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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.

I 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
written 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
of radiotelephony, wrote the chapter on this subject.

D. B. McGown, widely-experienced sound engineer, is the author of the
section on transformers, chokes and filters.

Chas. Perrine, Jr., owner and operator of W6CUH, gave the published
facts 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 Amateur Radio

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 1o help the beginner construct a code
practice set. Onec 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,

FIG. 1
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 telegragh 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-

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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FIG, 2

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 2214 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 Cl,
or by varying the amount of “B" voltage.
Here again, 221/ volts will give a very pleas-
ing 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 nind 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 be 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-

N

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 ate
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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, vour 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. Tecll 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”,"sce”, “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, $ 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
vou 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
pausc¢ long enough so that you have dis-
tinguished what you have sent, then go to
the next letter. Some good code practice
can be sccured 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
yoursclf 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 clectrical or radio phenomena
requires a knowledge of the electron con-
ception of matter and energy.  All marcter is
composed of positive and negative particles
of electricity, the former called protons and
the latrer 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 clectrons.
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 ncutralize
cach 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 clec-
trons, which gives to the atom an clectrical
charge.  If the number of electrons is in-
creased the atom possesses a negative charge,
while if there is a deficiency of clectrons 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 cquivalent number of clectrons in, and
surrounding the nucleus.

In all substances which arc 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
clectrons 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 puint
of e¢lectron deficiency; in other words, from
a negative point to a positive point, in any
closed circuit.

The looseness with which the outer clec-
trons are held in any atom is related o 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 clectrons 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
clecerons which, tike 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
clectrons at all points along the conductor
are equal.  This cqualizing force is called
the electromotive force, abbreviated EMF,
and is usually expressed in volts.  Thus
clectromotive torce, or voltage, as it is com-
monly called, it duc to a non-uniform 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
chousen to distinguish between the two types
of electrical charges.  These terms  were
chosen many years before the electron-move-
went 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. Lt is now
known that the electrons, which comprise
the current, actually move in the opposite
direction, or from negative to positive
terminals.

Because ¢lectrons 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 clectrons
of the circuit ahead of them around o the
pusitive terminal to ncutralize the deficiency
of elcctrons at that point.  As the bauery
by its action continues to push clectrons
through itself from the positive to the
negative terminal, there results a2 constant
stream of electrons through the circuit, as
long as it is closed. The actual migration,
or progress of ecach individual electron
through a conductor, ranges from 3 t 15
centimeters per second, although due to the
push which each electron exerts on  the
clectron 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 ctrcuit 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 eclectromotive 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.

s P2,
-, J
I
FIG. 1 FiG. 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 cach 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 1 is the current in amperes,

E is the electromotive force in volts,
R is the circuit resistance in ohms.
E
E=IR I=— R=—
Thus resistance equals voltage divided
by current.
Current equals voltage divided by re-
sistance.
Voltage equals current times resistance.

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



THE "RADIO" HANDBOOK

Page 9

SERIES
R, R, R,
AN —— AN ——AMWW—

Rrora. = Ry + Rz+ R3

PARALLEL

‘...
v
b
FVA—
.

~

Rvou., =
L o Lo L
R, R. R,
SERIES PARALLEL
P <
Ry 3Ry 8L
< b3
2 2
:
Rz 2R 3; Re
L}
Rrorar = — 1 0
R,* R, Ry+ R, Ry + Rg
FIG., 3

used. 1t 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-1a. figure of resistance value.
B COLORED END-20d figure.

C CENTER DOT-number of ciphers following
firt two hgures.

figure color figure color
©O BLACK - GREEN
t BROWN [ BLUE
2 RED 7 VIOLET
3 ORANGE 8 GRAY
4 YELLOW 9 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 resistor. This equals
the amount of 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:

E.
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.

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
clectron. 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 of concentric
equipotential circles surrounding the electron.
See Fig. 4.

W = EI W =I'R

AT REST OR MOVING
AT A CONSTANT VELOYTY

oi1mgcTION OF
“OVEMENT
p— —e———

TN / //\\ 7 X \\\\\
Sl MWL)
@ / 4,//.(/(9/) | 4;,..‘/4.

/

7Y ;
< Ax_
Yas
A B [

NO CHANGE IN
vELOCITY

ACCELINATED DECELERATED

FI1G. 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 electrostatic fields surrounding
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electrons in adjacent turns of the coil overlap.
The cnergy 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
fong, 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 wirc. 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 incrtia
can be visualized in the following manner:
When an electron is accelerated, or speeded-
up, its electrostatic ficld does not instantly
respond to the motion of the electron be-
cause the clectrostatic disturbances caused
by the sudden acceleration of the electron
travel outward from the electron with the
speed of light.

Thus when the clectron is being accelerated,
different parts of the field are moving at
different speeds, as shown in Fig. 4 (B),
and the concentration of encrgy ahead of the
electron is greater than the concentration be-
hind it. As soon as the clectron attains
constant velocity its ficld 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 clectron 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 thercfore
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, cnergy 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-
nectic 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 magnctic properties of any magnetic
substance compared with the magnetic prop-
erties of air. Iron, for example, has a per-
meability of approximatcly 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, therc is one important
differcnce—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 cerrain point is
reached in the flux density of a magnetic
conductor, an increase in the magnetizing
ficld 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 magnctizing 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 ciuse
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-
clectromotive force set up in the conductor
which is carrying the exciting current.  This
point helps to explain why the inductance of
4 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
1 back-eleceromotive force induced by the
changing current within itself. In addition,
it has an induced clectromotive force in the
same direction, due to the changing current
in the adjacent turns on each side ofthe pot-
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 onc
ampere per second.

If 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 ac the rate of one ampere pet
second.  The unit of inductance is the henry.

Inductive Reactance

The principal property of an inductance
is to resist any change in current through it,
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 sccond.

Formula:

Where Xy is the inductive reactance in ohms,
f is the frequency in cycles per sccond,
L is the inductance in henries,
Xy = 2%fL

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 connected 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 4 L2 4 L3, etc.
Inductances in parallel:
1 1 1 1
=— 4 — 4+ — 4, etc.
Lol L1 L2 L3

Transformers

It was scen 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
tadio 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 desited to in-
duce a voltage is termed the secondary wind-
ing. If the primary and secondary windings
cach have the same number of turns, closely
coupled, and if ncither 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 c¢qual 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 sccondary, 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,
Z.s = 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 voltage, the current
will surge back and forth every cycle, be-
cause first onc 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, cach set connected together con-
ductively. Different insulators have differ-
ent diclectric 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 X¢ is the capacitive reactance in ohms,
f is the frequency in cycles per second,
C is the capacity in microfarads.
1,000,000
Xc=—mm
27(C
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.

Condensers in series:

1 1 1 1
— =4 — 4 — 4, et
Coral C1 C2 C3
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 thar 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=1Z Z=— I=—

z
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
value read on most AC voltmeters or am-
meters.

In considering alternating current the
actual power is not the product of 1°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 Icosg. The cos@ 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. Al 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.

NEIGHT OF MAXIMUM
CLECTADN  DENSITY

TRANSWITTER Agegiven

FIG. 5—Refloction 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

Induciances 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:

L, = NdK

Where L: 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=—o
R
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Capacity Considerations

The capacity of a condenser consisting of
two parallel plates is given by the formula:
A

C = .08842 k —

D
Where C equals the capacity in micro-
microfarads, A equals the area of active di-
electric in square centimeters, 1D 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 it 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 circutt are almost
entirely duc 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 cffective resistance of the
circuit. At frequencies higher than resonance
the capacitive reactance is less than the in-
ductive reactance, with the result thae the
impedance is higher than that at resonance.
The same holds true at lower frequencics,
except that the larger reactive term is capaci-
tive, The reactive voltage drop across cither
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 2%fL E
Ef, = = = EXQ
R 27 fCR

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 uf frequency from resonance
2Q

will only give 70% of the resonant
current.

1
—— difference of frequency from resonance

will only give -i5% 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-
uve 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 cqual to the
capacitive  reactance, and the parallel im-
pedance is effectively a very high resistance.
The parallel impedance at resonance is equal

(27fL)*
to: —— = 2%fL Q
R

This shows that at resonance there is a
resonant rise in impedance of "Q times the
rcactance of cither branch.  This means,
for example, that a tuned radio frequency
amplifier would have more gain and also
better sclectivity with a high “Q" coil in
the tuned 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 s placed across the parallel tuned
circuit. The cffece of a shunt resistance is to
increase the cffective series resistance of the
same circuit by an amount given in the fol-
lowing formula:

Is
r=—m
rs X {27fC}Y 4 1
where rg is equal to the shunt resistance.

For example, a shune resistance of 2,000
ohms would increase the cffective 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 withvut 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.
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The resonant frequency of a parallel tuned Q7EM)*
circuit is given by the expression: —_—
1 Z.
f=— The equivalent primary impedance becomes
27\/LC (27fM)*
for high Q" circuits. 7 —

The resonant frequency is affected by the
effective series resistance, and conscquently
the above expression is slightly in crror 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.

)
il

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 aces like an inductance having an ap-
parent value equal to - where m s
| —m*
the ratio of applied frequency to the natural
resonant frequency of the coil, and L is the
theorctical 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 usce 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:

3
Where Z, equals the series impedance of the
primary alone,
Z. 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.  Ncearly 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 circuit 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 tircuit. 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 10 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.
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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 necutralize 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 150 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 112 MC (2l meters) and
224 MC (1Y, meters),
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Vacuum 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 cther, the radio waves are
tremendously attenuated and somctimes must
be amplificd 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 ¢lectrodes. Con-
nections arc brought out to conncctors from
the cathode¢ and from the other elements.
The cathode supplies clectrons, 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 controlied.
From this fecature 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 that 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 dircctly 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 an evacuated
envelope, it is found that a few of the elec-
trons thrown off by the cathode leave with
sufficient velocity so that they reach the
plate. If the plate is connected electrically
to the cathode, these electrons will flow back
to the cathode, due to the difference in elec-
trical charges caused by the electron leaving
the cathode and reaching the plate. This
small current that flows is the plate current,
If a battery, or other source of DC voltage is
placed in the external circuit between the
plate and the cathode, so that the battery
voltage places a positive potential on the
plate, the flow of current from the 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) nearby. 1If 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 clectrons leaving the cathode are ar-
tracted over to the plate, and no increase in
plate voltage can increase the number, be-
cause the plate is already geteing all of them.
If the temperature of the cathode is raised,
there will be an increase in the number of
clectrons 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 10
the face that tubes with Thoriated Tungsien
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filaments are rather sensitive to changes in
filament tempcerature; thus o 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
i1s operating with high plate current.

Diode Rectification

If a negative charge is applied to the
plate, the electrons in the spuce 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 circuiy, 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 potential 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.
Dectection, 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
clectron flow from cathode to plate to be
exercised by the applicadion of a relatively
small control voltage to the grid. A three-
clement 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 voliage on the grid
is. made high cnough, it totally stops the
flow of plate current.  The negarive grid
voltage at which the flow of plate current is
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 1o the cathode, clectrons arc
attracted outward and away from the space
charge arca 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,
Y
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Some of the clectrons 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 ¢flect of the
grid current.

A vacuum tube amplifies the voltage ex-
cursions of the grid by reason of the fact
that the cffected change in plate current
causes a similar amplified voltage drop o
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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clectrostatic 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. 1If 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 acriving 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 1 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
clectrons emitted from the plate will be
forced to fall back into the plate and are
prevented from guing over to the screen.
This outer grid in a pentode is called the
suppressor grid because it suppresses the
secondary c¢lectrons driven out ot the plate.

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

cthiciency). 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 clectrons attain a velocity equivalent to
falling through a potential différence of
104 volts (for mercury), they are able to
knock clectrons 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
jons. 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 tube 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
jonized, the grid loses all control over the
clectron 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 uscd 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 current. 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 only 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.

Vacuum 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 clectrode current as
any one of the electrode voltages is changed,
a characteristic curve is obtained. The static
characteristic curve is obrained 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 10 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
docs 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 tbe 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 js the
ratio of a small change in plate voliage 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 cnables 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 wbe 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 typc of amplification is used in all
RF, IF and low-level audio amplificrs 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 ,, 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
efficiency 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 etficiency 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
15 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 berween
class B and class C.

Detection

The process of detection, or demodulation,
1s 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 that more
overall amplification can be obtained from
fewer twbes. The plate detector (or bias
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detector, sometimes improperly called power
detector) amplifies the rudio-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 cither 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
cfficiency, not amplification alone.

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

Oscillation

The phenomena of sustained oscillation is
obtained by cougling 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 wbe 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 oscilladon becomes continuous.  The
frequency of oscillation is usually deter-
mined by the resonant frequency of a tuned
circuit located in cither the grid circuit,
plate circuit or common to both circuits.
Most oscillators operate class C, draw grid
current on part of cach cycle and obtain their
grid bias from the voliage 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
cither 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 regencrative
oscillator drops off rapidly because the time
of flight of the electrons between grid and
plate becomes a large fraction of onc 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
clements play in a circuit must first be con-
sidered. For case 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 chat 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 voltage 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
that may consequently differ from the reso-
nant frequency by considerable amounts.

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 is applied across the an-
tenna coil an electromagnetic field is set up
around thi< coil. Tt is a foadamental law of
elecuicity that when & 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 by the physical
dimenstons 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 i,
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 pigeail 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 Vacuum 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.

[ r—



THE "RADIO" HANDBOOK

Page 25

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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Grid-Leak Type Detector.

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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FIG. 2. Plate detector.

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. !f, 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
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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.
Aldhough every sct 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 recciver which is o 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 ethciency 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 too 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 reccived. 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 scries
crystal filter is usually undesirable in a phone
recciver because the extreme selectivity of
the crystal filter 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 abead 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 instcad of
tuning the heart of the receiver to the in-
coming signal, it remains fixed on one fre-
quency and the reccived 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 to
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 sclectivity,
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 neighbor-
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 sharp 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 to 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, 112A, 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 wel! 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 C1. 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 cffect can be kept more or less con-
stant over a wide range of frequencics 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.
C1 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-sprcading the 80 and 160-meter bands.
Condenser C3 can be approximately 15 to
20 uufds and is used on the 40 and 20 meter
hands. 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, cither in a transmitter or receiver, be
operated at the rated filament voltage. If
the voltage is 0o 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 cquation are:
E
E=1IR R=— | =—
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 paralle!
and a 3.vole battery is used as a source of



Page 30

THE "RADIO'" HANDBOOK

filament power. The 3 volts must be drop-
ped through a scrics resistor so as to get two
volts, which is the rated operating voltage
for the type 30 series of tubes. [n order to

‘30 on'32
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FIG. 2.

Two 60 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.
B

or .12 ampercs. From the equation R = — the
1

resistance is computed by dividing the desired

30 0n 32 orv '33av0i0

2 t’w’ l
- =-A
.‘II'__OB 4 Yy Nal

FIG. 3. Series connection for dissimilar filament
currents.

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

— X
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).

‘30 o 320, '33au0i0
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MR dea
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, which cquals 8.3 ohms. There-

4 Y, vorr AT
FIG. 4.

Fig. 2 shows a circuit diagram aof two volt
60 milliampere filament tubes with the fila-
ments connected in series.  When conncecting
two tubes in scries 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 § voles
at 60 milliamperes (.06 amperes). Either a
414 volt "C" battery or three 15 volt dry
cells connected in series provide a convenient
means for operating two tubes in scries, The

Two dissimilar tubes in parallel.

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 sce 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 cqual to the
current drawn by the other tube.

Fig. § shows the proper values of the
dropping resistor when the filaments of dis-
similar tubes are connected in parallel across
a 3 or -4V, 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 voleage across the tube socket termi-
nals.

Coil Winding Data For

o o
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
for the coil winding to cover the four popu-
lar amateur bands.  If forms larger than 11,
inches in diamcter are used, obviously fewer
turns will be required.  Conversely, a smaller
form requires a greater number of wrns 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 diakmehr_s. ) wound. B
I8 turns, No. 22 |
40 M | DSC wire, spac- | Ditto.
| edone diameter.| N
| 36 turns, No. 22 | 6 turns, No. 22
80 M | DSC wire, close | DSC, close
wound. wound. )
72 turns, No. 32
' It turns, No. 22
DSC or SCC !
160M | o fose | DSC orSCC,
ol close wound.

Spacing between secondary and tickler coils
to be Yg-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 regencrate, re-
verse the tickler connections or add a turn or
two of wire to the tickler coil, until smoothest
regencration is obtained.

-

COIL FORM

VIEWED FROM
BOTTOM

. SECONDARY
TICKLER

R ading f;om Right to Left, the coil connections
are as follows: Antenna {and grid condenser),

Ground, Plate, B Plus.

FASTENING
—~7 SCREW

- MOUNTING
e

VARIABLE A
AR
CONDENSER.

~ convenient method for "padding” a tuning
coil is to place a small variable condenser in-
cide 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 repre-
sent a new  development in the short-wave
construction ficld. Instead, it is one in which
the designer combined well-known and ac-
cepted  principles to produce a set that s
simple and inexpensive to build.

As will be seen from the schematic dia-
gram the circuit is the old familiar “stand-
by single-circuit regenerative  type, with
tickler feed-back. The placement of the parts
is extremely importane for effective results.
One of the line drawings illustrates the mast
practical layout for maximum efhciency. [t
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,

3 -4 prong Sockets,

1-—140 mmf. Midget Tuning Condenser.
I —-20 ohm Rhcostat.

150,000 ovhm Regencration Control.

I —1 to 5 ratio Shielded Audio Transformer.
1 - Antenna Condenser, 80 mmf. max.

i~ Knight RF Choke.

1000t mf. Knight Mica Condenser.
1—001 mf. Knight Mica Condenser.
=3 megohm Resistor,

1-—200.000 ohm Knight Carbon Resistor.
8- —Clips.

1—Baschaard.

1- Vernrer Dial

2 —Knobs.

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

2--Dry Célls (115 volts each),

215 volt "B batterices,

I Pair Headphones.

T = ===
=ty ==y e i
53000
°'":n r N‘;:;':O = 'g “ oz-ou
Coniac, S0,

Layout of parts and circuit diagrams for the
Knight 2-Tube "DX-ER"

A¥.8-  BrASY

84,30V

For cconomical 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 improved plug-in



Page 32

THE "RADIO" HANDBOOK

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.

1t 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 to 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 staff of "/RADIO”
and described in the February, 1934, issue.
The detector is one of the new 6D6 tubces
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 ProoNEs
v2
cs5 =%
Jes
T R3
CH
cr-t* ‘R‘l
D]
p]
b
GND | R2
5
At A= B- 8t B+
6V. 6V 45V. 135 TO 250V.
FIG. I. Schematic Clrcuit of the Beginner's

"Gainer" Receiver

List of Parts

C1—Midget variable condenser, type MC.20S Ham.
marlund,

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

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

L1, L2-—Four-prong plug-in ¢oil set, type SWK-4,
Hammartund.

RFC—RF choke, type CH-X.

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

C4—.00025 mfd.

C6—.1 mfd.

C7—.5 mid., 200 volts.

C8—.00015 mfd.

CH—200 henry audio choke.

R1—1 to 5 megohms,

R2—Yaxley potentiometer, type VS5OMP, 50,000 ohms.
R3—Yaxley potentiometer, type YSOOMP, 500,000

ohms.

R4—10,000 ohms, 2 watts.

1 5.prong tube socket.

1 6-prong tube socket.

1 vernier dial (large),

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

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

1 baseboard, 10%4% inches long, 9%% 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, aithough 135 volts will give good
results.

Band-spread tuning is provided; the 1-i0-
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 controlied by
the main tuning dial.

The circuit as shown in Figure 1 em-
ploys the conventional means for obmining
regeneration in the plate circuit, controlle
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.




THE ''RADIO"

HANDBOOK

Page 33

EXTERNAL
GROUND

and 76 tubes.

THE CIRCUIT FOR "THE GAINER”
ALTHDUGH the circuit shows the use of a

57 tube 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 voits, when using the 6C6 -

=)

PHONES
OR

SPEAKER

LEGEND

250v. +

C1, C2—.0001 mfd. Hammarlund midget variables (if series band-spread is used). C3—.01 mfd. C4—.5 mfd. C5—.1 mfd.

C5.—.1 mtd. C6, C7. C8—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—100 henry (or larger) iron-core choke.
.

The AC Operated Gainer—An Ideal Amateur Receiver

Of the mauy two-tube recciver circuits devel-
oped for amateur reeeption. the improved “GAIN-
ER" circuit shown above is one of the very best.
Althouyh series band-spread tuning is shown, the
constructor can use parallel band-spread tuning, if
he 8o 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 ix shunted across
coil L1. The band-spread condenser C2 should be

jack should he run through shielded hraid. Plug-in
coils are used for this receiver. L1 is the secondary
coil, L2 is the cathode (regeneration) coil. L1 and
L2 are wound on ordinary 4-prong tube bases, or on
standard plug-in coil forms, 11§ or 1% inches in
diameter. The coils are wound as follows:
1.1—20 Metcrs 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 rexeneration con-
trol R2 is mounted on the front
panel, as is the control for R6
(ain), 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 57 de-
tector tube. The lead from R2
to the screen grid of the 57, and
the lead from R5 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
off the B supply when
the transmitter is in
operation. Connect-
ing leads to the
power supply should
be run thru shielded

braid.

switch cuts |
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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 quarts
crystal as a resonator to a radio recciver.
His receiver, however, was designed for
broadcast use and was named the “Stenode”.
The Stenode receiver did not attain wide
popularity because the sclectivity 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 onec-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 alonce 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 recciver 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.
With 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

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

Fig. 1is the erystal fileer used in the Ham-
marlund Comet-Pro receiver, It incorporates

et i { 0 T
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Comet-Pro Crystal Filter Unit

several good features and improvements. The
mixer stage is fed through the primary of an
ordinary 1F transformer, but in licu of the
conventional tuncd sccondary loosely coupled
to the primary a smaller, untuned winding
closcly 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 transter of encrgy
results when input and output impedances
arec equal. If an ordinary tuncd secondary
works into the cryseal, 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 —,
Iw

where R= resistance, t= thickness of the
crystal, 1= length of crystal and w= width

e
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1T DET.

CRYSTAL

X
ELIMINATION
CONTROL

SEC. 1sTLF

FIG. 1. Crystal Filter Circuit used in the Hammarlund Comet Pro.

of crystal.  Thus it can be seen that the re-
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 cxample 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 151 KC has a wind-
ing of 250 turns. Alchough 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 neccessary 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 effccrively

in parallel with the crystal. Parallel reson-
ance has the opposite effect of the crystal
resonance, i.e., it offers a high impedance to
the resonant frequency and low impedance
:0 all other frequencies, the effect somewhat
aancellative on the incoming signal. By ad-
justing the phasing condenser an undesirable
signal ncar 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
cnough, additional selectivity is a very nec-
cssary 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 fileer, 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 climinated 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

assac ATL
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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 LLF. 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 pardicular circuit is actually the
only one which keeps the sensitivity high in
the “series” position.

The IF stages appear normal, insofar as the
circutt diagram is concerned, but the ordi-
nary types of IF transformers must be changed
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The newest and most efficient
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.
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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
10 increasc 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 s
much as 1, inch, Reducing
the coupling by increasing
the spacing usually in-
creascs the gain, and
sometimes tends to make
the amplifier unstable and

break into oscillation.

Thus it is essential that The complete IF Crystal Filter, BFO, Detector and Audio Unit,
short and direct leads be  mounted on an aluminum chassis only 91/ inches long, 6 inches wide,
used. together with good 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 Crystel.

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 to 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
ficr.

The beat - frequency
oscillator utilizes 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 regencration in the first
detector. The main purpose is to amplify
the signal, as much as practically possible,
before hcterodyning 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 regencration, this single
stage can be made equivalent to the usual
two stage RF pre-sclector. 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, Regencration 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 muldi-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 regencration 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 114 inches long. The
larger one is 1l4-in. outside diameter and
the smaller one 74-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-
ue, and thus a balanced doublet antenna 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 picce
of V4-in. diameter round brass rod, 33-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-Selector, 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 tuning 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 a
piece of 12-gauge aluminum bent in the
shape of an inverted U. The original piece
should be 814-in. long and 7-in. wide. 1l5-in.

on the front edge and 34-in. on the rear edge
are bent down, so the top of the chassis is
8T4-in. by 43,-in.  The antenna coupler
mounts underneath on one side, and the re-
generation control on the other; the entire
unit mounts in a can which comes equipped
with dial. The approximate dimensions of
this can are 9V4-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
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DOUBLET ANY La 58 0n 6C6 TO ANT POST
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Circuit Diagram of single-tube 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.

== ;::fjsizlg’::,brle for Under the chassis. All wiring is plainly visible.

—_— — A twisted-pair of flexible leads is attached to
L1—Same for all bands. 20 tuns, No. the movable coupling coil, as shown.
gia. tush%\gc,hu LA G S Below: Chassis layout.

L2—S8ame for all bands. 8 tums, No. 28 o
DSC, close wound on %4-in. dia. 84y - = "‘I

gbina. I

ti d : — -

ria:‘l‘t:m between L1 and L2 va T BE
L2 slides into, and eut of L1 4

RF COIL FOR 160 METERS
10 turms, No. 22 DSC, close
wound on 1%4-in. dia. low-loss

coil form.
L4—60 tums, No. 22 DSC, close wound,

8 PRONG 1S0LANTITE
COw 30CmET
s

DlaL &

and tapped 1%4 turns up from TR TuniNG -

oround end. L4 is wound on same . 7 CITEIL

coil form as L3, and is spaced 14,
___in. from L3. S, st s

RF COIL FOR 80 METERS ., I MEGE e ARTION _l-'
L3-—7 tums, No. 22 DSC, close wound, "

on 1%.-in. dia. form. | ¢ —l

L4—d.35 l:;ms, ?;;22 nstc, close : - .

wound, and tap, 1% tun up o

from ground end. L_ .-,:__' t L_.s/. ._.l

Spacing between L3 and L4 to be ANTENNA COUPLER=

Y-in. ONE CORL SLIDING INTO ANOTWER =~ Ok ROD

RF COIL FOR 40 AND 20 METERS NOTE—The ground end of the L4 is the bottom of the soil. The

ti_{;‘:.“,:.{‘mf’*;gs,fs-c"';‘;,;“,,'ﬁ;,,ﬂ,},’f;':';,,:,’i‘;,- for®.ap and of L4 connects to the grid of the 58 or 6C6 tube in the
of 114-in., and tapped 34 twn from ground end. Pre-Selector.
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Noise-Free Two-Tube Autodyne

@ The caircuit 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. Regencration is
controlled by varying the screen-grid voltage
with a potentiometer, which gets its valtage
from across the voltage divider incorporated
in the set, There is a RF filter in the plate
lead from the detector, as a precaution agains:
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, 7%-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 fasicned
by tapping holes in the Y4-in. dural corner
posts. A top is also closely fitted 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 ali coils required many more turns than
is common practice. This high L-C ratio
makes for seasitivity, 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 noisc 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 picces 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 pieres, 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
located (three .01 condensers, one of them non-inductive, and an
R.F. choke). The other shield box houses the headphone-circuit
by-pass densers.  These d s 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 ¢:agram.
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 a 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 obtained from the tuned an-
tenna circutt. 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 a 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 the copper box, and the
common wire soldered to the box. 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—45 turns No. 30 enameled, close
wound, tapped 14 turns up.

7 MC—23 turns No. 18 enameled, spaced
diameter of wire, tapped 73 turns up.

14 MC — Il turns No. I8 enameled,
spaced 1l/; diameters, tapped 2}
turns up.

{Above coils wound on Il/5-inch five-
prong coil forms).

28 MC—9 turns No, 14 enameled wound
Y-in. diameter on air, tapped 1
turns up. Turns spaced about
diamcter.

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 shiclded 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.



T TSNS

THE ""RADIO" HANDBOOK Page 43

The Noise-Free Autodyne and the variable tuned antenna
coupler with Faraday screen. The small copper shield box
houses the coupling coil L2 (see circuit befow). The an-
tenna coil (L1) is moved back and forth on a pair of
bakelite slider rods.
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LEGEND FOR THE NOISE-FREE AUTODYNE

L1, L2, L3, L4—Described in Text. Cl—100mmf, midget variable, C2——20mmf. National SEU-20. C3—
100mmf, Sangamo, with grid clip. C4, C5, €10, C11—250 mmf. mica Aerovox postage stamp type. C6, C12, C13—
-01mfd. mica condensers. C7—1timfd. 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 chm Centralab variable resistor. R3—4000 ohm 10 watt. R4— -15,000 ohm 10 watt. R5-—1
megohm 1 watt. R6—3000 ohm 1 watt. RFC—good short-wave choke (Hammarlund or National 100). CH—OIld
A.F. Transformer or high inductance choke.
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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
frequency recaiver is here

shown. A receiver of this L'

type is infinitely more desir-
able for amateur communi-
cation because the tuned
R.F. stage rejects the un-
wanted interference from
broadcast stations which op-
erate in the low frequency
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.
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Circuit diagram for 3-tube recciver designed by E. M. Sargent.
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COILWINDING 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

Primary

4.PRONG FORMS

&

Spacing between
coils

15-32 METERS

26-53 METERS

2¥, turns, close |

Spacing Vg-inch

wound, No. 32 | between "A"
DSC. and "C".
4Y, turns, close Spacing Yg-inch
wound, No. 32 between "A"
DscC. and "C".

7Y turns, close

"Spacing Vg-inch

econdary
41/, turns, No. 24 DSC,
space wound, Yg-inch

between turns.

9 turns, No. 24 DSC,
space wound, {g-inch

| between turns.

18Y/4 turns, close wound,

49.106 METERS wound, No. 32 between "A" | No. 24 DSC.
R _bsc. ~ amdvCn :
103, turns, close Spacing tu-inch | 41Y4 turns, close wound,
100-208 METERS wound, No. 32 between "A" | No. 28 DSC.
DSC. and "C".
DETECTOR COILS IIAN .:B.' " " [ .‘D'. neEnr
_5-Pll9NG FORMS {Primary) ff::;"i:g {Secondary) Iff::;ngc 205' (Tickler)
(See "“D")
Too 125 ! 23 turns, No.
t P 73 .
— S N el of U 32 O5C e
15-32 METERS close wound,, Vg-inch |wound, '/a-in-(w:w dm :I-.;h "C", and 2
No. 32 DSC. spacing bo'ibo:r;om "2 turns wound
tween  turns. wenseparately.
turns of "“C Total 3%
B - ) o | turns on "E".
9Y/4 turns, No -
53 turns, 24 DSC space 4% turns,
26-53 METERS close wound,| lg-inch wound, ts-in. Ta-inch close wound,
No. 32 DSC. spacing be- No. 32 DSC.
_ - ) tween turns.
133, turns, 18Y4 turns, 32%; turns,
49-106 METERS close wound,! Vg-inch | close wound. Yg-inch | close wound,
No. 32 DSC.| No. 24 DSC. | No. 32 DSC.
353, turns, | 41, turns, | 5% turns,
100-208 METERS close wound, %-inch close wound,| Yg-inch | close wound,
| No. 32 DSC.| No. 28 DSC.| | No. 32 DSC.
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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 nexe 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 regencration. The antenna
coupling is the same as that shown for the
Pre-selcctor on page 38. Link coupling is
used berween 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 clectrostatic
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 coil because this
gives a more uniform regencration 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 mecthod ot
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 steadvy 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 doublc-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 condenscers 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 acaally enough volume to drive a mag-
netic speaker 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 dhus
tube, with the tone control across the phones.
This connection allows the telephone jack 1o
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 degencration and loss of
signal—so the output is the same as if a
cathod2 resistor and large by-pass condenser
were used and the headset placed in the usuai
plate circuit.

A separate power pack is used. B bat
teries. and a 6-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 sglectivity 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 gencrally 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 mose smal} air-
core IF transformers, Some makes can be
adjusted by warming the supporting tube
with a soldering iron tp untl the wax
softens, then sliding the coils apart.  The
iron core transformers have a pair of coils
mounted at right angles to cach 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



Page 4¢

THE "“"RADIO'" HANDBOOK

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 sct
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 14 inches as
against 1l inches for
the detector coil, the os-
cillatnr 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

Y
=,

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 effects 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 o'f coils covers both the 20 and 40 meter bands. A separate
set of co.lls is used for 80 meters. The illustrations show the front view
and ‘fhe interior arrangement of parts. The receiver is A.C. operated
but it can also be used with batteries if 6.3 volt tubes are used. '

antenna coil underneath the chassis.  This
eliminates binding posts and unwanted pick-
up and presents no complications since the
shiclded 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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A Ve e N, 1L socket above the chassis. Four turns of this
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Arrangement of control knobs on lower portion
of front panel.

turns of No. 24 DSC on a 134 inch diamcter
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

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 twbe 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
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©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, close 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
variable by sliding L2 into anc out of L1.

L3—4 turns, No. 24 DSC wire, wound on 1%-in. dia.
tubing, separated Y4 in. from L4.

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

L4—11 turns, No. 18 DCC wire, space-wound on 1)/2-in.
dia. tubing, to cover a winding space of 1'4 in. long, and
tapped at one and one-third turns from bottom.

L5—11 turns, No. 18 DCC wire, space wound on 1!/5-in.
dia. tubing, to cover a winding space of 114 inches, and tapped
at 2'/, tumns from bottom.

€1.C3—100uufd. midget variable condenser,

C2—9 plate double-spaced midget condenser to give approx.
25uufd.

C4—7 plate double-spaced midget condenser to gize approx.
20 wufd.

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

Condensers C2 and C4 are standard Cardwell 100uufd.
“Trim-Air'" midgets, with alternate plates removed so as to
doubte-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 1V/-in. dia. form, with cathode tap taken at ene
turn from bottom.

L5—26 turns, No. 24 DSC wire, wound to cover a space of
134 in. on a 1V/2-in. dia. form, with cathode tap taken at 414
turns from bottom.

NOTE—The cathode tap on the oscitlator 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 give equal satisfaction if the types 6C6, 6D6
and 76 are used for 6.3 volt operation.
160 METER BAND—This receiver will not 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 Band-Setting Coverage on
Condenser - Conden‘ser Main Tuning Dial
20 Meters ‘ 8° 10° 12° to I5°
_ 4OMeters | 80° 95° | 50°to60°
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 mcters measures 60 DB
units down in level from the desired signal,
using a signal gencrator for these measure-
ments. 60 DB means an image re-
jectivity of 1000-to-1, which is ex-
tremely good for sets using a good

I~

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 a modulated oscillator is available for
lining up the IF amplifier.

10" ]

stage of RF. The image measures
50 DB down on 20 meters, which
is more than most superheterodync
receivers can even approach at that
wavelength. The recciver 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, o
reach down into the atmospheric
noise level in any locality.

The recciver is built into a metal
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cabinet measuring 814 inches decp.
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 81, 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, 434
inches high with a 14-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 pares
and sct 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, regencration, andio vol-
ume, tone control and BFO switch
combination, and antcuna coupling.
The upper row: oscillator band sct-
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

vice.

03C- BAND-3ETTING

BAND 3PREAD 13T DETBAND 3ETTING

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-

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-

A

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

The RF chokes can be wound on old
burned-out Amperites, such as were used
with the 201A tubes to drop their filament
voltage from 6 down to S volts. There is just
a little 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 conventent method of changing these
RF coils for each amatcur band. Another
possibility would be the use of burned-out
cartridge type fuses, preferably those having
glass instead of fibre cylinder walls.

-k
A

Circuit diagram of the 222 Receiver with RF stage.

B+180-2%0

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

Ll L2

Coil Winding Table for Frank C. Jones' 222 Communications Receiver
Wifh R.F. Stage

| (RF. Grid Coul) {Plate Winding}

L3 L4
{Detector Coil) {Oscillator Coil}

For 20 Turns No.18 DCC| 3 Turns No. 36 DSC| 414 Turns No.22 DSC Wire, 4 Tums No. 22 DSC wire,
Wire. Winding space | Wire, interwound with | space wound to cover a wind- | space wound to cover a wind-
10 { 1 inch fong on a 75 | L3. ' ing space 1 inch long on a | ing space 1 inch long en a
inch dia. tube, I/ inch dia. coil form. % inch dia. coil form.
M h dia, tub 1! h di il f 1V h di i fi
eters | , Tanped at /5 tun, Tapped at 114 turns,
For 35 Tums No.22 DSC | 7 Turns No. 36 DSC | 10 Tums No. 22 DSC Wire, | 834 Turns No. 22 DSC wire,
Wire. Winding space w're, interwound with ~space wound to cover a wind- | space wound over a winding
20 1 iinch long on a g ing space 1 inch long on a| space 1 inch fong on a 17>
inch dia. tube. 1!, inch dia. coil form. | inch dia. coil form. Tapped
Meters | | Tapped at Vp twn. ... .| at 214 tuns,
For | €0 Tuns No. 26 7 Tums No. 36 DSC| 10 Turns No, 22 DSC Wire, 834 Turns No. 22 DSC Wire.
Enameled Wire. Wind- | Wire, interwound with | space wound to cover a wind- | space wound to cover a wind-
40 ing spac% 1 inch :;mu innlx‘nlcg o:‘ 2d§nches :oc;o on| inlu/ space 1 inch long flm a
on a inch dia a 1% inch dia. coil form.| 1% inch dia. coil form.
Meters tube. | Tapped at 'z turn. | Tapped at 214 turns,
For |"160 Turns No. 36’ “16 Turns No. 36 DSC| 30 Tuns No. 22 DSC Wire| 2634 Turns No. 22 DSC
l DSC Wire. Scramble | Wire, interwound with ove:; a vlundino sna(inl/of 1‘)% wire over a winding space of
wound on a fy inch inches fong on a 1'% inch | 134 inches long on a 1%
dia. tube, 1 in. long. | dia, coil form. Tapped at 34 | inch dia. coil form. Tapped
Meters | , tun, [ at 414 tums.
For |"300 Turns No. 36 | 30 Twns No. 36 DSC' 60 Turns No. 28 DSC Wire 53 Turns, No. 28 DSC wire
DSC Wire. Scramble Wire, interwound with over a winding space of 134 | over a winding space of 1!/>
160 wound on 2 fy inch| L3. inches long on a 115 inch | inches long on a 114 inch
Meters dia. tube, 1 in. fong. g-"IA (c:rlllls form. Tapped at ;iia. coil form. Tapped at 7
3 urns,
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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 a 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 mecters is wide enough to
cover the amateur bands without retuning
for each station rcceived. 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 sclectivity curves.

The RF stage increases the signal to noise
ratio, as shown by nests on the d0-meter
band by means of an all-wave signal gen-
erator, The image rejection of this set is ex-
tremely high when considerable  regencra-
tion is used in the first detector. When using
as much regencration as possible the image
rejection was 68 DB using a non-resonated
input circuit, and ncarly 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 bnn'cry‘
operated, it requires practically no warming:
up period. A frequency meter 1S handy for
calibrating a recciver or clyccklng the frc-
quency of a transmitter. If it has a monitor
circuit it can be used to check the tone.nnd
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 envelopc,_oﬂ‘er\
many uses. One unit is used as an oscnllatqr
and the other unit as a stage of audio nn1p!|»
fication. The Type 19 tube is a stable oscil-
lator and its frequency can be maintained very
constant when using batterics, if a good
mechanical job of construction is done. The
amplification constant and mutual c'ond_ucr
tance of each unit of the Type 19 tube is high:
the filament is of heavy oxide construction.
Tt 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 sccret 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 cnables
the operator
small fraction.

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

to read scale divisions to a

The instrument in its air-tight aluminum case.

6 inches deep. 4-in. flat aluminum sheets
¢re used, and %-in. square rod is used for
the corner pieces. LEach aluminum sheet is
fustened to the square rod along each edge
with 3 or 4 machine screws. This construc-
tion provides a box of excellent shiclding
and mechanical strength. A little extra work
in 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 cclls 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
pancl 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 sct of contacts, closing the filament
circuit when the telephone plug is inserted
into the jack.  This climinates the possi-
Lility of forgetting to wrn off a filament
switch when the unit is not in usc.

The second triode unit of the Type 19
tube is used as an audio amplifier moorder
to provide a good audible beat note signal
when the meter is used for momtoring a CW

transmitter,  Because  the two  plaes  are
o ]
s
| ¢ k3 ._'
$G,00C —
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Circuit diagram of frequency meter-monitor

capacitively coupled inside of the tube, it is
necessary 1o provide an RF by-pass of 001
or 002 mfd. from plate w filument, and a
good 21e 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 cnough for the audio
coupling condenser.

A tip jack, insulated from the front panel.
is provided in order to allow pick-up of an
external signal. A wire from a few inches o
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 - 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 onc-inch long of No. 22 DSC on 2
one-inch diamcter 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 2
Laver of tape or paper between.  About 12 to
1S turns of No. 30 DSC will give the desired
result.

H 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 diamezter 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 ity maximum capacity,
and once the band is located over the dial
range. this condenser should be set with the
lock nat.

The meter should be calibrated from stand-
ard frequency  transmissions which can be
picked-up by means of any good short wave
recetver. 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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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 aie 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 sclectivity 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 cither
side of exact resonance the impedance is
great cnough 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 etficiency.
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
tickler 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 4-2214 volts, the screen
from 475 to +100, 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 Cl. 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 Cl are grounded, thus it can
readily be mounted on a2 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



Above: A compact unit in-
corporating crystal filter,
I.F. Amplifier, B.F.O., De-
tector, Audio and Loud
Speaker.

Right: Circuit diagram of
the new BFO as developed
by RCA and applied to the
"'222" Receiver by Jones.
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Li—Hammarlund 2.1 mh.
choke center-tapped.
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Complete Circuit of the Crystal Filter 222" Receiver. Coil winding data same as for previous medels.

coils for 20 mcters in order to obtain more
band spread. Five turns, one-inch long on
the 114 diameter plug-in coils, proved satis
factory for this band. All of the other coil
data is given in the coil table for the 72227
Recciver with RF (pages -19. 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 mcans of a 7-70
mmfd. trimmer condenser. The ncutralizing
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 ncutrahz.
ing condenser is mounted on the front pancl
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 ac the
desired frequency with its shunt condenser.
plus the front panel trimmer condenser ca
pacitv.

In lining-up a superheterodynce with a crys-
tal filter it is essential to know the exact fre-
quency of the crystal. The frequency can be
most casily found by connecting up the crys-
tal in an oscillator circuit, such as a tvpe 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. Once 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 goud single-signal eflect can usually
he  traced  to extrancous  capacity  coup-
ling. lack of proper setting of neutralizing
or BFO condensers, or insufficient circuit iso-
lation, In the recciver shown it was found
nccessary to shicld 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 better ratio
could probably he obtained by better cathode,
«reen and plate return lead isolation resis-
tors and condensers.

2

RF IF
s 3 a 5 'S ‘
_!!{;D: Ej—l'l‘*" 3

A

voLrace 230,000

L

AVMPLIFIEO AV C FOR 222 RECEIVER OR ANY OTHER SHORT WAVE

AVC FOR THE "222"
The circuit here shown
is fairly simple to put
into operation in any
short-wave superhetero-
dyne receiver. It re-
quires an extra tube but
does not affect the se-
lectivity or sensitivity of
the receiver on either
phone or CW. The in-
put is of nearly infinite

s 180
2B7cs 6B7

e 4 4 8

E 1" impedance and thus it
T does not load the tuned

) circuit, such as the usual
SUPERME T

diode detector does.
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Tube Symbols and Bottom Views of Socket Connections
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DIMENSIONS RATING USE Ay T AL ‘“g’:“ vOLT. ‘-'%‘: Lo
socke MARIHLM (73 Daren GRID |SCREEN SCREEN PLATE| PLATE out- 3 STATED| QUT
TvE NAME BASE CONNEC. | OVERALL THODE ) MAte | seagon [Viven o cge ghe SUP. o MILLI- MILLL-| BESIS- | AmeLt- | - | Tvee
TiONS oo —] TPEe st ccmbert | Py | VOLTSM, VOLTS i TANCE POWER | PUT
B characteriatic for AMP, | AMP. | TANCE - ICATION.
x L | WAL ated typcal vve | VOLTS i MICRO- VACYON OUYPUY WATTS
OIAMETER vouns | auPEREs | YOUYS | VRT3 OHMS MHOS " oHMS
I
1 T | A\-i»Gv!(‘ ’IlS-.l\'h?.\n‘
1 COMVERTIR ® saseew | o | o3 x 1% | pdion | 20 | oce [ 1m0 lars COMERTLR wo =30 | 65 | 24 I 1.3 | swweo 207 Grdt s 1 Reusie, S oty | 1AG
i g A S Ve
= B . 0 = | (- T [A 4 6rd (v V5 mes v ':.um"'
ITAGR! . .
(%3 Aty SMALL PN ne. s O x| o Dnr | 2.0 | 002 | 1%0 [ers SAERTER 1o | 7 -:S-" [$X3 To fs | e | 2w Gr 20 1)Rewnar, S .| 1C6
. € resimen -
3o | [CIAS A avranER | e = fune | _em | s | 42
283 | POWIRANTEITER Jmeowmasm | me 1 | 537 x 25" | moment | 25 | 28 = FLHFUC Seif buss 40.0 [Fewer Outyut s for 2 tebs . o1 |
- - _ 8 w 4 AMPLUTER™ Fiird bas 0,0 | sreet Ut gt vo plue
M5 | POWER AR [ meowmenin | mcoisa | a3t w10 | woamen | 25 | onis 320 [etanax nlnu 30 | s {30 1o
BOPt E X-THODE - - . 1 . e T A | T . e 1 1l
M6 | picwmu Thioog | S¥MLERPN | ne.s | o4)iT x 187 | wearee | (X I eVt I | - | Gunperet
Avxie Grl (e
nraGmD e
247 COMLRIER O sac v | G | 6T x 1%t | woren |25 | o | 250 | 100 COMLITIR 20 | =30 | 00 9. 1 e Gred(
ma. | Convrrs,on cond i« tarce, $:0 muczomha
Mmoo vt as | 100 | - Lo | 100 950 ' 285
287 O SMALL 2PN | G2 weaten | 2.5 f on | aso | gz L MEAWAMNR ] 20 { - 30 8 225 " i = 1 |
PUNTODE LNIT A 5 1 5 — e——
— | AT AMPLITIER 25| = 1.5 0 | - —
OAL POWER AMPLIF . . - 6. v 0 10 »
aleo 1A venvope " | meowm spin | mie. s 411 xall riament | 6.3 | 0.3 190 | 180 |oras & averiier }:‘: ¥ ""2 ::r: ’l g ls o ?:'I, 1‘557‘
= —" H— Cer T ) Wmar. v =i
P Al v T
OA7 | coinreno | wmwrew | mem | 457 2050 | wane [ 6] 0 CONVERTER *1 100 5O G50 Dy Revaor s0u3 ehs| A7
R o el ACunesoon et e, S merentenl
| i any 1
687 DUPERDIOE | smaLzem [ man | 513° x 147 | woaten | 63| 03 i dx ——| &7
TRIM EGRID r < I 1
acs DETECTOR SMALL L-PIN fneG. 1 T xre HLATER .3 0.3 —
&
AMPLIFIER = $o
TRIMLEGRID 1
6D8 SUPERCONTROL SMALL &-PIN ren 107 x HIATER 631 0. e
H &
AMPLIFIER . ‘
©Gnds 23 ard 5 arc screen. Grid 84 13 3. 17 Gl contrel-gd. 7 theough i eva; ng fen f 20 shere, **Fur ge.d of feliua.ng tube
2 Apgawd thmgh [latc ehmphonn 1camir #f 2l ohmn.
T
| @ [
o7 o sea e | mez | 4l xa% | woaten | 63| 03 | 20| 10 6F7
B rm.
DETECTOR [ 0,13 f o 3 e al
'00-A TRIGOE MEDIUM 4-PIN ne. 1 ILAMENT s.0! 0.2 ] 4 | _‘,_ -H 00-A
ol-A °,‘,:§f,',?f: MIDIUM &PIN | 116, 1 e | so] oas | ns | — | anaunes [“ora
(1] '°""‘ DANIAREA | peepiume 4piN | 11, 3 avent | 7.5 | 1aas | o4 - | s A avuner 10
n “""‘"" G, 12 o R . 1
r Amoor 7.1 nuwent | 11| ours | oaas | — | aws a avrunis i
TWIN-TRIODE o-C - - Powee cutjut value is o an- tube 1099 21
19 AMPLIFIER ne s ouament | 2.0 026 | 135 | -— § CLASS B AMILIFILR 3t 3tated o, piate to 10w 1.9 9
20 | POVENSoe ' | swau e | nat menr | 3] oam| 1 | — ] s aavrunier ::7 | = S o d 5.2
22 AT e | meowm arm | G4 maeny | 33 032|138 [ ers T Wl — | — =
4090
AT AMPLITIER 1 13 . 2 __FP AN IR | 2 6]0 — 1
2%4-A TLTRODC e eemil viae )| siig x 1100 R recaToA | 2:SHERGES | R | | KOS s - e T Plutc current 1o be adyasted 10 0.1 millbampere 24-A
with o vignal.
Mrmoor MEDIUM 4-PIN [ ] 411" x 1] | ramewy 3.8 1.05 | ss0 = | ctass 4 avruricr I?:; Y
N il ~ 1000 [ 9.0
UWNEen | weowu sem| nos Y woten |2 nas | oms (A8 A =20 27
4, x . . —_—
H .
TRIOOT R RS0E T & current lo}::‘hadijzx‘:d 10 0.2 mi'hampere
DETECTORN 2.5, TIwd n:‘
30 AMPUITICR SMALL &-PIN na 1 41° 135" oc 2.0 0.06 | 180 | —— | CLASS A AMPLIFIER! 3.0 103 —_—] —
TRIOOE ] x s FILAMENT 3a 10300 900
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DIMENSIONS RATING ae | MUTUAL o o | Lok
UseE PLATE CON. FOR |POWER
SOCKET |  MAXIMUM CAEERIPLATE| PLATE| (0 | AGE oo venl our.
we MAME BASE CONNEC. | OVERALL | CATHODE wiarts mare | seoen | Yoo g gve| SUP- | GMID [SCREENI L iy s | pegis. AMPLL- | Tvee
TYVPEs Sorcaing contibuse | PLY | YOLTSE| VOLTS TANCE POWER | PUT
A
TIONS LENGTH ond charaetoriotion bur AMP, | AMP, | TANCE ICATION!
" . L | e s ves | VOLTS ot | MICRO- ¢ lorop DUTPUT WATTS
DHAMITEN YT | MRl | wOLTL | YOUTL MHOS OHMS
POWLR AMPLINCRA . o 2 135 | &0 3100 935 | 3.8 7000 | 0.185 |
3 TAIODE AL &-PiN ne.y A7 1% | puament| 2.0 0.3 | 180 | — | CLASS A MPURIER] o = pi YR 2500 1050 s s700 T4 38 3
G | 1S l I R 6 | uio o
K7 AMPLIFIER 3.0 - 'y AV 180 o L4% | 1.7 |2 650 0 |
» [yl Meowm epm | NG | sty x 3T | e | 20| 008 | 180 | ens S = Piate current to be adjusied to 0.7 millampere =
18OW] appe ) — withnowgnal
33 oL wmeonmsein] rice |0 x 0127 fwr]| 20 o.26 | 180 | 1eo | cassaaveurier] 180 1 5.0 | 22.0 | s5000] 1700 90 | 6000 | 1.4 3
(N — 1L n= ==
g’ . . o SCRIENCRID | 135 675 | 1.0 €30000 6o | 30 | |
R Re awriren | mrowm ern| o sia e |5 x 1127 | pwamenr [ 2.0 0.06 | 180 | 67.5 | kFawnicR | 1eo 61.5 | 1.0 | 2a | 1000000 o0 | e ' bad
CONTROL —_ = —
. . SCRESNGRID | 180 wo | 2.5t | e | so0000| 1020 | 305
3% - aurunen | scowm sem | mos |54 s 1) waten | o2s| s | o2is| oo | RESmGR | 250 wl 350 63| too00s] 1056 | a0 | — | — | 3
o0t e 3 Bl e EEN B (3l an
sceesncan | g an 30 | swo0a| o0 | s2s | — | —
8 Reamentn | s sen | niG s R B Y R oo 1o _» 3.2 | swoson] 1080 | _$9S 3%
(R (S jate current to be adjusted to 0.1 milliampere
sisperector | » wath no nignal |
| = 25| nsoo| 800 [ ez |
DETECTOR, 10 — | — | 43| 0| eo| o2 | — | —
” AEAER sas soin [ ric e i | weatea | 63| 03 | e |2 L | el weo ] e | | 3
TRIODE w | 2 Platc current to B ad:ated £5 0.2 millampere
e R v | i with o signal
= ) Toe [ 130000 | ] 120 15660 | 0.27
38 | POWERAMBMINEA| cmmnsen | n6 oA | 4117 x HEATLR 63| o3 2o m | cussa mmnu! 180 « 18 | 2.0 |0 115000 1030 120 Heoo | 1,00 18
PENTODE " | | | |
- | i i | e | s Y vo | tewool vwo | 120 | tonoo | 250
SUPER-CONTPOL N RELS (1D o e it.| Fsouo Aol =3
39-44 R _AMPLIFILA SMALL 5-PIN nG. s £ 3¢5 VN HEATEA 63| 0.3 250 l 9 " w b 5.8 330000 1é 750 —_— — 39-34
PLNTONC * I L oe 2 0] B oo | 16 | 5.5 |aaenow] 100 | ses0
% For Griddeak Detection—plate volts 45, grid retumn to + flumert of o cathode ® Aritd thecesh §008 trapling fest o of SS0000 uhms ot SuD henry Chuke shanted by 0 25 mogohm resator
®Either A. C, or D. C. may be used on filament or heater. except as specifically noted. For use WAppicd thiounh plate couphing resntor of J000R chrs,
of D.C. on A-C filament types, decrease stated grid volts by ! (approx.) of flament voltage. “Maxnum
VOLTAGL
e - 0-C 135w - 1§ »
40 AMPLITIER MEowM epw | £ a0 B | s.0] o0rs | 1m0 | — |aussanweuner| ot T oo | — » e
= T | = 7.6 | 100
al POWLR AMPLIFILR | cpupy gy | FiG. 134 HEATER 6.3l 0. 250 | 250 |cuassaaveunen | 189 | -13s | 1m0
FLNIOOL 250 | =120 | 20 4l
T4z | POWLR AMPFIR T opim eom | 116 1 Twearta | €3 0.7 | 250 | 250 [ctasa awunea | 256 | <165 | 25 2
a3 | PoweR ampLiFiER SITe 5 . = PG W =190 w BB e TsH
43 tewrope T [MEowm e | ric. v waaten | aso e | | oaas Jewsaaveumes [ S0 [ 2R TE a3
W | -5 | 1M
45 | POWLRAMPLIIIEA | meDium apinv | 116 1 GI7wal7 | mament |25 s | oars | — faussameunen) 350 | -0 | 250 35
S . . - 273
m— — 250 | — JcianaavnFiERS] 350 | 318 | —
DUAL-GRID s . » e
46 | porD SR a [Meowmsen [ omer 51T a2\ | rwament | 25| 1 wo | — |crsssavruncre| 3% H —li= ®
T4y | PR Tweowra e | rigs [57 w2/ 7] poseewt | 25| s | 2s0 | zso Jcsawwmier]| 2o | <1ss | 20 | 60 47
ag | rowtrammih fypomern | man |50 x 20| wlven | 30.0) 0.0 | a2 | 100 [cassamwunen| 51 0 S 48
135 e  JCLASS A ASTLIVINT 135 -2, 0 — —
DYAL-GRID e . o
49 | pon e [Meommsew | a2 | Bl | 20| 02 [T | s avruriene] 1m0 % — 1l — a9
0 | -se0 5.0
50 | POWLTAMRMVIER | meowm pn | £iG. Y 61 x2f}” | nument | 75| 1.2s | 40 [ — |cass A aveunen m -zfi-: — | — st.g 50
-, 5.
I 00€  fweowm rome| sic.20 | aft s 137 | wearem | 25| 20 | 300 | — |easss awunen]| 33 H — | — | P 5
— 1 10. 37
PLEX-010DE e . TRIODE LNIT AS
DUPER Ou SMALL 621N ne. 1 R I HEATER sl 1o 250 | — (u:‘f*,uﬂu 1) | —|— :.: 7
SUPER.TRIOOE . . CLASS A AVPLIRER T — | — |50
man"&a. SMALL S-PIN ne ‘ x 10 HEATER 25| 1.0 350 | — | s peTEcTOR Tlite curtent to be sdiuited (0 0.4 mulliampere 56
e e ! wizh no wignal
SCREEN CAID e ‘I_m
57 Kravarrd sMaL oo | G Beaane | waten | 2s| v [ ase | seo |REREUER 0o | o5 |20 PNRET ras [5]
. 5 d
AMPLIFIER t o e B1AS DETECTOR so |CHbodr curment | [ Plite coupling rester 350000 cbem. 57
0.65 ma. Gd couzling revistor 250000 obme®
For Grid-leak Detection—plate volts 45, grid rcturn to <+ filament o1 o cothode. oApplicd threugh plate coupling resistor of 250000 ohme or $00-henry choke

shunted by 0.25 mcgohm resistor.
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+ L]
DIMENSIONS AALING ue ot l g "3;3“1 V- ron, lmouee
SOcKer, ' TS o CATHODE | "ur~ 1o rent SUP- | GRID [SCREEN'ChCChPLATE 'L"[ ouc- | STATED| OUT-
TYPE NAME BASE CONNEC- OVERALL carea PAIE | searn |Yahee o 0 MILLI- [MILLL. | RESIS- LI- | TYPE
TIoNS tnaTh Tres Tty | PLY |[VOLTSm VOLTS | e U | rance| TANCE {FicaTion; POWER | PUT
artoie 5 5 . i
X B s v | VOLTS ‘ ows | MIZRO- e L I0UTPUT | WaTTS
DlameTIR VOLTL | AMPERES | VOUIS | worTY | | MHoS | | oHms |
u
mm cHin L T
’ d 250 100 | 2.0 [ 8.2 |soo000 l 1600 | 1280 | —— l —
s8 soreniconThoL | smLeen | meo 1t AT HEATER 25| 1o 20 ’ w00 B ‘:\‘;:':lm | i 58
T AMpunLA SPERMLTEROOYNE | 250 w0 | —— [ — Oscillator peak voits = 7.0.
250 | — | huminen | 250 — | — 1.0 200 | 260 | 6.0 so00 | 1.3
a [y o d
59 'o;l’:l:l‘l;f'::?'“ aeotum 1-Pine | FiG. 18 8] = Mk HEATEA 5] 2o 250 | 250 |erass a avpLiiiR 250 9.0 |3s.0 40000 2500 I 100 6000 3.00 0
AS TRIL OF » Power output values are lor 1 tubes 4600 | 15.0
400 | — |ouass B AMPLIFIER — st inducated plateto plate load 6000
71-A | Powts ‘;,’;""" MEOIUM +PIN | FiG 1 FUAMCNt | .0 [ 0.3 | w0 | — [olas aasruniR —_ — ;:'g f;;g :;x :': ‘m"“" 0151 ya
—— — — — — - — = P B -
KEd NDUM M(\ll ?:38:‘;( SMALL CPIN I FICal) ] weane | e : 0.3 } 30 | — [ OO ire | 250m — | 04 [—— | —— | Ganper stage = 3060 7%
sortatnioot | n 'y 1 [ ] CLass A ANPLIHIER | 10 — 135 T o [ [ D [ — T —
% Mwumn SMALL 5-PIN ne s HEATCR 63 0.3 350 | — Plate current to be adjusted to 0.1 mlliampere n
DETECTOR o - BIAS DETECT R 25 — with no signal.
o o CRTEN P 109 0.4 1.7 [ 650000 1100 s ]
TaipLE.GAI0 Ri APLFER | 250 0.5 | 2.3 hsoooon | 1250 | 1500 l
7 DLTLCTOR SMALL &PIN G 11 MEATER 6.3 0.l 250 100 B ——— = TCathodr current Plate couphing resistor 250000 ob ”
— | { CIAS DLTECTAR | 250 0.65 me Grd e pln( resist ¢ 250000 ohma®*
3 3 | s.4 | is000 | 1218
TAIRLEGRID e 9 ] f RIS oA [ 180 o | 4o |ioooocs | 1100 | 1tce »
78 SUPLR.CORTROL SMALL &-PIN 16, ¥ ST a Ny HEATER 63! 03 ! 0 128 K1 TILR 250 7 7. g 80000 1450 | 1160
250 6 J10.s {60003 | 1650 | 9s0
——— 1 " L1 -
” iR SMALL €PN [ FiG. 18 warea | 63| 0.6 | 3o | — | LS B avRITIR = = ""23.".‘115“&3‘;‘.;;’.".{, t::(:ahs »
- . 1 e T 135 3.7 [ 11000 %0 [ 8.3
85 DUrADIo0L sMaL ¢2in | Fi0. 13 1 x 10| wearem 63 83 | 230 | — 180 — :.g :soo l':z: : 85
o X 500
| 7.0 3300 1425 .7
Ll e e | 180 ) — |20.0 :ooo lsgg a7
250 | 32.0 500 | 1a X
TRIPLL-CRIOD 100 .6 9.5 103000 1200 12
83 | powtm AMPLIFIER | SMALL &-PIN | FIG. 14 HEATER 63| o4 | 250 | 250 i | g ’ ‘o 200 | #9000 1550 | 12 8
| 250 .S_{32.0 | 7ose0
AS TRIOUL @ T | Pawer output values
CLASS B AMPURIER | 180 omar at indicated pla
] —— AR > -
CLTLCTORe FIG. 10 3N x 1k D-C . ¥-'99
X.99 AR bk el e ot | rmen | 33 oom | 0 | — fansamrune| e — | 2s | 1sso0 as X998
— 1 ottectons " A N 1 e 5
112-A AMPLIFLR meowmarin |opct a0 x b | oy | S0 | 0.2 [0 | — o miunn 5 o i A N 124
#For Grid iedk Deter wn— plate voits 45, grsd retum to + fitament of to cathode “*Qed s 1 s control prid.  Grid 2 reen Grid o3 tied to cathode.
wEither A. C.or D. C may be used on filament or heater, except a1 specifically noted. For use 1Grd slncarolgnd  Gnds «2and e Jted toplace. K Apphed Uhrovg’ plate coupling resistor of 150000 ohuma
of D.C. on A-C fitament types, decrease «tated grid volts by ! ; (approx.) of ilament voltage. ®Grits s 1ard 82 cinnected torether.  Gnd A tied to plote.  **For gnd of followang tube.
o Requires dufferent su ket Trom small 7-pin.
RECTIFIERS
L wave Manimam A-C Voltage per Plate . 500 Volts, RMS
513 St Mo apn | F10.2 27 o 200 FrAMENT | S0 3.0 — | — Meyumum D-C Output Current 250 623
3 Masimum AC Plate Voltage 250 Volts, RMS
1223 sk o | ficz 41 =y weAten | 12.61 0.3 —_ ] - Maumum D.C Output Current _ 60 Milumperes 123
nrcnrica. Maamum A-C Voltage per Plate. 125 Volts, RMS
2525 oo SMALL &-PIN neG. s T oxaX wearen | 2.0 | 0. — | - Max mum D C Output Current . - 100 Mllamperes Canid
x ave Maumum A-C Plate Voltage _____ 350 Voits, RMS -
bov fredhy SMALULLOIN ([IFICT2) baaten | 63| 03 | — | — Maximum D-C Output Current 50 Milliamperes v
ruLLwave T Voltage per Plate (Voits RMS) 356 100 $50  The 550 volt rating pplies to Riter circwits Faving an
80 RECTIFIER MIDIUM PN | G. 2 FIAMINT | S.0| 2.6 | — | — C Output Current (Manimum MA ) 125 110 135 input choke of at least 20 henries. 8
HALY-wavE Maumum A-C Plate Voltage S 700 Volts, RMS
81 RECTIFICR MeoWM MM g3 PLAMENT 75_T B |l Ve Masimum D C Output Current . __ il
TuLLwavE Matimum A C Voltage per Plate __ 500 Voits, RMS  Maximam Puk lnvem Voltage 1400 Volts
82 Bectirica > |MEOWM aniN | G 2 | ruaMENT | 2.5 30 | — | == | Masmum D€ Output Current 125 Millwmperes  Masumum Peak Plste Current- - 400 e
TuLLwavES B RManmum A-C Voltage per Plate _ 500 Volts, RMS Maximum Peak Inverse Voltage_1400 Voits
83 RELTIFIER O i ] iGa? ST x yoament | S0 30 [ — | — -C Output Current 250 Milligmperes __ Masimum Peak Plate Cumrent.. . 800 Mhamperes | o 83
FuLL wave B “Maximum AC Voltage per Plate. ~350 Voits, RMS 3
o RLCTIICA AL SN | Fie. B el s 10 | meaten | 63 08 | — | — Maumum D € Output Curvent ~ $0 Mullamperes oo 424
> Mercury Vapor Type. * Tuterchangeable with Type |

“*For Grid-leak Detection—plate volts 45, grid return to 4

@ Requires different socket from small 7'pm

lament or to cathode.
$ Applied

{3 Grid next to plate tied to plate.
through plate coupling resistor of 250000 ohms.

$Two grids tied together.
**For grid of following tube.
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THE "RADIO"™ HANDBOOK

Characteristics of the New Metal Tubes

RCA 6A8 Pentagrid Converter

Heater volt. (AC or DC) 6.3 Volts
Hecater 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. averall length 314 inch

Max. diamcter 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 Vols
Plate current 8 MA

Plate resistance 10,000 Ohms
Amplification factor 20

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

Max. diamcter 1% inch

Base smail octal 6-pin

RCA 6D5 Power Amplifier Triode

Heater volt. (AC or DC) 6.3 Volis

Heater current 0.7 Ampere

Max. overall length 3V, inch

Max. diameter 1% inch

Base Small octal 6-pin
As Single-Tube Class A Amplifier

Heater voltage 6.3 Volts

Plate voltage 275 max. Volts

Grid voltage —10 Volts

Plate current 31 MA

Plate resistance 2,250 Ohms

Amplification factor .7

RCA 6H6 Twin Diode

Heater voltage
Heater current
AC volt. per plate (RMS)
DC output current
Max. overall length 1544 inch
M‘lx diameter 134 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 volr. (Grid 2) 100* Valts
Grid valt. (Grid 1) —3 Volts
Suppressor (Grid 3) Connccted to cath.
ode at socket
2 MA
0.5 MA
Greater than 1.5 Meg
Greater than 1,500
1.225 Micromhos

6.3 Volts

0.3 Ampere

100 max. Volts
2 max. MA

Plate current

Screen current

Plate resistance
Amplification factor
Mutual conductance
Maox. overall length 314 inch

Max. diameter 134 inch

Cap Miniature

Base Small octal 7-pin
* Maximum screen volis==125

RCA 6K7 Triple-Grid Super-Control
Amplifier

Heater volt. (AC or DC)
Hecater current

Plate voltage

Screen volt, (Grid 2)
Grid volt. (Grid 1)
Suppressor (Grid 3)

6.3 Volts
0.3 Amperc
250 max. Vol
100+ Volts
—3 min. Volis
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 2.100 Micromhos  Mutual conductance 1,450 Micromho.
Load resistance =200 Ohms Grid voltage® —35 Volts
Undistorted power output 1.4 Watts Grid valtaged -42.5 Valis
As Push-Pull Class AB Amplifier (2 Tubes)  Max. overall length 3143 inch
Heater voltage 6.3 Volts Max. diameter 135 inch
Plate voltage 500 max. Volts  Cap Miniature
Grid volt. (fixed bias) 50 Volts Basc Small octal 7-pin
Plate current (per tube) 23 MA # For mutual conductance of 10 micromhos
Load res. (plate to plate) 5,300 Ohms + For muteal conductance of 2 micromhos
Power output S Watts 1 Maximum screen volts = 125

THE NEW RCA METAL TUBES Smalfer in size than

i&

‘e

A

sh

3
-

““The illustration shows comparative sizes of glass and metal tubes. ) press.

m tubes with glass en-
velopes, these new
tubes will be found i
fate 1935 model re-
ceivers. A power amp-
li‘ier rentode (RCA-
F6). a pentaprid
mixer amplifier and
(RCA-6L7) 2400 volt
per plate (RMS) full.
wave rectifier (RCA-
5244 were added to
the list just as this
handbook was put to

e



2nd.DET. .25mfd. .25mfd. a
85

mmfd. 4mfd,F 200000

1000w~ +Imfd

60,000w

7o hecters & dial lamps

To A.C. Supply

Philco Model 200-X Receiver Circuit Diagram Courtesy Manson Publishing Co.

JHL

NOO8ANVH ..01QVvVYy.,

UOI4DG $INDUID) JSAIODDY

19 obey



THE "RADIO'"" HANDBOOK

e

Circuit diagram of the Silver 5C receiver.
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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 vaviation observed in each
range is due to the variation in L.C ratio over the
ranges. The absence of absorption humps, duc to
deleterious natural periods of adjacent coils iz ah-
sent in this receiver.
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FIG 6

Selectivity as measured at 6000 kc. This shows the
gelectivity 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
eryatal will narrow this curve to 50 cyeles.
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FIG. 7

Fidelity antenna to speaker as measured on a 5C
with crystal out. The rising high frequency charae-
teristic of the speaker compensates for the 6 dh. drop
of 4,000 cycles, which, however, is of no consequence
on speech reception. being rather an academic con-
sideration of high quality broadeast receiver design.
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MICROVOL 1S INPUT AT 30% 400 A, MODUL ATION
FIG. 8

This curve indicates the automatic volume controt
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, us
ean 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 discriminate between signals of
.6 of a watt and 3 watts .as is best indicated by the
<ound sensation graduations at the left of the curve.
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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-
causc 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-sclector. At this writing
a new recciver by Hammarlund, the “Super
Pro” is in the development stage. It uses
RF amplification, variable coupling IF trans-

formers, a separate power supply and a2 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-
sclector 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.

PRei0 CIRGUPT

The Original Patterson PR-10, with band-pass input.
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Circuit Diagram of the RCA ACR-136 Amateur Communications Receiver
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Stromberg-Carlson High Fidelity Broadcast Receiver Circuit. Uses two stages of R.F. preselection, variable selectivity in the I.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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The original 1934 "All-Star” receiver circuit. [Courtesy "Redio News")
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The Breting Amateur and All-Wave Crystal Filter Superheterodyne. It incorporates a speech amplifier for phone or P.A. use. Has percentage
modulation indicator and a field strength indicator. Uses high fidelity audio channel and wide-range A.V.C.
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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
some means of stabilizing the frequency
of the oscillator, one or more buffer
amplificr 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 suvges
usually applied to the final amplifier. With
certain types of frequency stabilizing cquip-
ment (such as Piczo crystal stabilizatton),
the buffers are also required to multiply the
frequency (doubling) because mechanical
limitations prevent the stable operation of
Piczo crystals at frequencies higher than
about 8 megacycles, whereas the final am-
plificr 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 o 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 cach component,

The first component, from left to right, is

oscillator,

47

ATAL

FI16. 1

Pentode Crystal Oscillator Link Coupled to
Buffer Stage.

the Piezo crystal. It usually consists of a chin,
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 diclectric. 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 clectrical 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 rcactance depending on the
type of oscillator circuit. This type of
ciramnt may be said to have a very high
“Q”, which is an index of its resistance
to changes in  resonant frequency with
changes in external circuit constants. Thus
the crystal aces as a tuned grid circuit whose
resonant  frequency is  fairly free from
changes due to varying loads or voltages. lts
frequency varies somewhat with the tempera-
ture of the plate, but for ordinarv amateur
use this temperature cffect is not bothersome.

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

The next components in the oscillator
circuit are the radio frequency choke,
RFC1, and the resistor R1, both of which
are connccted in serics 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 excceds 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 bv the filament. Thus it acts
as a small half-wave rectifier, which causes
a small rectificd 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 consequentlv
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,
¢ven 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 Rl
(down to about 10,000 ohms), the higher will
be the RF output from the oscillator. al-
though higher values (up tw 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 gencration is util-
ized in the crystal stage ieself, 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
15 increased, and it is the harmonic distor-
tion which produces the second or fourih
harmonic selected by the output tank cireuit

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 s 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 filument  heating
voltage is being periodically added to and
subtracted from the grid voluage, which ef-
fectively modulates it with the hum  fre-
quency. If the tube has an indirectly heated
cathode, such as a 2AS 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-clectrode capacitics.  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 exeernal capacity must be used to pro-
vide the necessary feedback. This is advan-
tageous in that it allows some adjustment of
the teedback 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 conwrol 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
clectrons 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 amatcurs because the designers
of the wbes had only audio frequency appli-
cations in mind when the tubes were origi-
nally developed.

At any rate the screen, as we shall call i,
must have a positive DC potential applied to
it, but it must be grounded with respet 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-passcd 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-
crally 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 thae 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 voles on the screen
of a 17, 2AS or 59 oscillator, no matter what
the plate voltage may be,

The  condenser C2 provides a  means
wherchy the plate circuit, consisting  of
the plate of the tube, the plate ta