.5 15500 axs 6.6 "
12 TRIOOE meDioM apin [ FIGT | gipe g g | mumenr | 11 025 ) 135 | CLASS A AMPLIMIER| 55 | —10.5 30 | aso00 430 | 6.6 e [N
TWINTRIODE . A [ 135 [ Power output value 1 for onc tube | 10000 | 2.1
19 AMPLIFIER SMALL 6-PIN FIG. 23 4 x 1% ruoent | 2.0 0.26 | 138 | —— | CLASSBAMPLIFIER] G35 | _ 54 at stated Toad, plate-to plate. 10000 1.9 iS
" TS 3.0 8000 a 3
20 POWER AMPLIFIER | gvart, a-em fiG. t 41" 1% | piwr | 3.3 0.132] 13s | — | aassanweuner lgg ;? : 5.5 1 600 515 .: i m g?:; i
¥ amPLY, 7 g | 1 EaN 15 0.7 | 1.7 | 725000 315 =
22 AL MR | waomeem [ maa | o5yt s 0l | i | 23] 032 w5 | ens SPHNRR 13§ T3 e ] Vel 3l | Siswo S | A ] e &
AR - AR =
NFAMPLIAIER » v AMFLIFS - 3.0 .7* - 50 630
24-A TETROOE. mMEDWM BPN | oL shY x a1l HEATER 2.5] 1.718| 218 90 e ol = s wu [ Plate current to be adjusted to 0.1 milampere 2%-A
2508 ,oprox (| 45 with 7o signal.
AMPLIFIER s 2.9 8500 935 8.3
TRIODE MEDIUM 4-PIN Fia. § 41" x 1" | Famest 1.5 1.08 180 | — {1 CLASS A AMPLIFIER — 6.2 7300 | 1150 8.3 S | 28
a5 9000 1000 { 9.0
pcien | meowmsem| mas | a1t x| weamen | ozs|oars | oans Lot T S G 27
x 1) . . = Plate current to be adjusted to 0.2 millampere
TRIO PIAS DETECTOR — with no. n;u-l e
7.5 | 11000 850
DETECTORN
30 AMPUFIER saaLamn | par | a3 » [ 2.0| o.06| 130| — | cassaawpuner| 138 | - 9.0 — | — | 3.0 10300 %0 = | —1{ a8
L 17 2 1% | mament 10 | —13.8 3. 10300
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RATING M S =
USE PLATE CON- OWER
SOCKET |  MAXIMUM - SCREEN PLATE| PLATE AGE .
e NaME BE  poowwee. | OVERALL | CURIOE | uiata | e e Vot o s SUP | CRR SCREEN Lt it | pesis. | BUC | awpu. [SEMRED| OUT- | pypg
TioNS LINGTH Tveea g characteriaties tor PLY |VOLTSm) ¥ AMP, | AMP, | TANCE [FICATION
£ ix, |, et v voLTs onus | Mieae- [ ClouTeur [ wats
OIAMETER vourt | swrrrs | vouts | veums MKOS OHMS
. o 135 8.0 4100 95 | 3.8 7000 | 0.185
3 FowER tooe M | st aom | ma A7 x 1% | puamenr| 2.0 o3| s | — | cssamvune 5 12.3 3600 1050 | 3.8 sj00 | o305 | 3t
SCREFN CRID | 138 7. 177 950000 60 | 610 ;
RF AMPLIFIER | 180 67,5 1.7_| 1200000 650 | 780
32 PrtRooc | meonm erm]  na e Sh® x| iy | 20| 006 180 678 Plate current to be adjusted 10 0.7 miliampere 32
BlAS DETECTOR | 180 o5 | — with o sgnel |
33 PENTOOL MEDIUM SPIN|  FIG. & 4B x 1l nu?nftm 2.0{ 0.26 | 180 | 185 | CLASS A AMPLIFIER| 180 180 5.0 | 22.0 35000 1700 90 6000 1.4 | 33
~ SUPEALONTROL 5 & SCRIEN CRID | 135 67.5 | 1.0 | 2.8 | 600000 60 | 360
fod M tatooe ) | MIOUM AP naa (- shT x i rbionr| 20| o.0s| s | ers | FIRGR | 13 67.5 | 10 | 2.8 | 1000000 620 | e0 { — | — | 34
s smOL . 90 6.3 | 300000 1020 | 305
a5 a7 AMpunien | meowm sew|  nas | sk s waaren | s |owrs| 2| e | KREMGRD | 480 = P (e I I =H 35
100 S T— [ 1.8 550000 w50 [ 470
N R, 180 90 3.1 | 500000 1050 | 528 _— —
» LA SMALL 5P ne. s 43" 2 1% | rarer 6.3| 0.1 250 % 250 %0 1.7¢ | 3.2 | 550000 1080 595 36
s et Woe ) - Plate current (o be adjusted to 0.1 milhampere
2500 % with no sigaal.
50 7.5 11500 800 | 9.2 l [
pETECTOR, CLASS A AMPLIFIER| 180 — | — | a3 | 0200 o0 | o2 | — | —
n AAPIRCR SMALL $-PIN () 4% xa1%° HEATER 6.3 0.3 250 | — 7.5 8100 1100 9.2 | a7
TRIGOE G h — Plate current 10 be adjusted 10 0.2 millampere
A LTS 250 with no signal
100 100 [ 1.2 | 7.0 S 120 | 15000 | 0.1
POWER AMPLIFER | gaaars. 1e e T 6.3 0.3 | 250 259 [ cLassaaveunir| 150 180 [ 2.4 [ 1ale 1050 | 120 | meoo | h.oe 38
s FENTO0C somf imas ] Wi e 20 250 ] 3.8 | 220 | 1200 | 120 | 10000 | 2.50
%0 9| 1.6 ] 5.6 960 [ 360
SUPER-CONTAOL N REEN CRIDY
) 1" . 63 03 | 20| 90 N 180 9 | 1a | s 1000 [ 750 | ~— | —— | 3944
ot MRl ety el M - 11 Wi it 1 !l s | sl 1050 | 1050

YFor Grid-leak Detection—plate volts 45, grid retum to + filament or to cathode.
used on filament or heater, ¢

xcept as specifically noted. For use

® Applied through plate esuphng resistor of 25000 ohms «r 500 honry choke
W Applicd throuph plate couphing resstor of 100000 ohms.

shunted by 025 megohm resutor.

PEither A.C.or D.C. may be B i
of D.C. on AC filament types, decrease stated crid volta by ', (approx.) of filament voltage. ‘Maximam.
VOLTAGE ~ % 0. 0000
40 AMPLTCR meowmarn | met | el w27 p BEnr | so| o.2s | 180 | — [cassaavrunem — | — | 33 |} (e l—]|—| %
100 [ 1.6 | 9.0 |103500 | 1430 | 150 | 32006 [ 0.3
ar [ TOWERAMBIIER | osmai e | meosa [ 410 ] wearen | el o | 2s0 | 250 | ciassa avrurien 10 [ 3.0 (185 | si000 | 1850 | 150 9000 | 150 | 4
re 2 ! 25 | 5.5 1320 | 68000 | 2200 | 1% 7600 | 3.40
42 POWER AMPLIFILA [peoium epiv | hic 1sa | <107 o« 1207 | wearza ¢3| 0.7 250 | 250 |cLass A AvPURIER 50 6.5 |34.0 |100000 2200 220 7000 3.00 32
U ) ) t fesiaak 95 | 40 [20.0 | 450006 | 7060 % 500 0.9
FOWER AMPLIFIER g o 8 g 5
43 PENTODE MEDIUM §-PIN FIG. 154 "n: 2 ]:. HEATEA 25.0 0.3 135 135 | CLASS A AMPLIFIER 135 7.0 M0 35000 2300 0 4000 2.00 43
180 3.0 1650 [ 21235 | 3.8 2700 | 0.8
45 POWLR MAPLIFIER | mEDIUM a-piN FIG. 1 AN w107 | Peament st 1S 275 | —— ]} CLASS A AMPLIFTER 250 | — | 34.0 1610 2175 3.5 3900 1.0 as
275 3.0 1700 | 2050 | 3.8 4600 | 3.0
——— . X 250 —— |CLASS A AMPLIFIER O — S 22.0 2380 2350 5.6 6400 1.25
46 MY MEDIUM 5-PIN | FIG. T s’ xafk FILAMENT .50 1.78 Power output values are for 2 tubes 5200 | 16.0 48
JOWE A . 400 | —_ [CLASSBAMPLITIER ¢ atindicated plate-to-plata load. 5800 | 2000
47 POW R rone ' [meown sem [ na e 5)7 2" | Puament | 2.5} 575 | 250 | 250 | CLASS A AMPLIFIER 250 6.0 (310 80000 2500 150 7000 2% 7
POWER AMPLIFILR v ) . 33 9% 9.5 .0 — —_ 2.0
48 e mEDM 6N | PG 1S | s1T x 2 weATER | 30.0| 0.4 | 125 | 100 | CLASS A AMPLIFIER 100 | 9.5 |60 | — | 3900 — 1500 | 2.8 48
e = - oc T35 | — | ClAS A AMPLINERD — | — Tl ee¢ 4175 | 13s | 47 | 11000 | 0.17
49 MEDIUM SPIN | G T sH" xaf fuament | 2.0 0.2 Power output values are for 2 tubes 49
POWER AMPLIFIER 180 | — |casssamPuniER ¢ at indicated plate-to-plate load. 12000 { 3.8
4600 | 1.6
50 POWER MIUCIFIER | Meoim epv | PGt 617 x 2137 PuamENT | 7.50 1,25 | 430 | — |ctass A avPuRER — == 3670 2.4 50
a0 | s
TWIN-TRIOOL . - el — 8000 8.0
53 AASLItIEn meowm 2ome] ma. 2 |4l x 1} HEATER 2.5 2.0 | 300 | — |aaseaveunzr 10000 | 180 83
OUPLEX-DI00L I . TRIODE UNIT AS 25000 | 0.07S
55 L0 smaL oo | onen | 1t gy HEATER 2.5] 1o [ 350 | — ( THOOEUMTAS —_— — 20000 :.;:g 73
SUPER-TRIODE. CLASS A AMPLIFIER S— -, 4 F—— - —
56 AMPLITTER SMALL $-PIN na s 7 x 1% | wHeaten 25| 10 250 | -— te current to be adjusted to 0.2 milliampere L g
OLIECTONS 2 2 BIAS DETECTOR =H== with no sgnal, S
SCREEN CAID Erceeds acreds
A ) RF AMPLIFIER 100 | o | 2.0 AT ams I 1500
> . -
87 oerecion smuLermw [ e [ el e HEATER .51 1.0 | 250 | 100 preE— o |Cathade cument Plate coupling resistor 150000 ohmms, 124
Lol 0.65 ma. — Gnd coupling resistor 250000 ohema'

*Por Grid-leak Detection—plate volts 45, grid rerur;! to 4+
shunted by 0.25 megohm resistor. *Maximum,

filament or to cathode.

®Applied through plate

coupling resistor of 250000 obms or 500-henry choke
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RATING At MUTUAL| YOLT- LOAD
L3 PLATE CON- FOR |POWER
seexey | maxmen et 00 SCREEN{PLATE| PUATE I3
"m naue aae  |comee | overar | eATHOOE | TUET® | uare | srer [ e gl SUP- | €D SCNEEM Lo (it | mesis. | OYE | amens- [STATED) 085 | pype
TYrte apursting PLY |VOLTSm| VOLTS TVANCE POWER | PUT
TIONS tanaTh ond charateriotics o AMP, | AMP. | TANCE [FICATION
x wax, | waz e |VOLTS OHMS MICRO- FACTOR! OUTPUT | WATTS
aOTR i | oo | vy | vy | e MHOS OR " s
SCREEN CRID [= 3.0 y
TRIPLE-GRID ‘R 250 b 100 2.0 8.1 200000 1600 1280 — T
58 swrenconthol, | sa epin | man | 4130 x 1% | weror 2.5 1.0 | 250 | 100 "M”""leu 1': min_| =
AMPLIFHA PERHETERODYNE | 450 —-10.0 10058 === li=— Oncillatoe peak volts = 7.0.
150 | — | i) 250 | -mo| — | — l260 2300 | 2600 | 6.0 s000 | 1.38
59 | ponminiomo | fwecowm reme| man | )T x24T weaten 28] 2.0 | 250 | 250 |ciassa A | 250 | —18.0 1 250 | 9.0 ]35.0 | 40000 [ aso0 | 6000 | 3.00 »
%5 TRiooE | 300 ] 1| Fower output values aré for 7 tubes | 4600 | 15.0
400 | = |CLASS B AMPLIFIER | 400 ° at indicated plate-to-plate load. 6000 | 0.0
q 5 " %0 | —15.0 10.0 2l 1 g SE;
71-A | POWER AMPITKR | jpeowmarn | po 1 | 417 x 1} omenr | 5.0| 0.25 | 180 | — Jaasaamrunir | g | Talo | — |~ 2000 Y o, | ol o Seaoo, oal nA
75 LComEr o0t | guatemn | mcn | 17 x 14 7)) woAns | 6.3 0.3 2350 | — | conommnw | 250w -135 1 — 0.4 |—— | —— | Gain per nage = 3050 ™
SUPEA-TRIODE CLASS A AMPUIFIER [ 250 —.5] — [ — 3.8 9300 7456 | 13.8 | —— | —
76 AMPLIFIER SMALL 3-PIN PGy 31" ok’ MEATER 6.3 0.3 250 | — Plate current to be adjusted to 0.1 milliampere b
DETECTORW BIAS DETECTOR | 280 | ~20.0 | — | —— with no signal.
R 60 7 [ 650000 | 1100 | 715
TRIPLE GAID RE AMPLITI 250 | —30) 10 2.3 [1s00000 | 1250 [ 1500
b7 OETECTOR SMALL &-PIN AG 1" FIEAdE I U\) HEATER 6.3 0.3 350 | 100 current Plate couphs n
pling resiator 750000 ohuma.
AMPLIFIER BIAS DETECTOR | 250 | — 1.95 0 i Grid ﬂhﬂ‘ resistor 250000 ohums®*
A % % 3 ] 5.4 315000 | 1273
3 e SCREEN CRI 10 |(-3.0| 75| 1.0 | 40 fooocoo | 1100 1100
kU SUPER:COMTAOL, [ sMARL{EIN || (xcsite LIS VY varen | s3] o3 | aso | s | AFRRAR | e { un. wo | w7 | 70 fsoccoo | aso | meo | T | T 4
250 125 | 206 [10.s {eoo000 | 1650 | 9%
TWIN-TRIO! . 180 Power output value is for one tube 7000 5.5
79 T sacc eom | Pt ]t w1 wearer | 6.3| 0.6 | 250 | — [CASBAMPUNIER | 55 at s2ated losd, plate-to plate. 14000 | 8.0 id
praig N 3.7 ] 11000 750 | 8.3 | 25000 | 0.07%
oURLERS aoaaeen | mon 413t xanc | weren | 63) 03 | 250 | — 180 — | — | s 8500 ors | 83 | 20000 | o.160| 88
& SRIODE e CLASS A AMPUINERT] J250 8.0 7500 | tiwo | 83 | 20000 | 0.350
r AS TRIODE § 160 17.0 3300 1435 .7 7000 0.300
180 —— | — Ja0l0 | 3000 | 1350 | 4.7 6500 | 0.400
(CLASS ATAMGLIRIER ]| fogo 31.0 2600 | 1200 | 4. ss00 | 0900
TRIPLE-GAID 3 160 10 | 1.6 | 9.5 |104000 | 1200 | 12 10700 | ©0.33
89 | powEnamrunes | smaL e | maie a3t w0 weaver | 6.3 0.4 | 250 | 250 | ASPENTOOESR. | 180 180 | 3.0 |2000 | so00o | 1550 | 12 0|
CLASS A AMPLIFIER 1
250 250 | S.s 320 | 70000 a0 | 12 6150 | 340
AS TRIOOE @ 18 Power output values are for 2 tubes 13600 1.50
ClASs B AMPLIFIER ol ° e i at indicated plate-to-plate load. 9400 3.50
v-'99 DErECTOn & swaLanus | mate [ 347 x BYY oc v-99
X-'99 Apanieh e verenl 1l "oiay ‘%. e | nenr [ 33} 00s] %0 | — QassAAMPURER | 90 | — 48 | — | — | 2.5 | 13500 a5 | 66 | —— ) — |xgg
DETECTOR# 90 - 4. 5. 00 1575
H2-A AMPLIFIER MEDIUM &PIN | F1B. 1 o | e | 50| 0aas | 180 | — [CLASSAAMPURIER [ 444 _,,_2 — ,.?, f;w ,:w — | — ] u2A
* For Grd lesk Detcction—plate voita 45, gnd retur to 4 flament or to cathode. TTOnd wih control end. God a2 sy Grid #3 tied to eathode.
@Either A. C. or D. C. may be used on filament or h specifically noted. For use 16nd ontrol gid__ Grids #2 and 43 ticd to plate. X Applied through plate coupling fesistor of 250000 shive.
of D. C. on A-C filament types, decrease stated .4 volu by approx.) of ilament voltage. Gy » I -rd » 2 connected together. Grid # 3 tied to plate.  *“For gnd of followang tube.
w
# Requires diffevent socket fror smail 7-pin.
RECTIFIERS
-WAVE Maximum A-.C Voltage per Plate—— .. 500 Volta, RMS
513 Wecirien meowmarn | F62 | 5]7 x 37| nuwon | S04 30 | | Maximum D-C Qutput Current ___ 250 Milla L
X Maximam A-C Plate Volt 7250 Voits, RMS
1213 narwave  lsmawenn | omca |4} s %7 | weren | 126) 03 | — | Monimom D-C Outpat Cusrent—— " 60 Mill 1
RECTIFIEA. . Maximum A-C Voltage per Puu__._____ns Voits, RMS
2515 DOUBLER SMALL ¢-PIN e s a4 =k weaTem ] 25.0| 03 | — | — Maxsmum D.C Output Current__ 00 Milliam; Lanid
Maximum A-C Plate Voita ._._.Jso Voits, RMS
1ove saL oo | ez |43 21kt | weren | 63 03 | — | — 1 O Cute g e 50 e
FULL-WAVE . . A-C Voltage per Piate (Volts RMS) . 350 400 550 The ssa voll FAtng applies 0 flter Crruits hawog an
80 RECTIFIER meown e | PGz fall” x 107 | pamewt | S0 2.0 | — | — e Cutput Eurtent (Maxmum MA.) 125110 135 input choke of at least 20 benries, =
‘Mazimii A-C Plate Voltage. . 700 Voits, RMS
8l MEDIUM ¢-PIN F10. 3 oN & PHLAMENT i PRGN e s M::\mum D% wé unﬂ:t." e B Nmumrr- il
oL wave B ismimam ATC Veitage per Plate 500 Volts, RMS  Mazimum Peak Inverse otage 1400 Vs
82 oL wavEy  yeowm epm | moz | alt7 x 1R | owament | 25| 3.0 | — | — | Maximum D C Output Cument . 125 Millamperss  Masimum Peak Plate Current...— =
TuLLwave> 5 z Mazimom A-C Voltage per Plate 560 Voits, RMS — Maximum Peak Toverse Vdun_l‘deu
[ RecTiFiER meowsm apin | oz 1517 x 207 | poameny | 50| 3.0 ) | D.C Output Current ___250 Miliam; M Peak Plate Current— 800 Maliamperss | - 83
FULL-WAVE . . Mu-mum AL Voltage per Plate . 350 Voita, RMS
.::‘u: s saaLsem | P |alt o1 HEATER 63| os —- | — mam D-C Output Current - 50 peres o]
» Mercury Vepor Type. * Interchangeable with Type 1.

“%For or Grid-leak Dctcctlon—plate volts 45, gnd return to + fllamcnc of to cathode.

@ Requires different socket from small 7'pm.

]
2 Applied through plate coupling resistor of 250000 chms,

Two grids tied together,

Grid next to plate tied to plate. )
®For grid of following tube.
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seqn) Bulaloday JO soysiIeORIRYD

JHL

wO1av.,

AOOSANVYH

&G °bvg




Page 60

THE "RADIO" HANDBOOK

Characteristics of the New Metal Tubes

RCA 6AS8 Pentagrid Converter

Heater volt. (AC or DC) 6.3 Volts
Heater current 0.3 Ampere
Plate voltage 250 max. Volts
Screen volt. (Grids 3 & 5) 100 max. Volts
Anode-grid volt, (Grid 2) 200 max. Volts
Control-grid. volt. —3 min. Volts

Total cathode current 14 max. MA
Max. overall length 3lg inch
Max. diameter 134 inch
Cap Miniature
Base Small octal 8-pin

RCA 6C5 Detector Amplifier Triode

Heater volt. (AC or DC) 6.3 Volts
Heater current 0.3 Ampere
Plate voltage 250 max. Volts
Grid volage —8 Volts
Plate current 8 MA

Plate resistance 10,000 Ohms

Amplification factor 20

Mutual conductance 2,000 Micromhos
Max. overall length 254 inch

Max. diameter 134 inch

Base Small octal 6-pin

RCA 6D5 Power Amplifier Triode

Heater volt. (AC or DC) 6.3 Volts
Heater current 0.7 Ampere
Max. overall length 314 inch
Max. diameter 134 inch

Base Small octal 6-pin

As Single-Tube Class A Amplifier

Heater voltage 6.3 Volts
Plate voltage 275 max. Volts
Grid voltage —40 Volts

Plate current 31 MA

Plate resistance 2,250 Ohms

Amplification factor 4.7

Mutual conductance 2,100 Micromhos
Load resistance 7,200 Ohms
Undistorted power output 1.4 Watts

As Push-Pull Class AB Amplifier (2 Tubes)

Heater voltage 6.3 Volts

Plate voltage 300 max. Volts
Grid volt. (fixed bias) —50 Volts
Plate current (per tube) 23 MA

Load res. (plate to plate) 5,300 Ohms
Power output 5 Watts

RCA 6H6 Twin Diode

Heater voltage 6.3 Volts
Heater current 0.3 Ampere
AC volt. per plate (RMS) 100 max. Volts
DC output current 2 max. MA
Max. overall length 154 inch

Max. diameter 133 inch

Base Small octal 7-pin

RCA 6J7 Triple-Grid Detector Amplifier

Heater voltage 6.3 Volts
Heater current 0.3 Ampere
Plate voltage 250 max. Vol
Screen volt. (Grid 2) 100* Volts

Grid volt. (Grid 1) —3 Volts

Connected to cath-
ode at socket
2 MA
0.5 MA
Greater than 1.5 Meg
Greater than 1,500
1,225 Micromhos

Suppressor (Grid 3)

Plate current

Screen current

Plate resistance
Amplification factor
Mutual conductance

Max. overall length 314 inch
Max. diameter 134 inch
Cap Miniature
Base Small octal 7-pin

* Maximum screen volts==125
RCA &6K7 Triple-Grid Super-Control
Amplifier

Heater volt. (AC or DC) 6.3 Volts
Heater current 0.3 Ampere
Plate voltage 250 max. Volts
Screen volt. (Grid 2) 100+ Volts

Grid volt. (Grid 1)
Suppressor (Grid 3)

—3 min. Volts
Connected to cath-
ode at socket

Plate current 7.0 MA

Screen current 1.7 MA

Plate resistance 0.8 Megohm
Amplification factor 1,160

Mutual conductance 1,450 Micromhos
Grid voltage* —35 Volts

Grid voltaget —42.5 Volts

Max. overall length 314 inch

Max. diameter 134 inch

Cap Miniature

Base Small octal 7-pia

* For mutual conductance of 10 micromhos
¥ For mutual conductance of 2 micromhos
1 Maximum screen volts = 125

THE NEW RCA METAL TUBES

Smaller in size than
7l tubes with glass en-
velopes,  these new
tubes will be found in
late 1935 model re-
ceivers. A power amp-
li‘ier rentode (RCA-
|  6F6), a pentagrid
mixer amplifier and
(RCA-6L7) a400 voit
per plate (RMS)-full-
wave rectifier (RCA-
5Z44 were added to
the list just as this
handbook was put to

The iilustration shows comparative sizes of glass and metal tubes.

press.




100,000 w

~

60,000w

)

1.1 2850 mmfd.

X 30,0000

7000w 7000w

a €

To & C. Evpply

N “50w

y 350w

@ To heaters & dial lamps

Philco Model 200-X Receiver Circuit Diagram

Courtesy Manson Publishing Co.

uoioeg .HnOJ!O JOAIDIDY

IHL

wOl1avy.,

ANOOGANVH

19 abeyq




THE '"RADIO'" HANDBOOK

swi s8

:4 E 1 %\ 3

N N N+
3 N N N~

t -
> ES +
o 3 = = +-$3
[ 4
o i 13
3 —~ 44

° 1

1300 9000 #8500 12000 13500 19000 a0

KILOCYCLES
FIG.

Sensitivity as measured on a typical 5C receiver.
The saw-toothed effect of this curve is due to the
fact that it is really 3 curves shown on one sheet
indicating the sensitivity of the three separate bands
of the receiver, The 3:1 variation observed in each
range is due to the variation in LC ratio over the
ranges. The absence of absorption humps, due to
deleterious natural periods of adjacent coils is ab-
sent in this receiver.
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Selectivity as measured at 6000 ke. This shows the
selectivity without crystal at its worst since the ad-
Jacent channel contribution of input tuned circuits
is negligible at this frequency and the selectivity is
essentially that of the i.f. amplifier alone, as in all
short wave superheterodynes. The switching in of
crystal will narrow this curve to 50 eycles.
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Fidelity antenna to speaker as measured on a 5C
with crystal out. The rising high frequency charac-
teristic of the speaker compensates for the 6 db. drop
of 4,000 cycles, which, however, is of no consequence
on speech reception, being rather an academic con-
sideration of high quality broadcast receiver design.
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This curve indicates the automatic volume control
action of the receiver, showing how the output rises
constantly with increasing signal input up to 100
microvolts and then levels off to the maximum out-
put of three watts. For all practical purposes, as
can be seen from the relative increments at the left,
the volume may be said to be held constant for all
signals of 20 microvolts or stronger since the ear
will not accurately diseriminate between signals of
.6 of a watt and 3 watts ,as is best indicated by the
aound sensation graduations at the left of the curve.
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CRYSTAL

HAMMARLUND
“COMET PRO™

CRYSTAL MODEL
YOLTAGE ATADINGS MADE ON 4000w
PLR VOLT MCTER, USING 10V AND 500V

RANGES. NEGATIVE TO CHASSIS
GAIN CONTROL *OFF

e ——

.4 85 Mk ‘:o:?ﬂ 2AS 1Y
o 218
3 '
o
5 8% 8
H g .
H E = o
2 230,000
3 a )
o5
MFD o
25,0000
12, w
TAPERED
Ls
(4000u)

The Hammarlund Comet Pro, without R.F. pre-selection, but with crystal filter.

The circuit shown above incorporates a
crystal filter which is very effective. Be-
cause impedances are matched there is very
little loss through the crystal filter. This
receiver does not use RF amplification ahead
of the detector and its performance can there-
fore be improved by the use of a separate
regenerative pre-selector. At this writing
a new receiver by Hammarlund, the “Super
Pro” is in the development stage. It uses
RF amplification, variable coupling IF trans-

formers, a separate power supply and a num-
ber of other modern features.

The circuit below shows the original Pat-
terson PR-10 receiver. also without RF
amplification. A standard Patterson pre-
selector is available to connect ahead of this
receiver. The R-12 circuit, shown elsewhere
in these pages, is the more modern version
of the Patterson receiver. In the PR-10, as
well as in the PR-12, coil-switching is used
to change wave bands.

PR-0 CIRCUIT

The Original Patterson PR-10, with

Couuvmicaton smivca’

-

band-pass input.
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Stromberg-Carlson High Fidelity Broadcast Receiver Circuit. Uses two stages of R.F. preselection, variable selectivity in the L.F. amplifier,
wide-range AVC, inter-station noise suppressor, separate H.F. oscillator feeding 6A7 first detector, high fidelity audio channel.
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RCA.-Victor Twelve-Tube All-Wave Superheterodyne, 150-18,000 K.C., 1935 series.
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Analyzing the Transmitter
® A radio transmitter consists of some chanical vibration of the crystal sets up a

form of wave generator, or oscillator,
some means of stabilizing the frequency
of the oscillator, one or more buffer
amplifier stages which serve the dual pur-
pose of amplifying the relatively weak out-
put of the oscillator and isolating the oscil-
lator from the keying or modulation suiges
usually applied to the final amplifier. With
certain types of frequency stabilizing equip-
ment (such as Piezo crystal stabilization),
the buffers are also required to multiply the
frequency (doubling) because mechanical
limitations prevent the stable operation of
Piezo crystals at frequencies higher than
about 8 megacycles, whereas the final am-
plifier may be required to operate on much
higher frequencies. The various buffers and
doublers drive the grid or grids of the
tubes used in the final amplifier stage. The
final stage functions as a converter of DC
plate current into radio frequency alternat-
ing current, which is supplied to the radiat-
ing portion of the antenna through some
form of transmission line,

The Oscillator

Fig. 1 shows the fundamental circuit
of a typical transmitter using a 47 crys-
tal oscillator and 46 buffer-doubler. Step
by step the function of each portion of the
transmitter will be analyzed and comments
will be made on the effect of varying the
size of each component.

The first component, from left to right, is

47 Ly L2 46— Ls
o] ] =
&7 T g t R
x
Rifed| pe é Cs |
— % H =
it LI S
Ca
Ji
»
Ja
B8+400 B+400

FIG. 4

Pentode Crystal Oscillator Link Coupled to
Buffer Stage.

the Piezo crystal. It usually consists of a thin,
flat quartz plate whose physical dimensions
permit it to resonate mechanically at the fre-
quency of the oscillator. The crystal is
mounted between two flat metal plates which
rest very lightly on the crystal in order to
avoid the damping effect of pressure, which
resists mechanical oscillation. Some of the
better types of holders use an air gap be-
tween the top plate and the crystal so as to
avoid even the slightest damping effect. The
two metal plates (which, by the way, must
be lapped perfectly flat) act as the plates of
a condenser, while the flat piece of quartz
crystal acts as the dielectric. Thus the me-

voltage across the condenser and, likewise,
an AC voltage across the grid circuit. This
voltage is supplied by a separate source,
such as the oscillator tube and circuit, so
that the electrical feedback from the tuned
plate circuit will keep the crystal vibrating,
or oscillating.

When the crystal is maintained in oscilla-
tion it acts as a very sharply tuned series
resonant circuit, consisting of high induc-
tance, low capacity and low resistance. The
actual frequency is a little higher or lower
than exact resonance so as to give an inductive
or capacitive reactance depending on the
type of oscillator circuit. This type of
circuit may be said to have a very high
"Q", which is an index of irs resistance
to changes in resonant frequency with
changes in external circuit constants. Thus
the crystal acts as a tuned grid circuit whose
resonant frequency is fairly free from
changes due to varying loads or voltages. Its
frequency varies somewhat with the tempera-
turc of the plate, but for ordinarv amateur
use this temperature effect is not bothersome.

The low frequency crystals (up to 4000
KC) usually start easier and give more out-
put than the higher frequency crystals, which
are usually somewhat fragile and rather
cranky to handle.

The next components in the oscillator
circuit are the radio frequency choke,
RFC1, and the resistor R1, both of which
are connected in series and shunted across
the crystal.  The purpose of the resist-
or is to provide a DC return for the grid
of the oscillator tube so that the grid may
be maintained at a constant DC potential
with respect to the filament (or cathode) of
the oscillator tube. Because quartz is an in-
sulator, the crystal presents an open circuit
to direct current, so an auxiliary path for the
DC must be provided. In addition to the
DC present on the grid of the tube, there is
also present an AC voltage which is caused
by the plate-to-grid feedback in the tube.
This AC voltage exceeds the DC bias and
thus the grid periodically goes slightly posi-
tive, with respect to the filament. When the
grid is positive it attracts some of the elec
trons emitted by the filament. Thus it acts
as a small half-wave rectifier, which causes
a small rectified DC current to flow back
through the resistor R1 to the filament. This
current is very useful and is utilized to cause
a voltage drop across the resistor R1, which
becomes the source of DC bias voltage. The
purpose of the RF choke, RFC1, permits only
DC to flow to ground through the resistor,
R1. Any AC grid voltage which escapes in
this manner is wasted, and consequently
plays no part in swinging the oscillator grid,
which is its intended purpose. The size of
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R1 is not critical. As it is increased in value,
less current flows through it, so the voltage
drop across it does not vary appreciably,
even though the size of R1 is varied over
very wide limits, such as a range of from
five to one.

In general, the lower the value of R1
(down to about 10,000 ohms), the higher will
be the RF output from the oscillator, al-
though higher values (up to about 50,000
ohms) will permit the crystal to start easier.
In fact, only the best crystals will start with
a 10,000-ohm resistor, while the cheaper
ones require the use of a much higher value
of grid leak resistor. In crystal oscillator
circuits where harmonic generation is util-
ized in the crystal stage itself, such as in the
Tri-tet, Dow Crystal Doubler and in the
Jones All-Band Exciter, a high value of
grid leak is used for an altogether different
purpose. The distortion in the output of a
vacuum tube amplifier increases as the bias
is increased, and it is the harmonic distor-
tion which produces the second or fourch
harmonic selected by the output tank circuit.

Next we come to the center-tapped
resistor across the filament leads. This
resistor usually has a value of about
50 ohms, center-tapped, and it is used
to divide the DC and RF currents- equally
across both halves of the filament. If <he
DC and RF returns are made to only one
side of the filament there would be some-
what more 60 cycle AC hum in the output,
because one-half of the filament heating
voltage is being periodically added to and
subtracted from the grid voltage, which ef-
fectively modulates it with the hum fre-
quency. If the tube has an indirectly heated
cathode, such as a 2AS5 or 59, this resistor
is not required.

The oscillator tube itself requires little
mention. Vacuum tube theory and operation

is completely covered elsewhere. How-
ever, the ideal «crystal oscillator tube
should have a high amplification fac-

tor, medium-to-low plate resistance, as
well as low inter-electrode capacities. The
screening does not have to be perfect be-
cause some feedback is essential for self-
oscillation, but it must be kept to a very low
value in order to keep the RF current
through the crystal at a minimum. In some
transmitting pentodes, such as the RK 20 and
the 802, the screening is so perfect that a
small external capacity must be used to pro-
vide the necessary feedback. This is advan-
tageous in that it allows some adjustment of
the feedback so that the best possible com-
promise between power output and RF cur-
rent through the crystal can be obtained.
Now we come to the screen by-pass
condenser Cl. The screen grid, which
is next in order after the control grid
working out from the filament, is kept at a
fairly high positive DC voltage, with respect

to the filament, in order to accelerate the
electrons away from the filament on their
path to the plate. Thus the screen grid is
sometimes called an accelerator grid, espe-
cially in the audio pentodes, such as the 47,
2A5 and the 59, because the grids were de-
signed primarily as accelerators and not as
screen, or shield grids. The use of audio
pentodes in RF circuits was the result of ex-
periments by amateurs because the designers
of the tubes had only audio frequency appli-
cations in mind when the tubes were origi-
nally developed.

At any rate the screen, as we shall call it,
must have a positive DC potential applied to
it, but it must be grounded with respct to
RF. Thus-the by-pass condenser C1 readily
allows RF to flow to ground, but represents
an open circuit to DC. This condenser is
usually of a value between .01 ufd. to .006
ufd., although the larger size is preferable.
At all points where radio frequency energy
is by-passed in an amateur transmitter it is
rather important to use non-inductive con-
densers. Practically all makes of mica con-
densers are non-inductive, and they are gen-
erally used in amateur and commercial trans-
mitters.

The resistance R2 drops the plate volt-
age to approximately 100 volts necessary
for the screen grid circuit. The size
of R2 can be of any value between
25,000 ohms and 50,000 ohms because the
screen current usually varies enough to off-
set variations in this resistor, thus varying
the drop through the resistor so that the
screen voltage is normal. Reducing the value
of this resistor increases the screen voltage
and slightly increases the output, but at the
expense of tube life, and nothing is gained
in using more than 100 volts on the screen
of a 47, 2A5 or 59 oscillator, no matter what
the plate voltage may be.

The condenser C2 provides a means
whereby the plate circuit, consisting of
the plate of the tube, the plate tank,
consisting of L1 and C3 and the filament of
the tube, is completed. The RF energy flows
all around this circuit and if C2 is omitted
the circuit will be “open,” which prevents
oscillation, This condenser prevents the DC
plate voltage from flowing back to ground,
except through the inside of the tube, which
would be the case if the lower end of L1
is tied directly to the filament. The con-
denser C2 also establishes the lower end of
L1 at ground potential, consequently the ro-
tor of C3 is attached to the RF ground end
of L1 so that there will be no troublesome
hand capacity when tuning the condenser.

L1 and C3 form a parallel resonant tuned
circuit, which has the characteristic of pre-
senting a high resistance to the flow of alter-
nating current whose frequency is that of res-
onance, and yet presenting a very low im-
pedance to AC at all other frequencies, in-
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cluding DC which is AC of zero cycles per
second. Thus the DC plate voltage is able
to flow through the tank circuit without being
impeded, whereas the radio frequency output
of the tube encounters a great deal of trouble
in flowing back to ground through the same
tank circuit. In fact, in its path to ground it is
forced to produce many magnetic lines of
force which cut the one or two turns of
the coupling link and thereby induce, by
transformer action, a voltage across the
turns. This voltage is transmitted through
the transmission line to the other two turns
on the other end, whose magnetic lines of
force induce another voltage in the grid coil
L2. This type of coupling between the plate
circuit of the oscillator tube and the grid
circuit of the wube it drives, is called Link
Coupling. It is by far the most efficient and
foolproof method of coupling RF energy
from one amplifier stage to another. Because
one side of the low impedance link or trans-
mission line is grounded, the coupling is
almost entirely inductive, which prevents
the capacity across either tank coil from
shunting the other tank, permitting lower
capacity and higher inductance to be used at
each end, with resultant higher efficiency.
The grounded link also minimizes interlock
between the tuning of the two condensers,
C3 and C4, and also prevents a very bother-
some tvpe of feedback from stage to stage.
Feedback makes exact neutralization difficult.

The Buffer-Doubler

Next we come to the grid circuit of
the buffer-doubler stage. We find the
tuned tank circuit L2-C4. This circuit is
ALWAYS tuned to the same frequency to
which the plate tank circuit which feeds it
energy is tuned, even if the stage operates as
a frequency multiplier, because frequency
multiplication always manifests itself in a
plate circuit. The resistor R3 acts as the grid
leak for the 46 stage and places a DC bias
on the grid, due to the rectified grid current
which flows through it, and thus causes a
voltage drop across it. The size of this re-
sistor is quite variable. Its value is deter-
mined by the amount of excitation which is
available from the oscillator. Whether the
stage is to operate as a straight buffer am-
plifier or act as a frequency multiplier, or
doubler, also determines the value of R3. If
the available excitation is low (less than 10
mills of DC grid current, measured at J2)
the grid leak can be eliminated and the
lower end of L2 is then connected directly
to ground. In this case, condenser C5 would
also be eliminated. However, more excita-
tion than 10 mills is generally available and
thus the grid leak is desirable. Its size is not
critical up to 2000 ohms, and values as high
as 5000 ohms are sometimes desirable for
best doubling efficiency. Many experimenters
use a variable carbon resistor for R3.

The grid by-pass condenser C5 provides
the radio frequency return so that the grid
circuit is completed back to the filament. In
other words, the DC grid path goes to
ground through R3, while the RF grid path
to ground goes through C5, net through R3.

In the first buffer stage maximum power
amplification, not maximum plate efficiency,
is wanted. You are fortunate if you can ob-
tain twenty watts of RF output from the
buffer-doubler stage. The plate dissipation
of a 46 is ten watts and only 66 per cent
plate efficiency is needed in order to get
this output without excessive plate color
on the 46. Thus the stage can be operated at
66 per cent efficiency with improved power
amplification allowed by medium-low effi-
ciency operation. Unless the stage is used
for doubling, the bias must be kept as low
as possible, although not less than that DC
bias which reduces the plate current to zero
when the excitation is removed. Of course,
when using grid-leak bias, the bias also drops
to zero when the excitation is removed.
Measure the bias with a high-resistance volt-
meter with the excitation on. The bias can
be measured across the resistor R3 and
should be about one-twenty-fifth of the plate
voltage applied to the 46.

For doubling, the bias shoukd be from
twice to three times this value and will vary
with individual tubes. Some users of the 46
report good results when doubling with a
bias equal to nearly five times cutoff.

Neutralizing

The split-stator tank condenser C7 is shunt-
ed across the inductance L3. The combina-
tion resonates at either the same frequency as
the grid circuit or some multiple of this fre-
quency. This plate tank circuit differs from
that of the oscillator in that the RF return to
the filament is made through the common
rotor of the split-stator tank condenser. The
rotor is directly grounded to the filament and
thus the extra by-pass condenser (C2 in the os-
cillator stage) is eliminated. The DC connec-
tion to the high voltage is applied to the cir-
cuit at the center of the plate tank coil and is
fed through the RF choke RFC2 in order to
maintain the rotor of C7 as the one and only
RF return to ground. The lower end of L3 is
connected to the grid of the 46 through
condenser C6, which is called the neutral-
izing condenser. This condenser and the pe-
culiar arrangement of the plate tank circuit
is necessary to prevent self-oscillation of the
amplifier stage when operating as a buffer
amplifier.

As was shown in the oscillator stage, the
plate and grid of an ordinary vacuum tube
act as the two plates of a small condenser,
so that a measurable amount of RF voltage
present in the plate circuit is by-passed back
to the grid circuit, where it adds to the volt-
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ages already present in that circuit in again
increasing the amplitude of the RF voltage
in the plate circuit. Thus there is a cumu-
lative rise in the AC plate and grid voltages
which continues and rises even after the
excitation voltage from the oscillator is re-
moved. This condition is called self-oscil-
lation, and the frequency of oscillation is no
longer controlled by the quartz crystal. This
condition of self-oscillation is to be avoided
and it is accomplished by the process of
neutralization,

An AC voltage is alternately positive and
then negative, with respect to some reference
point. Thus if some way is found to feed an
AC voltage into the grid circuit of the 46,
and if this voltage is equal in amplitude to0
that fed back through the plate-to-grid ca-
pacity of the tube itself, and if the positive
peaks of the voltage fed back externally were
made to correspond in time to the most neg-
ative peaks of the voltage fed back through
the tuge itself, then the resuliant voltage on
the grid of the 46 would be zero. This is
explained by the fact that the two voltages,
equal in amplitude and opposite in phase,
completely neutralize each other.

The fundamentals of resonant circuits
show that the voltages at the opposite ends
of a parallel resonant tank circuit are equal,
though opposite in polarity at any given
instant, when the center of the coil is the
reference point. In the case of the plate tank
coil L3 and the condenser C7, the reference
point is established at the center of the coil
and in the condenser by grounding the split-
stator rotor. Thus if the capacity of C6 is
equal to the plate-to-grid capacity of the 46
tube, the voltage drop across this condenser
will be equal to the voltage drop across the
small condenser consisting of the grid and
Elate of the tube. Then the AC voltage will

e balanced out. If this AC voltage is not
neutralized it will cause self-oscillation of the
46 tube. "It is highly important that a refer-
ence point be established at the center of the
plate tank so that the AC voltage on each side
of center shall be equal, otherwise it is im-
possible to establish the necessary balance.

Nentralization, in order to prevent self-
oscillation, is necessary only when the stage
is operated as a straight buffer-amplifier.
When the stage is used for doubling there
is little tendency for self-oscillation because
the plate tank circuit is tuned to a different
frequency than that of the grid tank. How-
ever, the neutralizing circuit becomes a re-
generation circuit and actually aids in doub-
ling, by increasing the grid drive at the out-
put frequency due to the capacity C6. When
used in a doubling circuit the capacity of C6
should be greater than the capacity neces-
sary to properly neutralize a stage which op-
erates as a straight amplifier.

The RF power in L3 can be used to excite
an antenna by means of any of the diverse

y

antenna coupling methods, or it can be used
to excite another RF amplifier stage by
means of a coupling link, similar to Link 1
between the oscillator and the 46 stage.

Mechanical Design
And Construction

@ It takes more than a good circuit diagram
to make a good transmitter. The mechanical
layout and the quality of construction are
important factors if satisfactory results are to
be obtained.

Before the actual construction begins, all
of the parts for each stage should be laid
out on the breadboard or chassis and moved
around until all RF leads are as short and
direct as it is possible to make them. Don’t
worry about making a symmetrical layout
if RF leads must be lengthened to do so, be-
cause short leads are much more important
than the looks of the device after it is fin-
ished. Putting all of the tank coils at one
end of the breadboard and all of the con-
densers at the other end may present a fine
appearance to the onlooker, but the operator
3000 or more miles away may not hear the
signals.

The argument between the merits of bread-
boards and metal chassis continues day after
day. There is probably little difference in
the efficiency of the two. A metal chassis
looks somewhat better, but it is more diffi-
cult to work. Aluminum or copper should
be used, if radio frequencies are present.
Cadmium or copper plating on steel is often
satisfactory.

Breadboards have certain losses because
most soft woods are rather poor dielectrics
and absorb energy when placed in a strong
electrostatic field, such as that which sur-
rounds a transmitter stage. The losses can
be minimized by using dry hardwood for
the breadboard.

The best solution to the breadboard prob-
lem seems to be the use of ordinary white
pine, covered with a thin sheet of aluminum
or copper. 26 to 30-gauge is heavy enough
and it can be securely and neatly fastened
by bending it over the edges of the bread-
board and tacking it down with small
nails. This type of construction allows the
use of ordinary woodscrews for mounting
coils and condensers and it has the further
advantage that the metal acts as a shield, espe-
cially when the transmitter is rack-mounted.
The metal also keeps the capacity to ground
of the various parts of the transmitter con-
stant, which is especially helpful in neutraliz-
ing a push-pull stage. Shielding should be
used wherever necessary, although all shield-
ing represents a small loss. The best form
of shielding is plenty of room between stages.
On things that practically all amateurs pos-
sess plenty of is room; so do not cramp the
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various transmitter stages together. As a
matter of fact, now that link coupling has
proved superior for coupling from stage to
stage, there is absolutely no necessity for
putting more than one stage on a single bread-
board, because the coupling links between
stages can be almost any length up to ten
feet. If the transmitter stages are so close
together that some kind of interstage shield-
ing is necessary to prevent feedback, it is
rarely necessary to completely shield all
around a given stage, as in receiver construc-
tion. A double baffle about six inches high
will usually make even the most cranky
amplifier stage settle down to work, The
two metal plates which comprise the baffle
should be at least a quarter of an inch apart
and should not touch each other except
where they are connected to the common
ground connection, or screwed to the metal
chassis. In some cases the double baffle will
not be necessary, but it is considered best
practice to use this modern method of shield-
ing.

Recently there has been introduced a move-
ment to more or less standardize the size of
breadboards and metal chassis. This prac-
tice is much to be encouraged. It makes
it easy to exchange apparatus among ama-
teurs without necessitating a new rack to
mount the new acquisition. In general, the
chassis sizes more less follow the standard
rack construction originally adopted by the
Bell System. The front panel of a standard
rack is 19 inches wide and it is some even
multiple of one-and-three-quarters inches
high., Three common sizes are seven inches
high, eight-and-three-quarters inches high,
and ten-and-one-half inches high.

The breadboards or chassis, mounted on
or behind these front panels, should not be

wider than 17 inches, because that is all the
clearance there is between the side members
of the standard rack. Most chassis are either
eight and one-half inches deep, or twelve
inches deep. However, there is less reason for

Crystal oscillator link coupled to buffer or

doubler stage. 12 gauge aluminum is used. A

single aluminum shield is shown between the two

stages. Better practice dictates the use of a

double shield, with Y4-inch spacing between
shields.

standardization of the depth because the only
limitation is the strength of the supporting
structure,

A neat way in which to lay-out a trans-
mitter is to obtain several pieces of five-ply
plywood, each 85 inches square, and then
cover these pieces with 28-gauge aluminum.
Each breadboard is of the correct size for a

WIZI—A typical modern amateur transmitter mounted on "breadboards."
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Oscillator, Doubler and Buffer, link coupled. A good example of unit construction.

single low-power stage, and each stage can
be quickly removed from the completed trans-
mitter when rebuilding or when changes are
necessary. For standard rack mounting, two
of these small breadboards can be mounted
behind each panel. A plug and jack arrange-
ment for the various power and filament leads
can be used so that almost any stage can be
taken out and replaced with another right
in the middle of a QSO. One arrangement
of this kind can use either a 47 oscillator, a
Jones exciter or an 865 electron-coupled oscil-
lator stage. The buffer and doubler stages
for this particular transmitter use 210s and
each stage is exactly alike. Then a 50-watt
stage then can replace a stage that uses push-
pull 210s.

Nothing in a transmitter should be
nailed down. Each coil, condenser, etc.,
should be fastened solidly to something, but
it should never be necessary to stand on
your head in order to replace a burnt-out
resistor. If each small breadboard can be
easily removed from the transmitter, it be-
comes a real pleasure to change things around
until every part of the transmitter is working
to perfection.

Not even a radio engineer can lay out such
a complicated piece of equipment as a radio
transmitter and expect it to work perfectly
the first time it is tested. In many cases it
is found that there is insufficient excitation
to some particular stage. This usually calls
for addition of another buffer stage, a simple
job if each stage is on its own little bread-
board., If the entire rig is solidly nailed
down to the top of a table or shelves in a
rack, it is practically impossible to add

intermediate stage without first tearing out
half the transmitter in order to provide room.
It becomes a simple matter to use

A woden frame is used to moui“‘.ihis
| KW amplifier, designed by Chas. Per-
rine, W6CUH.
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additional stages when new
circuits or tubes are to be
tried out. New tubes and
circuits are constantly being
invented and the average
amateur likes to rebuild about
once or twice a year. If each
stage is built as a separate
unit, very little work is neces-
sary to completely rebuild the
transmitter  because  three-
fourths of the old transmitter
can be used again in the new.
When the operator desires to
take a small portable trans-
mitter on a trip, it is quite
simple to remove the oscillator
stage and one or two buffers.
These are then placed in a
suitcase with the necessary
power supplies and . . . presto,
there you have a fine portable
transmitter. It is sometimes
essential to have a transmitter
than can be quickly moved
from your present location,
which may be in an area where
the power had failed, due to
a catastrophe, to a new loca-
tion where power is still avail-
able. This process can be
quickly carried out if there is
nothing in the transmitter that
is too big or too heavy to be
carried by one man.

When laying out a stage on
a particular breadboard or
chassis, the grid coil should
be placed as far from the plate
coil as possible,at least five times the diameter
of the plate coil away from it. If the two coils
are too close together the stage may some-
times be difficult to neutralize. In some
cases, especially in high-power stages, it is
desirable to orient the coils so that they are
at right angles to each other. In this way
the fields around the two coils will have the
minimum of interaction between them.

If the tank coils for the lower-power stages
are wound on receiving-type plug-in coil
forms, they should be of some ceramic ma-
terial, such as Isolantite. Most amateurs prefer
the five-prong type, because it can be used
practically everywhere and it is a good idea
to have the coils for any one stage fit an-
other stage. Another advantage of the five-
prong forms and sockets is that the “Hot”,
or plate lead can be attached to the prong
most widely separated from the other prongs.

Isolantite sockets for tubes and coil forms
are desirable. Some of the newer wafer sock-
ets are satisfactory for use in stages that op-
erate with less than 500 volts plate voltage.
The newer midget condensers give good re-

T

Another | KW final amplifier, breadboard construction. Two
354 Gammatron tubes are used in push-pull. The low grid-
to-plate capacity requires extremely low capacity neutral-
izing condensers. The grid coil is well isolated from the plate

coil.

sults when used in the grid and plate circuits
of low power stages, but it is a good idea to
solder a short pigtail to the rotor, instead of
depending on the usually-poor contact be-
tween the rotor and condenser frame. A high-
resistance joint at this point is very hard
to trace because the stage is seemingly OK,
yet the power output is lowered. It is always
good practice to place a closed-circuit jack
in every grid and plate circuit, even though
some meters may always be in the circuit.
When the stage is removed from the trans-
mitter for test or rebuilding, it is conven-
inent to be able to quickly check the grid
current and plate current while the stage is
being tested on the workbench.

A fairly-good test for the high-efficiency
of a stage is to apply some excitation to the
grid circuit and also apply plate voltage to
the plate (after neutralizing). Use only
grid leak bias, temporarily. With nothing
coupled to the plate tank, the plate current
should go down well below ten mills. The
plate current in a truly-efficient stage should
read about one-twentieth of the normal oper-
ating plate current, when no load is con-
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nected. If the plate mills refuse to drop to
where they belong, it is an indication that
the tube is either flat or that there is an
undesired loss somewhere in the stage. Of
course, the excitation should be about nor-
mal, as should be the bias. A high plate
current with the stage unloaded may also
be an indication of a high-resistance joint
in either the grid or plate tank circuit, It
also may be due to the use of poor materials
for the grid and plate coil forms. As soon
as the plate tank is detuned from resonance
(unloaded) the mills should promptly jump
high above the normal operating plate cur-
rent. In other words, the most efficient stage
would show the greatest dip in plate current
as the plate tank is tuned through resonance
with no load coupled to the plate circuit.

Shunt-Feed and Series-Feed
Tank Circuits

In amateur practice, two methods are
used to supply plate power to the trans-
mitting tube.  One is known as “Shunt-
Feed”, which delivers the DC from the power
supply directly to the plate of the tube. The
radio-frequency voltage present on the plate
of the tube is prevented from being by-passed
back to ground through the power supply
by means of a radio-frequency choke which
is effectively shunted directly across the plate
tank coil. Thus a good test for a radio-
frequency choke is to connect it across the
tank condenser and press the key. If the
presence of the RF choke across the tank
condenser materially detunes the circuit
from resonance, the choke was not very good.
Few RF chokes can withstand this test. One
of the disadvantages of shunt-feed is that no
choke has infinite impedance, and therefore
a finite amount of RF power is lost to ground
through the choke. It is especially difficult to
design and build a radio-frequency choke
which is effective when used on more than
one of the amateur bands. These bands are
even harmonics of the lowest frequency
band, whereas r.f. chokes operate best on the
odd harmonics of the lowest frequency for
which they are designed. Thus a multi-band
choke is only a compromise on all bands
and is theoretically perfect on none.

The only advantage of shunt-feeding plate

BLOCKING COND
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voltage through an RF choke is that it al-
lows the plate tank coil and condenser to
operate at ground potential with respect to
the DC plate voltage. This condiion is some-
times desirable in the design of transmitters
in which the connecting leads must be kept
at a minimum in order to permit quick band-
changing.

Series-Feed applies the DC plate voltage
to the bottom, or cold end (middle of the
coil in a split-tank circuit) of the plate tank
coil. Thus there is no radio-frequency volt-
age difference between this point and ground,
and practically no RF finds its way back into
the power supply. In some cases where the
grounding of the transmitter is somewhat
uncertain, it is advisable to use an RF choke
at the ground end of the coil to take care
of the slight RF potential difference which
sometimes exists between the various portions
of the same transmitter. This choke has very
little work to do and can be small in size.

Eliminating Key Clicks
and Thumps

The transmission of intelligence by
means of radiotelegraphy involves the
recurrent variation of the RF carrier
output between the full “on” and the full
“off” position. “Mark” and “Space” are
defined by the presence and absence of ra-
diated output, respectively. The carrier wave
is usually cut on and off during the keying
process by opening and closing the supply
circuit which supplies plate power to one
or more stages of the transmitter. If the
change from the ‘no output” condition to the
“full output” condition occurs too quickly,
an undesired key click will be produced. This
click will be radiated over a very wide range
of frequencies on each side of the carrier
frequency and it will cause a particularly
annoying form of interference to other radio

oot oAasH
IDEAL SIGNAL

TIME

CLICKS

\\
Il—rm}ups
/

AMPLITUDE

ACTUAL SIGNAL WITHOUT
LAG CIRGUITS

ooT bA3 N

ACTUAL SIGNAL WITH CLICK &
THUMP FILTER WORKING

How the three types of CW signals appear on
the screen of an Oscilloscope.
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A vacuum-
tube keying
unit. This sys-
fem of keying
is positive and
reliable.

High-speed
transmission
systems use it.

services. Usually these key clicks are only
audible over something less than a hundred
mile radius, but they occasionally cause in-
terference many thousands of miles away, in
certain aggravated cases,

There are two distinct types of key clicks.
The most common is that which occurs at
the start of the impulse, or when the kev is
closed. If the voltage builds up too rapidly,
a2 discontinuous wave will be produced and
its amplitude may be several hundred times
the amplitude of the signal wave. This type
of click is usually damped-out by providing
some form of time lag in the circuit which
forces the DC current to build up relatively
slowly. By slowly is meant that the time re-
quired for the current from the power supply
to go from zero to maximum should be about
one-one-hundredth of a second. If the time
is less than about one-five-hundredth of a
second, annoying clicks will be produced.

The most common form of lag circuit is
one that uses a variable series inductance in
series with the key, or keying relay. Often
no variable inductance is available, but the
inductance of any choke coil can be readily
varied by connecting a variable resistor across
the inductance, as shown in Fig. 6. The re-
quired value of inductance depends on sev-
eral variable factors, such as the amount of
current flowing, the plate voltage, the volt-
age regulation of the source of supply, the
characteristics of the filter on the sup-
ply, etc. Thus no definite value can be speci-
fied in advance. As a matter of fact, in no
portion of a radio transmitter can results be
forecast with less accuracy than in a keying
filter. Eliminating keying interference usually
resolves itself into trying every known rem-
edv until one is found that works.

The second type of click is that which oc-
curs at the end of each impulse when the
key is opened. This click is a combination

of the spark produced at the key contacts
and the sudden change in volrage applied to
the radio-frequency amplifier. The use of a
series inductance aggravates this type of click.
It adds a large inductive back EMF when the
circuit is broken and the spark across the key-
ing contacts increases. Ordinarily, the click
produced when the key is opened is con-
siderably less bothersome than that produced
when the keying contact is closed. How-
ever, the use of a series inductance can often
eliminate the “make” click, but at the ex-
pense of doubling or tripling the amplitude
of the “break” click. The latter type of click
is best eliminated by connecting a condenser
in series with a variable resistor across the
keying contacts.

This condenser-resistor circuit fepresents
a compromise between a minimum of. clicks
and good keying characteristics. The size of
the condenser is not particularly critical,
anything between 14 microfarad and 2 micro-
farads is usually quite satisfactory. However,
the resistor must be carefully adjusted for
best results. If the resistor is too large it will
put “tails” on the dots, making the signal
difficult to read; the characters of the alpha-
bet will not be clear and distinct. If the re-
sistor is too small, the plate voltage will
decay too rapidly and clicks will be pro-
duced. A time constant of approximately one-
one-hundredth of a second will usually allow
satisfactory keying without bothersome clicks,
although the really-fast operator who uses
an automatic key may find that the dots
stand out better if the time constant is re-
duced to 70-t0-80-thousandths of a second.

In order to minimize the harmful effects of
this compromise, it is desirable to key in
some circuit that draws but little power.
The grid-block keying method is useful be-
cause the key is required to open a circuit
that carries no current at that instant.. When
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keying the oscillator stage in order to obtain
perfect break-in operation, the oscillator
screen can be keyed, although the center-tap
method of keying the oscillator is also quite
satisfactory. Most of the high-power com-
mercial transmitters that key many kilowatts
of power at speeds up to 500 words a minute
use some variation of the vacuum tube key-
ing system one example of which is shown
in Fig. 2.

A click at the "make” means that some
form of series inductance must be added in

KEYED TUBE
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FIG. 2.

Vacuum Tube Keying. This circuit shows one of
the more simple vacuum tube keying circuits.
Some current flows through the key and this
system sometimes produces clicks when the key
is opened. Both filament transformers must be
insulated from each other and also from ground.
This circuit will not completely cut off the plate
current to the keyed stage, but will reduce it
to a very small value.

the plate circuit or grid circuit of one or
more of the amplifiers. A click at the
“break” indicates that a capacity should be
provided across the circuit keyed in order
to enable the voltage in that circuit to decay
slowly and evenly. The adjustment of the
series resistor is by far the most important
in eliminating clicks.

Key Thumps

The deep thump that often causes consid-
erable interference is largely due to the
fact that the plate power supply voltage is
built up when the key is up, thus causing
a sudden surge of output at the instant the
key is closed. This surge may have several
times the average amplitude of the steady
carrier. This thump can only be eliminated
by improving the voltage regulation of the
power supply so that the voltage with the key
up is less than 15 per cent higher than when
the key is down and power is being drawn
out. The best way to improve the voltage

ORODINARY CENTER TAP KEYING
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FIG. 3

Ordinary center-tap keying. The center-tap of
the filament transformer must not be grounded.
As a general rule, the filament transformer which
supplies the keyed stage will not be used to
supply any of the other stages. The B minus
lead from the power supply should be grounded.

regulation is to connect a bleeder resistor
across the output of the filter; the bleeder
should draw enough load to hold the voltage
down when the key is up. The exact value of
the bleeder can only be determined by ex-
periment because the inherent regulation of
various power supplies varies quite widely.

Conventional center-tap
keying with an adjustable
key-click filter. This sys-
tem gives very good results.
The actual amount of in-
ductance and capacity in
the circuit depends on the

o e amount of current being
keyed, and also on the volt-

& ey age regulation of the plate
power supply. LI should be

R of & value between | and 5

henrys; R1, 20,000 ohms; C,
B- between /4 and 2 mfds.;
FIG.5 R, 2,000 ohms.

Key Thump Filter

® The usual procedure in designing a circuit
arrangement to prevent key thumps and key
clicks is to first place in series with the key
a sufficient amount of inductance to prevent
the too-sudden building-up of oscillations.
By selecting the proper value of inductance
the desired degree of lag can be introduced.
The action of the inductance is satisfactory
when the circuit is closed, but when the con-
tact is broken an arc takes place which burns
the key contacts. The second step is to place
a capacity in shunt with the key to absorb
this “inductive kick” and thus prevent the
arc at the opening of the circuit. But when
the key is again closed, there is a “‘short”
across the charged condenser which gives a
spot-welding eflect on the key contacts, not
to mention interference from impact excita-
tion of associated circuits. To remedy this
condition the next step is to put a resistor
in series with this condenser in order to pre-
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vent a sudden discharge. But this resistor
impairs the ability of the condenser to take
on a sudden charge, absorbing the self-
induced voltage of the inductance at the
opening of the key and to some extent de-
feating the original purpose of the condenser.
The best that can come of such an arrange-
ment is a sorry compromise between a small
arc at the opening of the key, and a small
welding effect on the contacts at the closing

it
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FIG. 7. Key Thump Filter.

of the key. Fig. 7 shows a method for
overcoming the difficulty. L1 and L2 are in
series with the key and provide the necessary
“lag”. The "kick” from L1 is cushioned by
C2. In turn, L2 prevents C2 from spot-
welding the key contacts on discharge. Simi-
larly, the self-induced voltage in L2 at the
opening of the circuit is taken care of by
C1 and L1 and prevents a sudden discharge
of C1. The correct values of L and C can
be determined experimentally. The com-
bined capacity of C1 plus C2 should be 1
mfd. or less. The chokes should be of the
size generally used in power packs.

Primary Keying

Advantages: ~ Allows the use of grid-leak
bias on the keyed stages. Eliminates clicks
and safeguards the filter condensers used on
the keyed stages. Eliminates the necessity
for a high voltage bleeder. Eliminates back-
wave 100%, if more than one stage is keyed.

Disadvantages: Requires a heavy current
relay that can break an inductive AC circuit.
Tends to blink the lights when used on high
power. Sometimes creates bad thumps in
BCL sets on the same line, caused by 60
cycle AC surges. Makes perfect keying at
high speeds difficult due to the tendency of
the filter condensers to add tails to the dots.

Center-Tap Keying

Advantages: Allows the use of grid-leak
bias on the keyed stage, but separate bias
must be used on all succeeding stages. Will
follow a “bug’ perfectly. Easy to read. High
voltage, low current DC relays are relatively
cheap.

Disadvantages: Can cause bad key clicks
unless a good click filter is used. Can also
cause bad thumps unless a rather heavy
bleeder is used across the high voltage. The
bleeder is also necessary to protect the filter
condensers from failure when the key is up.

Keying the Oscillator

This is not a type of keying but a place
to key. It justifies special mention because it
seems to give the best results. at the present
time. (See Fig. 3, Page 96).

Advantages: Allows complete break-in and
completely eliminates back-wave. Practically
eliminates clicks and thumps and will key at
high speed.

Disadvantages: Requires fixed bias sup-
plies for all the amplifier stages. Is apt to
chirp, unless the screen voltage for the crys-
tal oscillator tube is provided from a volt-
age divider, rather than from a series re-
sistor.

Interference Elimination
The Wave Trap

Most of the undesirable interference caused
by amateurs in neighboring broadcast re-
ceivers is usually due to the fact that the
FIRST RF STAGE in the BCL receiver does
not possess sufficient selectivity. Thus the
high-frequency signal from the amateur trans-
mitter rides through into the grid of the
first tube in the BCL receiver. Usually no
amount of selectivity beyond this point will
eliminate the interference. The powerful
amateur signal is so large that it causes de-
tection and cross modulation in the first
tube. One method of reducing the amplitude
of the high-frequency interfering signal is to
place a tuned wave trap in series with the
antenna lead to the BCL set. This trap
should be tuned for the weakest response
to the interfering signal, and it should be
placed as close as possible to the antenna
post on the BCL receiver. Then make cer-
tain that the BCL set has a short. low re-
sistance connection to ground in order to
prevent the AC power line from bpringing in
the interfering signal, in spite of the wave
trap.

e TO ANTENNA
ST 2

RECEIVER

Showing how to connect the wave trap to a
BCL set. The device simply consists of an in-
ductance coil tuned by a variable condenser
to the transmitter frequency. The condenser
can be of any size, from 100 mmf. to 350 mmf.
The coil is wound on a 2!/5.in. diameter form
with No. 20 or No. 22 DCC wire. The correct

number of turns of wire to wind on the form

must be determined by experiment. The fol-
lowing table will serve as a guide:
20 meters.... 4 turns 80 meters.... 12 turns

40 meters.... 7turns 160 meters.... 25-30 turns
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Self-Excited Oscillators

® The SEO (self-excited oscillator) is one
of the mile-stones in the progress of radio
transmitting. When properly designed and
operated, it is one of the best forms of fre-
quency generation, for its use permits any
desired frequency to be obtained with few
adjustments. In amateur band operation this
advantage results in selecting “clear spots”
in which to operate. But it is a rather dan-
gerous circuit—for beginners, or anyone, for
that matter. Few amateurs, especially the be-
ginner, have wavemeters and frequency
meters to check the desired frequency with a
self excited oscillator. With this thought in
mind, beginners should not use the SEO
alone until advancement in radio knowledge
and practise is obtained.

Good design of the SEO dictates a choice
of good parts, solid connections, freedom
from vibration, stable power supplies and
a bit of common sense.

The fundamental thing to remember about
the SEO is that the grid controls the action.
The grid not only controls the output, but
also the frequency and efficiency of the plate
circuit. This means that even though the
grid current and voltages may be low as
compared to the plate power, plenty of care
should be taken with the grid circuit. The
plate circuit must not be overlooked. If as
much attention is given this portion as to the
grid portion, extreme stability in frequency
generation will result.

The common types of SEOs are: The Hart-
ley—Fig. 1; The Colpitts—Fig. 2; The TPTG
(tuned plate tuned grid)—Fig. 3; The TNT
—Fig. 4; and The Electron-Coupled—Fig. 5.

Of the above circuits little need be said,
except in reference to the TNT. Its name is
correct; it is TNT in the hands of begin-
ners. The beginner wasn't satisfied with the
low power, hence the circuit was overloaded
to the extent that the grid coil heated every
time the key was pressed, with the result that
misery was dealt to all who happened to be
nearby, or tried to copy the signals. It is
not a circuit for the beginner.

SEO circuits can be single tube or two
tube (push-pull) affairs. They can be shunt
or series fed.

Push-pull is to be recommended over the
single-ended circuits, for there is a greater
voltage swing, and the even harmonics are
eliminated by this push-pull action. The
rule to observe in the construction of push-
pull sets is symmetry—both mechanical and
electrical. Exact electrical and mechanical
symmetry cannot be obtained until left-

handed and right-handed tubes are manufac-
tured, because the grid and plate prongs of
the tubes are reversed on the left-handed

tubes. However, with the exception of the
filament leads, a high degree of symmetry
can be obtained. The grid leads and plate
leads should be the samc length respectively.
By this is meant that the leads to each induc-
tance from each grid and plate socket con-
nection should be the same length. The con-
densers can be connected to these leads in
almost any manner without disturbing the
constants. In many instances in which in-
ductances are mounted on top of the con-
densers, unequal length of leads may result.
even though they appear correct to the eye.
Fig. 7 illustrates the fact that even though
the grid and plate leads to the condensers
are both of ecqual length, the condenser
frames are really making one lead longer than
the other. To overcome this difficulty, mount
the coils separately with their equal length
connection to the sockets, and then connect
the condensers to these leads. This might
slightly throw off the balance, but odd length
condenser leads still constitute capacity—and
not inductance. This is illustrated in Fig. 6.
A good rule to bear in mind is to keep the
condensers at least a coil’s diameter away
from the coil.

With the above facts in mind, and after
much experimenting, a stable SEO was de-
signed. Fig. 8 shows the circuit. It is a push-
pull circuit of unique design, insofar as the
grid end of it is concerned. The grid coil
is not center-tapped. The bias is supplied
to the tubes through RF chokes. By using
two RF chokes to supply the bias, the ex-
tremly high impedance offered by these
chokes decreases the percentage of mismatch
of the electrical center of the grids in each
half, for while the mechanical center-tapping
of the grid coil is fairly easy, it may be elec-
trically mismatched, which results in a poor
tone when the SEO is operated under a load.
In this circuit the grid tank is truly an oscil-
lating device and when its electrical impulses
are received 180 degrees out of phase, due to
the capacity of the tube that happens to be
idle at that moment, it is free to oscillate
at its tuned period and its oscillation is not
impaired by any center-tap that would usually
be mismatched were the coil mechanically
center-tapped. In this circuit, a fixed con-
denser, C2 is in series with the midget vari-
able tuning. Its purpose is to reduce the
voltage breakdown of the variable C1, for
since this is a resonance circuit the voltage
built up is high.

L1, the grid coil, is constructed with larger
wire than would normally be used, and then
lacquered to hold the wire solidly, so that
temperature change will not appreciably af-
fect its normal inductance. Wire smaller than
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No. 16 can be used, but it is not recommend-
ed. This construction has to do with the
input circuit, which really controls the fre-
quency. Since it is solidly built, very little
frequency shift will be had. This is one rea-
son for its extreme stability. By applying
the same care to the plate circuit, a stable
oscillator, having as good stability as the
usual overloaded crystal oscillator, is the
result.

This circuit can drive an amplifier with
ease, doing away with the usual necessary
buffers. However, if it is used to control
an amplifier whose output is to be 250 watts
or more, an “isolator” buffer stage is recom-
mended, coupling this isolator loosely so
that no reflected impedance can cause any
frequency change to the oscillator.

When this oscillator is coupled to the an-
tenna, the reflected antenna impedance, while
loading the oscillator, causes a frequency
shift; hence it is necessary to mount the
antenna coils solidly and free from vibration,
so that once the desired frequency is ob-
tained, there will be no shift. Since the RF
current in the plate tank is the same through-
out it need only be fed from either end,
although there will be a different reflected
load to either tube. It is therefore recom-
mended that a split antenna coil be used. If
coupled to a Zepp antenna having feeders
axactly odd quarter wave in length, there is
little difference which side of the antenna
coil is fastened to the feeders. If the feeders
are of a length between odd quarters, then
some RF voltage must also be applied, as
well as current, and therefore better results
will be obtained by fastening the feeders to
the coil ends nearest the tank coil, because

)"’{C '
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this is the point of highest RF voltage. See
Fig. 9.

This circuit is tuned like a TPTG, adjust-
ing the plate tank to resonance as indicated
by the low dip on the milliammeter when the
desired frequency is reached. When loaded,
either by antenna or amplifier, it must be
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For 40-Meter operation, LI has 35 turns of No.
16 wire, wound on a !4-inch diameter form.
L2 has 14 turns of No. 12 wire, wound on a
2l/5-inch diameter form.
For 20-meter operation, L1 has 20 turns of No.
16 wire, wound on a 'h-inch diameter form.
L2 has 6 turns of No. 12 wire wound on a 2l/,-
inch diameter form
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FIG. 10
L—For 160 meters. 18 turns, 8!5-inch diameter.
P = 10 turns. © == 8 turns.
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retuned slightly until the desired frequency
is reached for maximum output and frequen-

cy stability.

A grid-leak resistor, of high resistance, at

For 80 Meters. 14 turns, Ilj-inch diameter.
P == 8 turns, G= & turns.

" Cl—For 160 meters .0005 mfd.
For 80 meters .00035 mfd.

C2—For 160 meters .005 mfd.
For 80 meters .002 mfd.
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least higher than normally used for type 10
tubes, helps reduce the grid current and causes
the tubes to act as a more stable oscillator,
giving a much better note. The decrease in
grid current is not detrimental

- 180

A self-excited oscillator using two type '10 tubes.

because of the high voltage
built up across the grid tank. It
is possible, with this circuit, to
use mismatched tubes. Experi-
ments have shown that by
using one good tube, and one
almost dead, the only differ-
‘ence noted was in a decrease
in output; the note and fre-
quency stability remained the
same as before.

The circuit in Fig. 9 is rec-
ommended for frequencies of
from 7 megacycles up. For
frequencies lower than 7 MC,
a single-tube Hartley, shown
in Fig. 10, has the same ad-
vantages—ease of construc-
tion and operation. Because
the values given have been
found correct, they should not
be changed. To tune, merely
turn the tank condenser to the
desired frequency.

Fig. 11 shows a very good
self-excited transmitter using
the well designed oscillator
circuit, except that the tubes
are 45s instead of 10s, and
following up with 10s for the
amplifier. To tune this trans-
mitter, proceed with the oscil-
lator as previously described.
Loosely couple the link, either
by increasing its diameter, ot
cutting down the number of
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turns. However, the loose coupling need
only be observed insofar as the frequency
change is reflected when the grid circuit of
the amplifier is tuned to resonance. Adjust
the amplifier grid tank to peak milliamperes,
as indicated by a grid meter; then neutralize,
with the amplifier plate voltage off. Adjust
the neutralizing condensers until there is
change of the grid current, as indicated by
the pointer on the meter, when the plate tank
condenser is rotated through a complete turn.
Then apply plate voltage. Adjust the plate
tank to low dip of the plate milliameter,
check your frequency again and change the
minor adjustments to your pleasure. Then
couple the antenna and tune., The antenna
coupling recommended is the amount of coup-
ling that will cause the plate current to rise
at only one condenser setting. If the coupling
is too close, it will be neted that on either
side of the correct setting, the plate milliam-
peres will rise. In other words, the dip in
the milliammeter will now be the correct

Piezo Quartz Crystals,

® Quartz plates are the most widely used for
frequency control on frequencies below about
10 megacycles, because of their relative cheap-
ness as compared with tourmaline plates. On
the higher frequencies, tourmaline is to be
preferred for fundamental frequency con-
trol; there is less tendency toward side-tone
oscillation which becomes pronounced with
quartz plates above 7 megacycles. Also, be-
cause of their smaller diameter, and because
of their slightly greater thickness for a given
frequency, tourmaline crystals are stronger

antenna tuning setting, as will be observed
with the antenna meter or some other indica-
tor. However, with the described oscillator,
there should be sufficient excitation so that
the PP 10s can be biased so that there is no
plate current flowing at resanance. Then
when loaded by the antenna, the plate current
will rise, and the power indicated will be
the power taken by the antenna. The trans-
mitter efficiency is therefore increased. How-
ever, the operator will probably adjust it to
suit himself, but it is well warth while to
adjust the bias until the antenna current just
starts to drop off. There will be the same
output with less power dissipated, hence an
increase in efficiency.

This transmitter uses a class C final and
the oscillator is keyed for break-in operation.

By closely following the suggested instruc-
tions, a very stable self-excited oscillator con-
trolled transmitter will be acquited, and will
have the advantages of any desired frequency
operation.

Circuits and Grinding

moved from the resonant frequency. The
quartz filter can be likened to a very low
“C” tank circuit with an extremely high
"Q"”, which, as a series resonant circuit, has
a very sharp selectivity curve.

Circuits and Operation

The conventional crystal oscillator circuit
is nothing but a "TNT", or tuned-grid, tuned-
plate Armstrong oscillator, with the crystal
replacing the grid coil or tank. When the
plate tank is wned to a frequency slightly

R Cr L
= .' c
-B +B
FIG. 1A PENTODE EXCITER TYPE 0SCIL- FiG. 2
CRYSTAL OSCILLATOR, LATOR, fundamertal circuit POWER PENTODE TRANSMITTER
fundamental circuit using triode R1—20,000 ohms. Type Oscillator

R—20,000 ohms.
C2—,004 mfd.
L—Plate coil.

mechanically and also present less grinding
difficulty.

The resonant effect of piezo plates, besides
being utilized for frequency control of trans-
mitters, is made use of in the superheterodyne
receiver to pass a very narrow band of fre-
quencies through the intermediate amplifier.
Such extreme selectivity is sometimes desir-
able for CW work when interference is severe.
The quartz filter acts as a “selective” radio-
frequency filter, with low impedance at its
resonant frequency and almost infinite im-
pedance at a frequency only very slightly re-

R2—20 ohms.
R3—50,00 Oohms.
C2, €3—.004 mfd.

R1—20,000 ohms
R3—50,000 ohms
€2-C3-C4—.004 mfd.

greater than that of the crystal, the feed-back
through the inter-electrode capacity of the
tube permits the circuit to oscillate at ap-
proximately the resonant frequency of the
crystal. Such a circuit, using a regular triode,
is shown in Fig. 1-A.

The power output of a crystal oscillator
is limited by the amount of radio-frequency
current the crystal will pass without heating
or danger of cracking. For this reason,
greatest output can be obtained from tubes
with small grid-plate capacity and high
“power sensitivity”. In this class fall the
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pentodes, such as the 2AS5, 59, 42, RK17, and
47, the latter perhaps being the most com-
monly used. All will work well, there being
very little difference in operation or output.
Fig. 1-B shows the pentode oscillator circuit.

Greater output for a given crystal current
can be obtained by tapping down from the
“hot” end of the tank coil for the plate con-
nection to the tube. The efficiency will be
reduced, but by using one of the *'50-watt”
pentodes in this circuit and close coupling
to the antenna, over 25 watts can be put
directly into the antenna on 80 or 160 meters
without exceeding the dissipation rating of
the tube. Although the oscillator should
run constantly and be isolated from the keyed
or modulated stage by at least one "buffer”
stage when the transmitter is to be used for
telephony or a very clear, distinctive, and
piercing note is desired for CW, such a
transmitter using a crystal oscillator feeding
directly into an antenna will show better
frequency stability and greater freedom from
“wobbulation” than any self-excited trans-
mitter, and will give excellent results on teleg-
raphy. A small, anti-capicity SPST switch
can be connected across the crystal and clos-
ing it when listening. It is a good plan to put
a 100 MA Little-fuse in series with the crystal
when used in such a power oscillator, to pro-
tect it from accident during the tuning-up pro-
cess, The transmitter should always first
be rather closely coupled to the antenna, and
tuned to draw just slightly more than mini-
mum plate mils, before full voltage is ap-
plied. The circuit of such a transmitting-
type power oscillator is very similar to the
exciting-type crystal oscillator, and is shown
in Fig. 2. It is fundamentally the same as the
oscillator of Fig. 1-B, except for the tap on
the tank coil for optimum adjustment of the
plate connection.

A single 47 pentode in a crystal oscillator
makes a very economical transmitter for use
in the 80 and 160-meter bands (See Fig. 2A).
With plate voltage around 600, between 12
and 15 watts can be obtained from the tank.
As before, the transmitter should be tuned-up
and loaded before applying full plate voltage.

Frequency Drift and "Twin Peaks"

Some crystals will oscillate at more than
one frequency, and are said to have “twin
peaks”. This tendency, while more pro-
nounced with certain Y-cut crystals, is also
exhibited by many X cuts. X cut crystals
are sometimes ground with trick contours to
boost the output. If the process is carried
too far, the crystal will oscillate at more
than one frequency unless precautions are
taken with the oscillator circuit to prevent
it. The use of a good, space wound, low
“C” tank coil will discourage a crystal from
oscillating at two frequencies, and at the

s

same time increase the output. Experiments
have shown that the frequency stability is not
improved by large tank capacities, which only
tend to aggravate the double frequency phe-

NQ 18 30LID AUBBEA-COVERLD
WAL ~TwisTED AR

FIG. 2A

A complete one-band crystal oscillator CW
transmitter which gives better results than a
self-excited oscillator. A ‘doublet antenna with
twisted pair feeders is used. L2 is the antenna
coupling coil. R is a 50,000 ohm resistor.

*80-FIL.5V
'47-FIL.2.5V
HV- 300V

EACH SIDE CT.

I 10 VOLTSl

Another one-band crystal oscillator CW trans-
mitter and power supply. C4—.01, C5—.002
to 006, C6—8 mfd. 450 v., R1—25,000 ohms,
R2—50,000 ohms, R3—20 ohms, CT., ClI—100
mmf., C2, C3, 350 mmf., P—type '99 tube (op-
tional) used as oscillator indicator.
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nomenon. There is absolutely no reason nor
excuse for using a high "C” tank circuit in
a crystal oscillator.

Y cut crystals which have been finished with
both sides perfectly flat are the worst offend-
ers in regard to twin frequencies, some-
times making it necessary to resort to a
special form of clamp holder in addition to an
extremely low capacity tank to confime the
oscillations to one peak. Y cut crystals,
ground as described later in this chapter,
will require only the use of a fairly-low “C”
tank circuit and no special holder is required
in order to prevent double frequency oscil-
lation.

COATED PLATE

GLASS
ENVELOPE /
-~

2]

FARNSWORTH IIELECTRON MULTIPLIER"

The cold cathode oscillator-amplifier. This tube
amplifies by the fact that every time an electron
strikes either of the two coated cathodes it
drives off from two to ten additional electrons,
due to secondary emission. Some of these
additional electrons cross back to the other
cathode, causing more secondary emission—
and the balance are picked up by the ring-
shaped anode. A focusing coil (not shown} car-
rying one or two amperes of direct current
must be mounted around the tube in order to
establish the proper division of electrons be-
tween the anode and the opposite cathode.
The principal advantage of this tube is that a
voltage gain of 2000 can be obtained and
inherent tube noise is practically eliminated.

An X cut crystal, that has been ground
with both sides absolutely flat and parallel,
will oscillate at only one peak, but the edges
must be free from nicks, the crystal must be
finished very accurately, and the top electrode
of the holder must not press too heavily
against the crystal, if good output is expected.
By giving the crystal a special contour, it is
possible to get good output without finishing
the crystal so accurately, and the output of
a crystal ground in such a manner is not
appreciably reduced by heavy pressure on
the holder electrodes. But, as mentioned
before, the crystal will have two peaks if the
process is carried too far.

Twin frequencies show up in several ways.
Sometimes the crystal will have two frequen-
cies several hundred cycles apart, oscillating
on both frequencies at the same time, and

producing an acoustically audible beat note.
Other crystals will suddenly jump frequency
as the tank tuning condenser is varied past
a certain point. Operation with the tank
condenser adjusted near the point where the
frequency shifts is very unstable, the crystal
sometimes going into oscillation on one fre-
quency and sometimes on the other as the
plate voltage is cut on and off. Still other
crystals will jump frequency only when the
temperature is varied over a certain range.
And some plates, the worst offenders, will
jump frequency with a change either in tank
tuning or temperature, and produce an audi-
ble beat at the same time, showing actually
two pairs of frequencies.

When working close to one edge of a band
it is advisable to make sure the crystal will
respond to but one frequency in the holder
and oscillator in which it is being operated,
for a crystal with two peaks can jump out of
the band without jumping far enough for
the fact to be readily apparent from the meter
readings of the transmitter. When working
right on the edge, it is also important to
choose a crystal that will creep into the band
with increase in temperature. X cut crystals
have a negative temperature coefficient, Y
cuts have a positive temperature coefficient.
For this reason an X cut plate is preferable
for use just inside the high frequency edge
of a band, and a Y cut for the low frequency
edge. If it is desired to have the frequency
right “smack on” the edge at all times under
all conditions of room temperature, some
form of temperature control will be required
for the crysal. Ovens and constant tempera-
ture crystal holders that will maintain the
temperature close enough for amateur re-
quirements can now be purchased quite rea-
sonably. Amateurs working close to the
edges of the 14 megacycle band should be
particularly careful aﬁout keeping the crystal
at a fairly constant temperature; the fre-
quency shift in kilocycles per degree centa-
grade goes up in direct proportion to the
operating frequency, regardless of whether
fundamental or harmonic control is used.
This is readily apparent from the fact that
when a crystal shifts its frequency by two
kilocycles, its second harmonic has shifted
four kilocycles. Amateurs not contemplat-
ing operation right on the edge of a band
need not worry about frequency drift due to
changes in room temperature; they will not
occur fast enough to make any manipulating
or “following” at the receiving end neces-
sary. If a pentode tube is used for the crystal
oscillator and run at 300 volts or less, the
crystal will not heat enough internally to
cause any noticeable frequency drift from
that cause, even at 14 megacycles.

When a crystal oscillator is keyed and
used as a transmitter on 3.5 or 1.7 mega-
cycles, the creep is not serious even with
much higher values of plate input, because of
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the keyirig and the fact that the drift is not
multiplied as it would be with harmonic
operation of a final amplifier.

Crystals are sometimes cut with their axes
between the X and Y axes, to reduce the
temperature coefficient. It will be remember-
ed that X cut plates and Y cut plates creep
in opposite directions with an increase in
temperature, the idea being to cut a crystal
at such an angle between the two that the
drift is zero. Such crystals do not oscillate
as freely as crystals cut on either of the two
major oscillating axes, and are often very
unstable over certain temperature ranges,
either going out of oscillation or jumping
frequency.

Many amateurs do not fully appreciate the
large effect of the crystal holder on fre-
quency. The frequency of an 80-meter crystal
can vary as much as 3 kilocycles in different
holders. This is because the electrodes of
some of the manufactured holders are far
from being flat. The warped electrodes
touch the crystal in only two or three spots,
forming, in effect, a sort of air-gap holder.
Some of the holders have a spring to pro-
vide tension on the top electrode, which also
has an appreciable effect on the frequency.

The amateur who gives his crystal a scrub-
bing once a week, or makes a practice of
rubbing the top electrode around on the
crystal to dislodge any dust that may have
worked in between them, may find after a
year or so that his frequency has increased a
few kilocycles, which would be embarrassing
if the crystal were purchased for the pur-
pose of operating right on the high frequency
edge of a band. With polished crystals there
is less danger of such a condition, but if a
crystal is put in a dust-proof holder, as it
should be, the crystal need not be touched
for months at a time.

When plug-in holders or selector switches
are used for changing crystals, three crystals
about 3 kilocycles apart can be used with the
transmitter tuned up on the “middle” fre-
quency, and either of the other two crystals
cut into the circuit without retuning the
transmitter. Such an arrangement allows in-
stantaneous frequency change, and is very
useful when interference is bad. If a selector
switch is used, it should be of low capacity,
mounted close to the oscillator tube, and
all leads to the crystals made as short as
possible.

Buffers

If the transmitter is to be used for tele-
phony, or if a very clear, distinctive, clean
and piercing note is desired on CW, the oscil-
lator should be isolated from the final stage
by at least one “buffer” stage, and prefer-
aKly more than one buffer stage should be
used for telephony on the higher frequnency
bands.

To most effectively isolate the crystal stage,
the buffer next to the crystal, and better still,
all buffer stages, should be run from a power
supply separate from one used to supply
power to the final stage. For CW, variations
in plate supply voltage to the final due to
keying of that stage are not impressed upon
buffer stages, and on a plate-modulated phone
transmitter audio voltage developed across
the last filter condenser is not fed back into
the buffers if a separate supply is used for the
final amplifier. However, if the plate supply
to the final of a plate-modulated phone trans-
mitter is not also used to supply voltage to a
class B modulator, the same power supply
can be used for the buffer or buffer stages
if it is first decoupled through a 30 henry
choke and a condenser of 2 mfd. or larger.
The decoupling filter will at the same time
provide additional reduction of power supply
hum from those stages.

It has been found that a doubler provides
better “buffing” action than a neutralized
triode, changes in tank tuning and load im-
pedance having less reaction on the previous
stage. Whether or not this would be so
with a perfectly shielded and neutralized
triode working on the same frequency has
not been determined, but such conditions are
seldom met in actual practice.

Keying the grid of a tube has practically
the same reaction on the oscillator as keying
the plate circuit of the preceding stage. The
same thing applies to a certain extent to a
grid-modulated stage. For that reason,
where the grid of the final is either keved or
modulated, it is desirable to have two stages
between that stage and the oscillator, al-
though this is not absolutely necessary.

When a pair of No. 14 wires feed the
transmitter, and one is keying 800 watts or
so of input to the final, the line regulation
may be such that considerable variation in
plate voltage to the oscillator and buffers
occurs while keying. Because of the lag
effect of the filter on the power supply to the
oscillator, the condition will lend an odd
“wobbling” effect to the note, not particu-
larly objectionable, but certainly noticeable
on the higher frequency bands. Where one
is not interested in securing the ultimate
in crystal-clear, bell-like notes, the crystal
oscillator can be used to directly excite the
final, or in a multi-stage transmitter the oscil-
lator can be keyed along with the other
stages to permit break-in operation. Keying
the oscillator may give rise to "yoops” on
trequencies much above 4000 KC.

For most efficient transfer of energy be-
tween capacitively-coupled stages of a multi-
stage layout, it is wise to alternate low-mu
and high-mu tubes in order to avoid the ex-
treme impedance mis-match which occurs
when a tube of high plate impedance is

capacitively coupled to a tube of low grid

impedance. The use of link coupling be-
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tween all stages will automatically provide
optimum impedance matching, but requires
additional coils and condensers. If it should
be necessary for any reason to capacitively
couple a high-mu tube to the grid of another
high-mu tube, such as an 830-B driving an
03-A, or a 47 driving a 46 or 41, the grid of
the driven tube should be clipped down a
few turns from the plate end of the driver
plate tank. To prevent a form of parasitic
oscillation that occurs with such an arrange-
ment when used with conventional tapped-
coil neutralizing of the driven stage, split-
stator neutralization should be used.

When working on 14 megacycles, espe-
cially where plate-modulated phone is being
used and considerable excitation is not only
desirable but necessary, the problem of get-
ting the greatest amount of 20 meter ex-
citation with the simplest and cheapest out-
lay of parts is of grea. importance. Although
fundamental control with a tourmaline crys-
tal is probably the most simple, such plates
are quite expensive, and such an arrange-
ment is usually prohibitive from the stand-
point of cost, especially when it is desired to
operate on more than one frequency in the
band. It is cheaper to use lower frequency
quartz crystals and use special means of
frequency multiplication to get down to 20
meters. One such an arrangement, using the
Dow oscillator, modified to take a crystal and
commonly called the “tritet” makes use of
the fact that the output circuit of electron-
coupled oscillator is rich in harmonics.

“TRITET"” EXCITER,
fundamental circuit
R1—50,000 ohms
R3—10,000 ohms
R4—10,000 ohms [
C3-C4—.004 mfd.

i Lo

Either a 2AS5 or 59 can be used in the cir-
cuit, the important considerations being to
use a high-C cathode tank and a very low-C
output tank to get maximum output with
minimum heating of the crystal. With tubes
of the above mentioned type, it is also im-
portant to keep the plate voltage below 350
volts, otherwise the plate current will start
to climb after the unit has been in operation
a few minutes. The fundamental circuit is
shown in Fig. 3. The newer and more mod-
ern harmonic oscillator, which gives greater
output than the “Tritet”, is the Jones Exciter,
fully described on page 95.

Fig. 4 shows a circuit using a 53 “twin class
B” tube as a combined high-mu triode 40
meter crystal oscillator and high-mu triode
doubler. Because of the high value of the
grid resistor required for doubling, the oscil-
lator is given a respectable load to work into,
in spite of the fact that the circuit is the

equivalent of one high-mu tube capacitively
coupled to another. The oscillator coil is
wound on a one-inch form, and turns removed
one at a time until the circuit goes into
oscillation. Further adjustment is then made
by merely spacing or compressing the turns
until the circuit is stable under operating
conditions. No. 22 or 24 DCC wire for the
oscillator winding will facilitate she spacing

“SIAMESE™ EXCITER,
furdamental circuit
¢2—.004 mfd.

FIG. 4

adjustment. The doubler tank should be
space wound and very low-C, No. 20 enamel-
ed on a two-inch form, making a good coil.
It is unnecessary to re-tune the oscillator coil
when changing crystals, slight readjustment
of the doubler tank condenser being the only
change necessary. The grid resistors should
be either metallized or of carbon. between
25,000 and 50,000 ohms is the best value, If
RF chokes are used in series with the re-
sistors, lower values can be used, with a
slight increase in output. The coupling con-
denser between the oscillator plate and doub-
ler grid should be very small, a few inches of
hook-up wire twisted together serving the
purpose quite well. The output of the
doubler tank should be link coupled to the
following stage. This unit allows the crystal
to run cooler than the “tritet” formerly de-
scribed, and gives no trouble from erratic
operation as sometimes experienced with the
“tritet” under certain conditions. The dis-
advantage of this "Siamese” circuit is that it
is effective only when doubling or tripling,
while the Jones Exciter (page 95) will give
good output on the fourth, and even higher
harmonics.

B+200-300v

-8 B8+500%

“LES-TET" 2B6 EXCITER
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40-Meter Crystals

A 40-meter crystal can be used in the con-
ventional 47 crystal oscillator circuit and
link coupled to an 841 doubler running at
about 700 volts to excite a 210 to full output
with high efficiency on 20 meters, provided
the 841 is also link coupled to the 210. On
the higher frequencies there is a worthwhile
increase in efficiency and output when using
the link form of inductive coupling, rather
than capacitive coupling. Capacitive coupling
is justified at the higher frequencies only for
the sake of simplicity where a reduction in
efficiency can be tolerated.

When using a 40-meter crystal, special pre-
cautions must be taken, and more care given
to circuit details than with lower frequency
crystals. The use of a suitable holder is of
prime importance with 40 meter crystals,
many 40 meter crystals refusing to oscillate
in any holder except the particular type in
which the crystal was designed to operate.
Merely because a holder wotks well with an
80 or 160-meter plate, one should not be led
to believe that the holder should work well
with a 40-meter crystal.

An excellent holder, one that will work
well with most of the 40-meter crystals sold
today, can be made by using a silver dime for
a top plate, a very fine wire (No. 36 or so)
soldered to the dime, and allowed to rest
very lightly on the crystal. The silver dime
(10-cent piece) should be ground down on
one side until it is about .03-in. thick, the
fine connecting wire secured with a drop of
solder, and the smooth side lapped abso-
lutely flat after the solder has cooled. The
bottom electrode must also be lapped abso-
lutely flat, the flatness of the electrodes de-
termining to a large extent the efficiency of
the holder. Some 40-meter crystals will work
better in the above holder with one side down
than with the other side down. The crystal
should therefore be reversed in the holder to
see if any difference is noted in output or
stability. Some 40-meter crystals will show
“twin"” peaks in the above holder unless used
“sunny side up”. A 40-meter crystal requires
a very light top electrode with no additional
spring pressure for maximum output. Spring
pressure is not necessary for stability, unless
the transmitter is subjected to_severe vibra-
tion. The faces of a 40-meter crystal are
practically flat, and if the surfaces of the
holder electrodes are as flat as they should
be, the top electrode will not tend to “rock”
on the crystal and cause frequency insta-
bility.

The electrodes of the holder can be finished
on a fresh piece of plate glass with a very
fine grade of abrasive. The glass will wear
down faster than the metal, but the electrodes
can be ground reasonably flat on the side of
a wheel or on an oil stone, and not much
grinding on glass is necessary.

s

Unfortunately, not all 40 meter plates on
the market will deliver good output even
when operated under ideal conditions. It
is rot enough for a 40-meter crystal to “oscil-
late”; it must be a free oscillator and stand
a reasonable amount of loading without go-
ing out of oscillation. Such a crystal must
necessarily be ground with a high degree
of precision. Most 40-meter crystals are
cut a bit undcr one-inch square, to make them
stronger mechanically. This does not seem
to affect the output (unless carried too far)
and the smaller-than-customary size does not
denote an inferior product.

Before placing a 40-meter crystal in its
holder, the edges of the crystal should be
examined very carefully for nicks. A nick
almost invisible to the naked eye will some-
times have an appreciable effect on the out-
put of a 40-meter crystal. If the edges show
that they have been chipped, the crystal
should be returned to the manufacturer so
that the edges can be refinished.

As has been stated, the tank circuit of a
crystal oscillator should preferably be low-C
on any frequency, but on 40 meters low-C
is essential. The coil should not be placed
closer than several inches to any shielding,
if shielding is used. .

While either 25,000 or 50,000 ohms seem
to work equally well for the screen dropping
resistor on 80 meters, the higher value is
preferable with a 40-meter crystal. The grid
resistor should also be a bit higher for 40-
meter operation; 10,000 ohms is the mini-
mum value for a type 47 tube. Wire-wound
resistors can be used without series RF
chokes, if the distributed capacity is low
and the number of turns of resistance wire
is such that the resistor itself acts as an
effective RF choke at the operating frequency.
The small, manufactured chokes of the sec-
tional-wound, grid-leak mounting type are
very effective at 40 meters, and it is a good
plan to use one in series with the resistors
even if a metallized or carbon resistor is
used.

A crystal current that corresponds to 450
plate volts on a type 47 oscillator, loaded and
tuned to slightly more than minimum plate
mills, is a safe value for continuous operation
and will not heat the crystal enough to cause
noticeable drift. It is advisable, however, to
use a lower value of plate voltage for the
preliminary tuning, and to take care that the
oscillator does not become detuned or un-
loaded during regular operation. If suffi-
cient excitation for the next stage can be ob-
tained with lower plate voltage on the oscil-
lator, it should be used in preference to
higher voltage because it allows a margin
of safety, which is always desirable.
Grinding

Finished crystals are not the expensive
luxuries they once were, but many amateurs
still prefer to grind their own. Some take
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A piece of raw quartz and several unfinished slabs from which oscillating crystal blanks are
cut. The best quartz is mined in Brazil.

pride in constructing an entire transmitter,
not merely assembling it.

With a little time, patience, and the proper
tools and material, any amateur of average
ability can finish rough blanks into oscillat-
ing plates of good output. It is necessary
to observe a few important precautions and
to follow instructions carefully.

When ordering blanks, it is well to specify
the band in which the crystals are to be oper-
ated, as well as the preferred cut, because
grinding a 160-meter blank down to 80 meters
by hand entails considerable labor. Much time
can be saved by procuring blanks that do not
run over .008 or .01 inch greater than the
calculated finished thickness. This does not
apply, however, to 40-meter crystals; it is
necessary to purchase a blank considerably
thicker in order to be able to grind a flat
surface for the reference side, which is of
especial importance with 40 meter crystals.
A blank only a few thousandths of an inch
thicker than a finished 40-meter crystal is too
thin to hold a flat surface.

Amateurs who have had no previous grind-
ing experience will do well to first attempt
a Y cut 80 or 160 meter crystal. Although
it takes no longer to grind an X cut after
one has become proficient, X cut crystals
must be finished with a greater degree of
precision and are therefore best avoided by
the novice for the first attempt. By finishing
with the proper contour and using a low-C
oscillator tank circuit, a Y cut crystal will
have but one major frequency response and
will have a continuous.temperature curve over
the normal range of operating temperatures,
It is not necessary to resort to a clamp-type
holder with heavy pressure-(resulting in de-
creased. output)—the trick is in shaping the
surfaces. Thus the. “X cut versus Y cut”

controversy resolves itself into a question
of frequency creep. The temperature coeffi-
cient of a Y cut plate is about twice that of
an X cut plate (and in the opposite direc-
tion), but if the oscillator is run underloaded,
as is to be recommended, the drift will be
negligible with a crystal of either cut.

The necessary materials and equipment for
doing a good job with a minimum of labor
and difficulty include a micrometer, several
pieces of heavy plate glass, an oil can filled
with water, a pan of clean water, several
clean towels, a bottle of India ink, a test
oscillator, some sort of frequency-measuring
device (a calibrated receiver will do), and
small quantities of No. 150, No. 280, and No.
400 carborundum. The latter grain is used
only in finishing X cut plates, and need not
be procured if one intends only to grind Y
cuts. Water is used in preference to kerosene,
because it is necessary to remove all trace
of kerosene each time a crystal is tested in
the oscillator. A one-half-inch micrometer,
reading to ten-thousandths, is best adapted
for thickness measurement, but a one-inch in-
strument, reading to thousandths, will meas-
ure close enough for Y cut plates by estimat-
ing to ten-thousandths, and with care can
even be used for the lower frequency X cuts
it nothing better is available, It is advan-
tageous to grind down, the movable face of
the micrometer on a wheel so that the tip
resembles a cone with a rounded point,
rather than the. end of a cylinder. This en-
ables one to measure a point on. a crystal in-
stead of a section of the crystal. Of course,
if the micrometer is a borrowed affair, or
is to be later used for shop work, such pro-
cedure: would be out of the. question. Ex-
cellent wosk. can be done with a regular,
standard micrometer with flat faces.
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The test oscillator should be equipped with
a plate milliammeter, a dummy load which
can be cut out of the circuit, and plug-in in-
ductances so that either low or high “C”
can be used in the tank circuit for test pur-
poses. An RF meter in series with the
crystal is useful, but not absolutely necessary.

In view of the fact that blanks purchased
from reputable manufacturers are almost
certain to make good oscillators, it is a waste
of time to parallel the faces and test a blank
for oscillation before roughing it down. The
practice of finishing alternate blanks as cut
from the raw quartz makes it possible for a
manufacturer to give a reasonable assurance
that the blanks he sells will oscillate if prop-
erly finished. It is not necessary to pay
finished-crystal prices for a tested oscillating
blank in order to make sure the blank will
make a good oscillator. The rough blanks
are cheaper and just about as easy to finish.

Assuming that one has the necessary mate-
rials and a 160 or 80 meter Y cut blank
which it is desired to convert into a good
finished crystal, it is first necessary to finish
one side flat, to use as the reference side
(some blanks already have the reference
side finished and marked). This can be done
by rubbing one side around with even pres-
sure on a piece of plate glass that has been
smeared with No. 150 Carborundum grain
and water until India ink marks which have
been placed on the tip of each cotner dis-
appear. The crystal is then rinsed in the
pan of water and rubbed on another piece of
plate glass, covered with No. 280 Carborun-
dum and water, for a half minute or so—
care being taken to see that the pressure is
fairly even all over the crystal, and that the
grinding is being done on the same side.
The crystal is then washed, dried, and one
corner of the finished side marked with India
ink. All subsequent grinding is done on the
other side. Using a finer grain of abrasive
for finishing Y cut crystals is not advisable,
because it does not increase the output but
only aggravates the tendency toward twin-
frequency peaks. By using a medium grain
of carborundum for finishing, and by giving
the right contour of the side that is not yet
finished, the second peak can be entirely
eliminated. .

The crystal should now be roughed down
with No. 150 grain carborundum until it is
.002 or .003 in. thicker than the calculated
finished thickness, which will be very close
to .022 for 3500 kilocycles, and .0435 for
1750 kilocycles. The finished thickness of a
crystal of either cut can be predetermined for
a given frequency within fairly close limits
by applying the corresponding formula at
the end of this chapter. The crystal is next
finished down with the No. 280 abrasive to
about .0004 in. greater than the calculated
thickness (.001 for a 160-meter plate), fre-
quent micrometer readings being taken to

_

prevent any high or low spots from appear-
ing. The crystal is then put in the oscillator.
If its surfaces are reasonably parallel, it
should now oscillate. If it oscillates at but
one frequency as the tank condenser is varied,
it is a most unusual Y cut crystal and is not
acting in characeristic fashion. Making sure
that it is oscillating at the low-frequency
peak, the frequency should be checked to see
how closely it is agreeing with the formula.
You can now proceed to get rid of the second
peak (the higher frequency one) by giving
the face you are working on a convex con-
tour. The degree of convexity necessary to
give one-frequency operation will vary with
different crystals, but in every case the second
peak will disappear before the process is
carried far enough to affect the output to any
great extent. In fact, a moderate curvature
will actually increase the output slightly
over that of a Y cut crystal that has been
ground with both sides perfectly flat.

At this point, the corners should be slightly
rounded and the edges finished up. It is
best to finish them before putting the final
touches on the crystal when attempting to
grind the crystal to an exact frequency, be-
cause grinding on the edges will sometimes
affect the characteristics of the plate. Grind-
ing on the edges has a minor effect on the
frequency, and also will sometithes cause a
crystal that checks at one frequency to de-
velop a second peak.

The optimum amount of convexity can
only be determined for each particular crystal
by trial, but it is not critical so long as no
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