The
"RADIO"

Handbook

By

Frank C. Jones

1936

EDITION

Published and Copyrighted, 1936, by Pacific Radio Publishing Co., Inc.
Pacific Building, (P. O. Box 3278), San Francisco, California



2 AAA The "RADIO" Handbook AAA

Equipment Ready for Test

Here is a corner of the Test Laboratory of THE "RADIO" HANDBOOK, where.
the equipment described in these pages is given a thorough test on the air.

il |
3¢




AAA The "RADIO" Handbook AAA 3

The "WHY" of a Second Edition of
The "RADIO"” Handbook

N June, 1935, the publishers of the monthly magazine, “RADIO,”
Ithe international technical authority for amateur radio, released

the first edition of “The ‘RADIO’ Handbook.” The work was printed
in a comparatively small edition in order to determine the requirements
of the amateur and attention was given primarily to the practical side
of high-frequency communication. Too often, however, theory and
practice do not go hand in hand in a field in which such rapid progress
is being made as that of amateur short-wave voice and telegraph com-
munication. The art is progressing so rapidly and so many innovations
appear each month that it is a herculean task to give the reader, in such
compact form, the exciting panorama of the romantic field of com-
munication.

But, much of the “new” which is presented to an unsuspecting pub-
lic as perfection itself has proved by exhaustive testing to be, unfortu-
nately, much less than perfection. Frank C. Jones, the engineer who
developed the greater part of the new equipment described in
this, the second edition of “The ‘RADIO’ Handbook,” brought to
light many new theories which were rigidly tested ‘“‘on the air.” A
theory was not enough. Paper plans sometimes have a way of surpris-
ing the “paper planner” unpleasantly, so the standard procedure
adopted was first to conceive, then engineer, then design, then con-
struct, if necessary then reconstruct again and again and, finally, when
exhaustive tests under actual operating conditions both with local sta-
tions and with others in the far corners of the world have shown the
worth of the conceptions they found their way into “The ‘RADIO’ Hand-
book.” There is nothing impractical, unsafe or insane in the pages of
this new edition. Theory gives way to fact. The laboratory is the
proving-grounds. All during the period of revision, the writers were
in constant touch with leaders in specialized fields and we take this
opportunity of thanking these men who, content to be anonymous, so
unselfishly gave their time and their experience that amateur radio
might be benefited. In the preparation of this Handbook the author
wishes to acknowledge gratefully the assistance he received froni Ber-
nard Ephraim, Prof. . E. Terman, John N. Hawkins, Clayton F. Bane
and D. B. McGown.

The task of the writers of this book has been a pleasant one, full of
romances, thrills, life! Many new fields are in these pages, informa-
tion which has not previously been in print, or, was hidden away in
ponderous scientific papers and weighted with the complexities of lan-
guage and of vocabulary so beloved to the engineer and so baflling
to the amateur.

The market is flooded with textbooks and textbooks are flooded
with theory, with a maze of conflicting information floating on the
flood, so that the lay reader striving to swim rather than sink is quite
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One of the World's Finest Amateur Radio Stations.
W9DXX, Owned and Operated by Alice R. Bourke, Chicago, lllinois.
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likely to sink rather than swim. Bewildered he is at loss to know just
what to do. The very fundamentals of practical radio receiver and
transmitter engineering, design and construction have, in many of the
current works not only failed to keep up with the trend, but have taken
a step backward. Thus, in these pages the reader will find an exhilar-
ating and refreshing amount of information on the most useful pieces
of equipment which he may desire to build or operate.

Beginning with theory, only such matter is treated as will be of
practical use. No space is wasted on matters of communication, traffic
handling or to the preaching of gospels of loyalty, to whomsoever the
loyalty is to be pledged, for the publishers of this book are of another
belief. They hold that it is the solemn duty of a publisher to be loyal
to his reader, not for the reader to be loyal to the publisher.

The men who were assigned to the task of presenting this newer
edition of “The ‘RADIO’ Handbook’ are conscious of their trust which
must at all times be preserved. This book has become an accepted au-
thority the world over. The sales of the first edition were so great that
a one-year printing was completely exhausted in less than three
months.

The delay in getting this new edition before the public was occa-
sioned by the rather unexpected opening of the 10-meter band. This
band is suitable for extremely long distance communication, both for
voice and for code, only at certain intervals, that is, during certain
“‘cycles” of sun-spot activity which occur usually seven years apart.
Because any licensed amateur can use voice communication without
benefit of special-privilege governmental license, and because the fas-
cination on the 10-meter band is so great, it was deemed wise to delay
the publication date until such time the engineers had opportunity to
correctly design and construct the equipment needed for this now-popu-
lar band. In these pages the reader will find, in their respective sec-
tions, a group of transmitters and receivers specially designed for 10-
meter operation. There is an instrument to fit every need, and every
pocketbook. Careful design resulted in the presentment of the most
" accurate, reliable and dependable 10-meter information anywhere
available.

New tubes came into the market. New tables had to be prepared.
New apparatus of all types was developed. New ideas in exciter units
by Frank C. Jones, which make the all-band exciter for 1936 many
times more useful and valuable than its predecessor, new receivers with
metal tubes, pre-amplifiers with the new tubes, and a host of other
equipment fresh from the laboratories is presented in this new edition.

The reader is asked to accept as fact the authoritative statements
herein with regards to certain forms of oscillators, buffers, doublers,
amplifiers and antenna systems. The wide confusion which has re-
sulted from a conflicting opinion of the radio press is herein subject for
authoritative compromise, and the answers to all the important prob-
lems are given. This handbook can be your daily guide to all that is
new and all that is best in the field of high-frequency communication.
Nothing of value has been omitted from its pages.
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Exhaustive tests have proved that the Jones Exciter is supreme in
its field. Further tests have shown that the small and inexpensive re-
ceivers for high and ultra-high frequency operation are the best that
engineering skill can conceive. Coil tables and charts are unusually
complete and the section devoted to Radiotelephony is unquestionably
the most complete treatise of its kind ever made available for the
radio amateur and experimenter. It should be stated here, that the
reader will do well to scrutinize closely many of the radiotelephony
circuits, because these, too, are suitable, in the main, for excellent CW
telegraph operation.

Controlled-carrier systems of modulation are covered only from
the standpoint of those systems which have withstood the test of time.
short as that time has been. There is still much to be learned about
this year-old system, but what is herein described is authoritative.
There is no ballast, and the systems shown can be depended upon for
reliability and performance.

The various calculating charts, prepared by Mr. Ephraim, will be
of great use to those who design their own equipment. These simpli-
fied charts effect a genuine saving in cost over other equipment which
gives no better result, and a study of these charts is of paramount im-
portance to the engineering and designing fraternity.

As in the first edition, there is an extended treatment of antennas
and antenna systems. Wide acclaim has come to the publisher for
the simple manner in which this heretofore complex subject has been
handled.

The publishers express grateful thanks to more than 19,000 of
our friends who placed pre-publication orders for the book, and for
their patience and sportsmanship they have shown by waiting so long
for this newer edition to appear.

Should the sale, as it did in the first edition, exceed the anticipated
requirements, a third printing will be released in the fall of the cur-
rent year.

Those who desire to have more complete data on any particular
subject or chapter are advised to communicate with the publishers,
for it is the duty of a publisher to give the reader what he needs, not
what the publisher desires to give him.

For the proniptest attention, orders for additional copies should
be addressed to:

Pacific Radio Publishing Co.,
San Francisco, California, U. S. A.
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INTRODUCTION TO AMATEUR RADIO

Iivery person who desires to operate an
amateur transmitting station must obtain
a “station” and ‘“operating” license from
the district offices of the I"ederal Communi-
cation Commission. The locale of these dis-
trict offices are given in the Appendix. A
license is not required to operate a receiver.
To secure the necessary licenses, the appli-
cant must pass an examination in order to
prove his technical knowledge of the theory
and practice of amateur radio communica-
tion, as well as being able to copy the Con-
tinental Code at a speed of ten words per
minute.

Those who desire to learn the code with-
out the aid from others may do so by
means of a CODE PRACTICE SKT. Several
kinds of these sets can be constructed, of
which the simplest is not always the best.
Any amateur will gladly assist the begin-
ner to properly build a practice instru-
ment. Of importance, the instrument must
be so designed that a sharp, clear tone will
be produced in the receivers, simulating
that of a continuous-wave signal (c.w.) as
commonly heard on short-wave receivers.
Only a few moments are required to assem-
ble a code practice set, of which the parts
may be purchased at a modest cost from
most any radio store, Should difficulty be en-
countered in making the instrument prop-
erly function, it should be taken to an ama-
teur or radio service man who will make
the necessary adjustments.
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The simplest code practice set is shown
in Figure 1. Here, an oscillator consisting
of a high-frequency buzzer, one or two dry-
cells, a pair of headphones, and a telegraph
key complete the instrument ensemble. The
advantages of this oscillator is that the
buzzer operates continuously to produce a
stable audio-frequency tone. The head-
phones and telegraph key are connected in
series across the buzzer coil. The buzzer
contacts should be adjusted for the least
change in the note when the key is de-
pressed. Although the buzzer operates con-
tinuously as long as current is being sup-
plied from the batteries, the tone is only
heard in the headphones when the key is
manipulated.

Another code practice set is shown in
Figure 2. Here a cathode-heater type
vacuum tube functions as an oscillator in
what is known as a “Hartley” oscillating
circuit. The 2.5 volt or 6.3 volt tubes may
be substituted in the circuit with equal suc-
cess. The type 76 tube is the 6.3 volt equiv-
alent of the type 56 which draws only 0.3
ampere heating current; hence, on account
of such low current consumption the tube

P
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FIG. 2
Code Practice Oscillator Using Heater Tube.

can be operated from a series of four No. 6
dry-cells. The coupling transformer is of
the audio-frequency type, any turns ratio.
The telegraph key is in series with the'
headphones and the plate (“p"”) terminal of
the audio transformer, The pitch of the
note may be varied by merely increasing
or decreasing the “B" voltage. It will be
found that the most pleasing note will be
obtained at about 223 volts.

The capacity of the fixed condensers will
also affect the piteh of the note, as well as
the volume. The vacuum tube code prac-
tice oscillator is far more satisfactory than
the buzzer type shown in Fig. 1. 1t gives
. more stable tone, which can be varied in
intensity and pitch to suit the individual re-
gquirements of the operator.
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FIG. 3

A type '30 tube, a single dry-cell and a 221/,

volt B battery gives good results in the code

practice set shown in this diagram. The tone

ot note can be changed by using larger or

smaller condensers and resistors than those

shown in the diagram, or by varying the voltage
of the "B" battery.
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Code Practice Oscillator as shown in Fig. 2.
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How fo Master the Radio Code

There is nothing complicated about learn-
ing the code. Many young hoys and girls
have succeeded in attaining a code speed
of ten words per minute with but few
months of practice. \When learning the
code it is important to distinguish dots
and dashes: that is, a dot or a dash must
always be properly characterized, no matter
how fast or slow one transmits. A dash,
however, should be three times as long as
a dot. Beginners commonly make the mis-
take of “holding the dots"—not making
dots at all but a series of long and short
dashes. A dot is made by one quick, sharp
touch of the key, irrespective of the send-
ing speed. A dash should never be made
longer than the time required to make three
quick dots. The difference between slow
and fast sending is the time interval between
letters which comprise words, and not be-
tween the characters which make a letter.
The spacing between letters and words
may be lengthened when slow speed send-
ing is used. All dots and dashes should
have the same “time form"” no matter
whether an attempt is being made to send
5 or 50 words per minute. The secret of
success of good operating is in the spacing
between letters and words, but there should
be no spacing between dots and dashes
which make up an individual letter. For
example: take the letter A; it consists of
a dot and a dash, but in code it should not
be considered cryptically except as a dot
and a dash. Phonetically, pronounce it as
“did-daw,” “did” for the dot, “daw" for
the dash. Thus, the letter A becomes “did-
daw,” not dot-dash. By repeating the pho-
netic sounds, the letter soon becomes firmly

Proper grip for manipulating the key.

THE RADIO TELEGRAPH CODE
o ap

N« Xsgs<CAHAHL XD TOoOZIMNXXL " IO0MMOND?>»
[

Numerals, Punctuation Marks, Etc.

VO~ UH W~

s ED @D 006
INTERNATIONAL DISTRESS SIGNAL

PERIOD

COMMA
INTERROGATION
QUOTATION MARKS
GED G 6 O @ @ XCLAMATION
COLON
SEMICOLON
-l ¢ b &b ¢ O PARENTHESIS
[ _ N RN _NJ FRACTION BAR
[N XN N ] WAIT SIGN
GEDP © ® © @ DOUBLE DASH(BREAK)
®©0 O OO OO @ C(RROR(ERASE)SION

oG o@D & END OF MESSAGE
o ap o & END OF TRANS-
i MISSION
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DASH EQUAL TO THREE DOTS — SPACING RETWFEN CHARACTERS EQUAL TO ONE DOT

SPACING BETWEEN LETTERS EQUAL TO ONE DASH

SPACING BETWEEN WORDS tQUAL TO FIVE DOTS
fixed in the mind. During mental repeti- suflicient play, the sending will sound
tion, no pauses should be made between “sloppy.” Do not muke the key too “stiff”
the “did” and the “daw’": the two must rolil by exerting too great a pressure on the

smoothly into each other; thus, “diddaw.”
One of the greatest mistakes made by op-
erators is in permitting a pause to come
between the “did” and the “daw.” To fur-
ther illustrate code learning examples,
take the letter B, which consists of a dash
and three dots. Again, there must be no
spacing between the dash and the three
dots. B is ‘“dawdiadiddid.” Now, if a
space is permitted to come between the
daw and the the three dids, the code char-
acter will have the form of the letters T §,
and not 1.

Send cautiously, slowly and surely! Haste
mukes waste. One often hears of the oper-

ator “who falls all over himself.” He be-
comes confused, sends faster than he can
receive. Nothing is more painful than to

listen to a fast, erratic operator who can-
not read his own sending. How, then, can
he expect others to copy his signals?

The SOUNID systemn of learning the code
has been universally proven as the best
method for beginners to use. This system
teaches the operator to think in terms of
SOUND, instead of the more commnmon letter
formations, By thinking in such terms a
letter is recognized by its charaeteristic
sound and cadence. When the sound “did-
daw” is heard, it is immediately recognized
as the letter A, and not in any other forn.

Correct "grip’" and position of wrist for
operating automatic key {“bug”).

With the code practice set connected,
grasp the key gently with the thumb, fore
and index fingers being placed on the knob
of the key. The illustration shows how to
properly manipulate the key. Avoid cramp-
ing the hand—relax—forget entircly that
the thumb and forefingers are on the Key.
Be interested in correctly making the tele-
sraph signals *“dids” and “daws.” Send
slowly, until becoming adept to the knack
of sending. Do not open the key too wide,
clse the sending will become “choppy.” On
the other hand, it the key does not have

adjusting spring. 1f in doubt about the
correct tension, ask a more experienced op-

eriator to assist you in making the proper
adjustment.
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Easily Memorized Practice Letters.

Ilegin learning the code without assist-
ance from others, First memorize a few
letters of the alphabet, starting with the
letter A. Proceed by the methods outlined
in the above text until finally practicing
with the telegraph key. To augment the
mind's retentive powers, use a short-wave
receiving set and pick out as many diddaws
as can be recognized from a slow sending
station. At each recognition the letter
should be written down on a small pad.
After becoming thoroughly acquainted with
the letter A, proceed until the complete
alphabet can be instantly recognized by
sound code-formations, later, connective
words like AND, TO, OF and others should
be learned. Words composed entirely of
dots and dashes are excellent for practice.
or example: (all dots) is, his, sis, and she;
(all dashes) to, tom, otto and etc. In exer-
eising. it is important that the letters be
properly spaced lest the word structure be
ruined.

The next step is to make short sentences
consisting of words, some of which are all
comprised of dots, others all dashes, such
as “she sees Otto.” The student operator
will find that by learning all code char-
acters comprised of dots or dashes before
others, that his telegraphic technique will
be developed at much faster rate than it
otherwise would be. Every effort should be
nuide to copy signals heard on short-wave
sets until proficiency is attained.

Throughout the day, it would be advis-
able to make silent repetitions of the did-
daw sounds, including words, short sen-
tences, figures, calls and other miscellany.
Always think in terms of SOUND . . . in
dids and daws. Soon it will be amazing to

learn how simple it is to gain speed and
accuracy in a relatively short period of
time.
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FUNDAMENTALS

A study of electrical or radio phenomena
requires a knowledge of the electron theo-
retical conception of matter and energy.
This theory assumes a scheme whereby
very small particles of inatter carrying
electrical charges form the basic mechanism
in electric conduction. These elemental
units or electronic charges form the basis
of the electron theory which has been uni-
versally accepted as the best means for
coordinating present knowledge of electric
phenomena,

In general, the smallest particle of mat-
ter which can exist alone is the atom. 1t
consists of a heavy nucleus of one or more
protons surrounded at planetary distances
by an equal number of electrons. The outer-
most electrons revolve in elliptical paths
around this inner nucleus. Every atom of
matter has as many electrons as protons,
and therefore the total number of positive
and negative charges neutralize each other.
This atomic system has been given the
name of the nuclear atom. The charge re-
tained in the nucleus of an atomn is what
designates its weight, while the attendant
electrons revolving around the nucleus is
that which determines the atomic number.
Atomic numbers run from one to ninety-
two, which are the ranges given to all the
chemical elements.

To the electrons, or more properly to the
negative electronic charges with correspond-
ing positive charges on the protons, or pos-
itive nuclei, are ascribed properties of elec-
tric fields (the space surrounding magnets,
electric charges and electric currents), con-
sidered as innate characteristics of each ele-
mental unit. Electrons at rest produce
electro-static phenomena, while electro-
dynamic effects result from electrons in
motion.

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

In all insulating substances the atomic
structure is such that all the outlying elec-
trons 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 ot
electrons through a conductor or conduct-
ing medium. To initiate the flow, a differ-
ence in electrical pressure (analogous to a
hydrostatic head of water) or electromo-
tive force must exist between the two ends
of the conductor. To clarify these state-
ments in an electronic exposition is with-
ont the scope of this text, but briefly the
explanation is: The looseness with which

Wxthe outer electrons are held in any atom
is related to the electrical conductivity of

OF ELECTRICITY

the substance composed 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 consists of a stream
of electrons moving along the conductor,
from atom to atom, in a deflnite direction
under the influence of an outside applied
force or pressure. In electrical circuits
this outside force consists of an equalizing
tendency on the part of the electrons which,
like water, seek their level. Hence, there
will be a fiow of current in any conductor
which possesses an excess of electrons at
one point and a deficiency at another. This
fiow will continue until the number of
electrons at all points along the conductor
are equal. This equalizing force is called
the electromotive force, abbreviated 1XMF,
and is usually expressed in volts. This
force is due to the non-uniform distribu-
tion of electrons in a circuit. For illustra-
tion, if a battery is placed in a closed cir-
cuit, a current of electricity will flow
around the conducting medium because the
battery pulls electrons into one terminal
and pushes electrons out of the other. The
source from which the electrons flow is
called the negative terminal, and the point
wlich the electrons travel to is called the
positive terminal. The words POSITIVE
and NEGATIVIE have no meaning, but serve
only to distinguish or differentiate between
the two electrical charges. The terms were
chosen many yvears before the electron-
movement theory was established, and for
a long time it was assumed, for reasons of
conventionality, that current flowed from
a positive terminal to a negative terminal.
It is now known that the co-ordinated mo-
tion of electrons actually move in the op-
posite direction; that is, from the negative
to positive terminals.

Electric Potential

The value of an electromotive force exist-
ing between any two points is known as the
potential difference, and is measured in
terms called a volt.

The Electric Circuit

The simplest clectrical circuit consists of
it source of electromotive force and a con-
tinuous path from the negative to the pos-
itive terminals through a resistance. The
source voltage may be either a unidirec-
tional (IC), or alternating (AC) current.
If direct current, the voltage source main-
tains a constant positive and negative
polarity. On the other hand, if the current
he of an alternating nature the polarity of
the two terminals is periodically reversed.
In an alternating current circuit the direc-
fion of the electron movement reverses
once each cycle. In the ordinary 60 cycle
AC power line, the polarity of the AC gen-
erator reverses 60 times per second, which
indicates the line FREQUENCY. Alternat-
ing and direct currents have quite different
characteristics. Accordingly the study of
electricity is divided into two parts; direct
currents and alternating currents.
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Electric Resistance

Electrons .moving through a conductor
continually collide with atoms of the con-
ducting material. This impedes or slows the
electron flow to such an extent that the
amount of current is limited which can flow
through a circuit when a given voltage is
applied. This limiting effect is termed the
resistance of the conductor; it is expressed
in ohms. Hence, a circuit has a resistance
of 1 ohm when an EMF of 1 volt will force
a current of 1 ampere through it. And, in
an inverted sense, a source of EMF is said
to have 1 volt electrical pressure when it
will establish a current of 1 ampere in a
resistance of 1 ohm.

‘I'he collisions between the free electrons
and the atoms move the atoms around
slightly, which takes a certain amount of
energy away from the electron stream. This
energy heats up the conductor and explains
why resistors carrying current increase
their temperature.

Electric Current

Klectric current describes the rate of
floww of electricity through a -circuit, and
the unit of current flow is the ampere.
Ilectric currents are measured either by
their heating effects on a conductor (ther-
moammeters, etc.) or by their magnetic
effects (moving coil and moving iron instru-
ments).

Sources of Electricity

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

Series and Parallel Circuits

A simple circuit can contain any num-
ber of resistances. For example, Figure 1
shows a circuit having two resistances con-
nected in series, while that in Figure 2 has
resistances connected in parallel. The cur-
rent in a parallel circuit will divide between
the various resistance branches, and will
not be equal in each branch unless the re-
sistance in every branch is equal. In a
series circuit the current flow is equal at
every point in the circuit.

A A?:‘A » 13 A‘RzAD LY ‘AR.:‘ 1)
—— —
< V‘VA"VAVAVL o
W, Rz
S
1 . “L
s
FIG 4 Fi1G. 2
Ohm's Law

The resistance of any conductor depends
on the structure of the material of which
it is made, together with its cross-section
and length. The relationship between the
electromotive force (volts), the flow of cur-

rent (amperes), and the resistance imped-
ing the flow of current (ohms) is expressed
in Ohm's Law, which states: “For any cir-
suit or part of any circuit the current in
amperes is equal to the electromotive force
in volts divided by the resistance in ochms.”
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
I =1IR = — R=—
R

Thus, resistance equals voltage divided
by current,
current equals
by resistance,
voltage equals current times re-
sistance.

voltage divided

In many commonly used circuits it is
found that there are resistances connected
in series, in parallel or in series-parallel,
as shown in Figure 3. In order to calcu-
late the total resistance of any network
composed of two or more resistances con-
nected in any of the above three ways, the
formula shown in Figure 3 is used. Note
that the total resistance of resistors con-
nected in series is larger than that of the

SERIES
L R, R, R,
Rrortau = Ry + R+ Ry
PARALLEL
<
SR Ra Ry
y 1
L)
RooraL = =
i i
S o b oo 2L
R, R, R
SERIES PARALLEL
Ry Ry R
R2 Ry Rg
0
Rrora = — 1 [
R+ R Ry + Ry Rs+Rg
FliG. 3

highest resistance in the circuit. Also, the
total resistance of resistors connected in
parallel is less than that of the lowest re-
sistance 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

of the amperes of current flow. The unit
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of power is the watt, and equals the prod-
uct of the voltage across a resistor, times
the current through it. This equals the
amount of electrical power transformed into
heat in the resistor, Using the symbols de-
scribed above, plus W — Watts of Power,
it is found that the following relationships
hold true:

W = EI

E:2

W= —

R
Electrical power can do other forms of
work besides generating heat, such as driv-
ing a motor, radiating waves from an an-
tenna or driving a loudspeaker. Electrical
power takes many different forms and can
be transduced from one form to another by
means of a motor-generator, or vacuum-

W = I*R

tube,
RMA STANDARD
RESISTOR COLOR CODE
A BODY COLOR-ld. figure of resistance value.
B COLORED END-2nd figure.
€ CENTER DOT-number of ciphers following
firt two figures.
figure color figure color
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Electromagnetic Phenomena

A magnetic field envelopes or surrounds
a conductor when an electric current is
flowing. How this field is developed is ex-
plained as follows: Electrons of like charge
will repel each other due to the electro-
static field of force which surrounds each
electron: this force is inversely proportional
to the square of the distance. Thus, if the
repulsion at any distance is a certain value,
the repulsion at twice this distance is one-
half squared, or 1% as much. The electro-
static fleld 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 elec-
tron. See l'igure below:

At Rest or Moving at
a4 €Constant Velocity

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

This gradual build-up of current in any
circuit depends upon the circuit character-
istics, It takes a greater length of time
for current to build-up in a circuit con-
taining a coiled wire than in one which
consists of one long, straight wire. This is
because the clectro-static fietds overlap sur-
rounding electrons in adjacent turns of the
coil.  The energy stored at any point in
space is proportional to the square of the
electro-static intensity (or force) at that
point. Thus, by coiling the wire, the energy
concentration stored in the space around
the coil has been materially increased, due
to the increased overlap in the fields of the
electrons. If the electro-static intensity at
any point has been increased a hundred
times over that of a point near a straight
wire, the energy storage is 100 squared, or
10,000 times that of the energy stored in
the space surrounding the long, straight
wire. This stored energy comes from the
source of power supplying the circuit, and
any given current in a coil represents much
more stored energy than the same current
in a straight wire. Hence, for a given im-
pressed  voltage, it takes more time to
start or stop the current flow in a coil
than in a straight wire. Likewise, to start
or stop the current flow in a coil in a given
time requires the application of a larger
voltage than would be necessary to start or
stop the same current flow in a straight
wire.

The inertia offered by a circuit to either
an increase or a decrease in current is
termed the inductance of the circuit. This
inertia can be visualized in the following
manner. When an electron is accelerated,
or speeded up, its electro-static field does
not instantly respond to the motion of the
electron because the electro-static disturb-
ances caused by the sudden acceleration of
the electron travel outward from the elec-
tron with the speed of light. Hence, differ-
ent parts of these fields are moving at dif-
ferent speeds, as shown in Figure 4 (B),
and the concentration of energy ahead of
the electron is greater than the concentra-
tion behind it. As soon as the electron at-
tains constant velocity, its fleld again be-
comes systematically arranged. When the
electron is decellerated the concentration
of energy behind it becomes greater than
that ahead of it, as shown in Figure 4 (C).
These non-uniform concentrations of energy
tend to oppose any change in the velocity
of the electron, and it should be evident
that the overlapping of the electron fields
which occurs in the coil increases the non-
aniform energy concentration which accom-
panies any change in the velocity of an
electron, thus increasing the opposition to
change, or inertia of the electron. This
inertia, therefore, exerts a force opposing
any change in the current through an in-
ductance, and this opposing force is called
the back electro-motive force.
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Induction and Induced Voltages

When an alternating current is passed
through a coil of wire, energy is alter-
nately stored in the field and returned to
the wire. The greater the number of turns
of wire on the coil, the greater is the mag-
neto-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
magnetic force which surround any con-
ductor. Magnetic flux might be termed
magnetic current, just as magneto-motive
force corresponds to magnetic voltage. The
reluctance of a magnetic circuit could be
described as the resistance of the magnetic
path and the relationship between mag-
netic lux; magneto-motive force and reluc-

tance is exactly similar to that between
current, voltage and resistance, (Ohm's
Law),

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

Permeability

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

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

Mutual Inductance

When two parallel wires are placed in
proximity to each other and a varying cur-
rent flows through one of them, the non-
uniform energy concentrations around the
accelerating and decellerating electrons in

the conductor carryving the varying current
cause an induced electro-motive force to be
applied to the free electrons in the neigh-
boring conductor. The electro-motive force
(voltage) produced in the adjacent wire is
always in the same direction as the back-
electro-motive force set up in the wire
which is carrying the exciting current. This
point helps to explain why the inductance
of a circuit containing many turns of wire
is greater than that of a circuit composed
only of.a straight wire. In a coil, each
turn has a back-electro-motive force in-
duced by the changing current within itself.
In addition, it has an induced electro-mo-
tive force in the same direction, due to the
changing current in the adjacent turns on
each side of the portion of the coil under
consideration. The self-inductance of a
coil in henrys equals the induced voltage in
volts across that coil when the current is
varying at the rate of one ampere per sec-
ond.

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 sec-
ond coil, and the mutual inductance in
lenrys between the two coils equals the
voltage induced in either coil when the cur-
rent in the other is varying at the rate of
one ampere per second. The unit of in.
ductance is the henry.

Inductive Reactance

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

Formula:
Where X, is the inductive reactance in
ohms,
f, the frequency in ecycles per
second,
I, the inductance in henrys,
X; =27 fLL

Thus. if the inductance of a coil and the
frequency of the impressed alternating
voltage is known, the current in any AC
circuit in which there is an inductance can
be determined by dividing the voltage by
the inductive reactance.

Inductances can be connected in series or
in parallel. The electrical effect of making
such connections are quite similar to those
obtained when connecting resistors in series
or parallel. Inductances in series:

I. total = L1 4+ L.2 4 L3, etc.,
Inductances in parallel:
1 1 1 1
- = qPe= qP == 4qro
L total L, Ly Lg

Transformers

From the foregoing, it was seen that a
variation of current flowing through an in-
ductive winding will induce a similar volt-
age in an adjacent winding if both are
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coupled within the proximity of the com-
mon magnetie circuit. This explains the
operation of a transformer. The winding of
a transformer carrying the exciting current
is known as the primary, and the coupled
coil in which is induced a voltage is known
as the secondary. If both prmary and sec-
ondary windings have an equal number of
turns which are closely coupled, and if
neither of the windings are tuned by means
of a capacity to resonance at the frequency
of operation, the voltage across the sec-
ondary will be equal to the voltage across
the primary. If the secondary has twice
as many turns as the primary, the induced
voltage in the secondary will be twice the
exeiting voltage across the primary. Ior
any other turns ratio between the primary
and secondary windings, the ratio of the
secondary voltage to the primary voltage
will be equal to the ratio between the num-
ber of secondary turns to the number of
primary turns. These relationships hold as
long as no current tlows in the secondary
winding, which is the case in all low-level
audio-frequency circuits. When a load is
connected across the secondary, as in a
power transformer, or audio-output trans-
tormer, the DC resistance and the leakage
reactance of the transformer windings
slightly modify the voltage relationships.

Useful transformer formula:

Zp (.\’p a
Zs N N )
Where Z; = primary impedance
Zs = secondary impedance

Np = number of primary turns
N+ = number of secondary turns

Condensers and Capacitive Reactance

A condenser is a device for storing elec-
trical energy, and in its simplest form con-
sists of two parallel metallic plates sep-
arated by an insulator, such as air. If the
two plates are connected to a DC source,
one will be positively and the other nega-
tively charged. As soon as the potential
difference between the two plates becomes
equal to the voltage of the IDC source, the
current in the circuit will cease. If the
condenser is connected to an AC voltage,
the current will surge back and forth every
cycle, because first one plate takes on a
positive charge, then the other. During
that part of the cycle when one plate be-
comes negative, the excess of electrons
driven on to this plate repels an equal num-
ber of electrons off the other plate. These
electrons then travel back toward the posi-
tive terminal of the voltage source. On
the next half cycle this process is reversed.
No electrons actually pass through the con-
denser from one plate to the other, 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 rela-
tion between the impressed voltage and the
resulting current.

The quantity of electricity stored in a
condenser is proportional to the square of
the impressed voltage. The quantity stored
is measured in coulombs or ampere-seconds.

One coulomb is the quantity of electricity
carried by one ampere of current tlowing
for one second. Hence, if the voltage
changes at the rate of one volt per second
and the current prodiiced (or absorbed) is
one ampere, the capacity of the circuit has
one farad; that is, the condenser has a ca-
pacity of one farad. The farad is too
large a unit for practical use, so in radio
work a very small fraction of this capacity
is used, the more common unit being 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
reasons, it is desirable to construct con-
densers with two or more plates: hence,
most radio condensers consist of two paral-

leled sets of plates, each connected to-
gether conductively. The dielectric prop-
erty varies with the insulating inaterial

which affects the ability of a condenser to
store electricity. The dielectric constant,
therefore, describes the ability of a con-
denser to increase its capacity over that of
an air condenser.

The capacity of a condenser can be com-
puted from the following formula:

kA
C (microfarads) = 0.8842 —d— (n—1) 10-7

Where k = the dielectric constant
1.00, mica 4.5 to 7.5)
A =area in em? (one side of one
plate)
separation in cm
number of plates

(air

n

Condensers in Parallel and Series

Condensers can be connected in series or
in parallel, but the effect is just the oppo-
site to that of connecting inductances or
resistances in series or parallel. A simple
rule covering parallel or series connections
is: Capacities in parallel should be added
to find the total capacity, and for capaci-
ties in series the reciprocal of the sum of
reciprocals must be taken. Illustrating by
formula:

C (parallel) C, - Cy, + (7 ete,

1 1 1 1
C (series) : — = — + — + — ete.,

C C C:

Capacitative Reactance

Alternating current does not flow through
a capacity without some impeding effect
taking place, which is termed capacitive
reactance. This retarding factor is in-
versely proportional to the frequency and
the capacity of the condenser. To find the
inductive reactance, the following formula
is given:

1,000,000
Ne &% ——
2xfC
Where X the capacitive reactance in
ohms
f = the frequency in cycles per
second

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

Impedance

When an inductance, capacity and a re-
sistance are connected in series, the com-
bined effect is called the impedance of the
circuit.

The capacitive reactance and inductive
reactance are of opposite sign, because the
current through a conductor leads the im-
pressed voltage by 90 electrical degrees,
while the current through an inductance
lags the voltage by 90 degrees. Thus, the
current is 180 degrees out of phase with
that through the inductance. The reac-
tance of the circuit becomes X1 — X, Since
the current through an inductance or ca-
pacity lags or leads that through a resist-
ance by 90 degrees, it is necessary to take
the square root of the sum of the squares
to solve for the total impedance of the cir-
cuit to the flow of current

Z (impedance) = VR? + (X1 — Nc)*

With any two quantities known, the third
can be solved from the following formulas:

E =12

Z=— I=—

1 Z

From the equation of the impedance of
a series circuit it can be seen that the im-
pedance is equal to the resistance when the
inductive reactance is equal to the capaci-
tive reactance, This is known as resonance.

Alternating Current Considerations

Alternating current produces a heating
effect in a resistor in spite of the fact that
the current flow periodically reverses at a
uniform rate of speed. To explain the the-
ory, principle, and applications of alternat-
ing current in its many ramifications, would
be taking too much of the more valuable
space in this book. The student, then, is
referred to texts wherein this and other
information on AC phenomena can be found.
Briefly, a generator produces alternating
current which starts at zero, reaches maxi-
mum, returns to zero, reverses direction.
and repeats the performance. This varia-
tion follows a mathematical law called a
sine wave. The actual heating effect of
this alternating current 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 ammeters.

In considering alternating current the ac-
tual power is not the product of 12Z, since
the effect of either the inductance or ca-
pacity 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 Icosf. The cos ¢
represents the power factor which has a
zero (unity) value in a pure (1009%) re-

sistive circuit. A perfect condenser having
no resistance would have a zero power
factor, which would provide a means for
making comparative tests with other con-
densers.

One of the many interesting applications
of “power factor” is in determining the
effective shunt and series resistance of a
condenser when the frequency of operation
is known. Solutions for the determinants
are;

power factor
Series Resistance = ————
2x fC

1

It = Shunt Resistance — —
27 1 C X power
factor

Iiliminating the power factor term gives:®
1

Series Resistance — =
N EE SENE

Fundamentals of Radio

In power, telephone and telegraph lines,
«lectricity energy is carried froin the send-
ing point to the receiving point through in-
dividual and isolated lines. All radio sig-
nals, however, utilize a common conducting
medium, the ether. The mixing of thou-
sands of radio signals in one conducting
medium necessitates some method of se-
lecting the desired signal and rejecting all
others. This is accomplished by means
of resonmant circuits involving inductances
and capacitances in series or parallel.
Vacuum tubes are used to amplify the sig-
nals, while tuned circuits are used for
selecting the desired signals.

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 is rap-
idly attenuated. The ground wave is useful
in long wave radio communication and also
for very short distance work on ultra-short
wave lengths, The other form of wave is
known as the sky wave, since it is reflected
back to the earth by ionized layers in the
upper atmosphere known as the Kennelly-
Heaviside Layers. The sky waves are prop-
agated from the antenna at ungles above
the horizon.

HEIGHT OF NAXIMUM
ELECTRON DENSITY

TRANSMIT TER

RECEIVER

FIG. 5—Reflection of radio waves from the
Heaviside Layer around the earth.
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At very low angles of
waves g0 out practically tangent to the
earth’'s surface, penetrate into the ionized
layers and are bent back to the earth at a
very distant point. Higher angles of radia-
tion are bent back to earth at shorter dis-
tances until a certain high angle is reached
for any particular frequency which will not
be hent 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 waves can be carried around one
of the upper layers to extremely great dis-
tances before being bent back to earth, no
matter what the anglc of propagation.

The Kennelley-Heaviside Layer is a
strata of ijonized air molecules, of which
the ionization is due to the ultra-violet radi-
ations from the sun, This stratospheric
layer lies above the earth at distances of
less than one hundred to several hundred
miles elevation. The relative density of
the layer lies closest to the earth, espe-
cially in the daytime and in the summnrer.
However, it is not constant, but varies
from year to year and seems to depend upon
sunspot activity.

radiation, the

Inductance Considerations

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

L. = 1.257 NI’ X 10-8

\Where N = the number of turns of wire
L = the inductance in henrys
P = the permeance of the com-
plete magnetic circuit

In most inductances, the magnetic circuit
is confined by means of an iron magnetic
core to the close proximity of the coil itself.
For radio-frequencies some form of air-core
coil is most often used. ILately, pulverized
iron has been successfully employed for
low and medium frequency coils, such as
in intermediate-frequency transformer as-
semblies,

The inductance of an air-core solenoid
can be calculated from the formula:

I, = N2dK

Where L, = the inductance in microhenrys
N = the number of turns
d = the average diameter of the
coil
K = a constant depending on the
ratio of the length to the coil
diameter

This formula shows that the inductance
of radio-frequency coils varies as the
square of the number of turns and di-
rectly as the diameter of the coil,

An inductance has a certain amount of
resistance due to the metallic conductor
used in winding the coil. At radio-frequen-
cies 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 sur-

face of the conduector, which in effect gives
an increase in the resistance. This crowding
of the current density toward the surface
of a conductor is known as the “skin
effect.”

The ratio between the inductive reac-
tance of the coil and its effective resist-
ance gives a measure of its efficiency, and
is known as the “Q" of the coil. “Q,”
therefore, is the factor of merit of a re-
actance element: this factor can he deter-
mined by the following formula:

2y f 1.
Q
[
Series Resonance
When an inductance, resistance and ca-

pacitance are connected in series, there
will be a certain resonant frequency at
which the inductive reactance is equal and
opposite in effect to the capacitive re-
actance, and the tlow of current will only
be limited by effective resistance of the
circuit. At higher frequencies than reso-
nance, the capacitive reactance is less than
the inductive reactance, with the result that
the impedance is higher than at resonance.
The same holds true at lower frequencies,
except that the larger reactive term is
capacitive. The reactive voltage drop across
either the coil or condenser is very high at
resonance, because the current is only lim-
ited 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:

EX2rfl I
El — — — =1 X Q
It 2rfCIR
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 coil would be 1,000 volts. The sharp-

ness of a resonance curve depends upon
the “Q” of the coil, for example:
1
— difference of frequency from reso-
2Q

nance will only
current.

sive 709% of the resonant

1
— difference of frequency from reso-

nance will only give 45%
resonance.

Series resonance is applied to antennas,
antenna feeders, and ocecasionally in audio-
frequency and filter circuits.

of current at

Parallel Resonance

Parallel resonant circuits are used in
both transmitters and receivers for pur-
poses of selectivity or coupling between
vacuum tubes. At frequencies below reso-
nance, the inductive branch draws high
current while the capacitive branch draws
low current, resulting in a lagging current
known as inductive reactance. The oppo-
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site holds true for frequencies higher than
resonance. At resonance the inductive re-
actance is equal to the capacitive reactance,

and the parallel impedance is an effec-
tively high resistance. The parallel impe-
dance at resonance is equal to:

2xfL)?
— =271t LQ
n

This shows that at resonance there is a
resonant rise in impedance of “Q” times
the reactance of either branch; meaning,
for example, that a tuned radio-frequency
amplifier would have more gain and also
better selectivity with a high “Q" coil in
the tuned coupling circuits. Since the plate
impedance of an RF amplifier tube is often
much greater than 100,000 ohms, it is im-
portant that inter-stage tuned circuits have
a very high resonant impedance so that a
good impedance match and maximum volt-
age step-up will be obtained.

When parallel circuits are placed across
the grid or plate circuits of a transmitting
amplifier tube, the impedance of the tank is
greatly reduced, because of the low shunt
resistance across the parallel tuned circuit.
The effect of a shunt resistance is to in-
crease the effective series resistance of the
same circuit; the amount can be determined
by the following formula:

1

r —

rs(2mfC)*

Where ry the shunt resistance.

1'or example., a shunt resistance of 2,000
ohms would increase the effective series
resistance of a representative tank circuit
from 5 ohms to 100 ohms at a frequency
of 7 megacycles. Assuming the circuit had
a “Q" of 100 without any shunt load, the
“Q” would be reduced to 5, due to the load-
ing effect. The parallel impedance (from
the above formulas) would be approxi-
mately 2500 ohms under load conditions,
and 50,000 ohms with no load. The exam-
ple brings out the effect of a resistance
shunted across a parallel tuned circuit.

The resonant frequency of a parallel

tuned high-Q ecircuit is given by the ex-
pression:
1
1 —_—
2x v LC

This expression is slightly in error for
low-Q circuits, because the resonant fre-
quency is affected by the effective series
resistance. The sharpness of resonance is
similar to that of a series resonant circuit
and the same Q" formulas can be used for
determining currents at frequencies off
resonance.

In many applications of a parallel tuned
circuit, it is desirable to obtain a step-
down ratio of impedance. A typical ex-
ample is in matching a 500 ohm single wire
antenna feedline to the tuned output cir-
cuit of a transmitter, as shown in Figure 6.

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

Another case of parallel resonance occurs

Lo

25
FIG. 6

in radio-frequency choke coils which are
used to prevent radio-frequency currents
from tlowing 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 RIF choke functions as a very small
condenser of not more than two or three
microfarads which presents a high impe-
dance to IRF currents. At frequencies be-
low resonance the choke performs like an
inductance having an apparent value equal
to:
1.

1 —m?

Where m is the ratio of applicd fre-
quency to the natural resonant frequency
of the coil; and I, the theoretical induc-
tance. This apparent inductance can be
very great near resonance.

Coupled Circuits

As single reactive circuits are not always
employed in radio transmitting and receiv-
ing circuits, it is therefore, more common
to use various combinations of coupled cir-
cuits; four simple electrical configurations
are shown in Figure 7. In all of the dia-
grams the presence of a secondary circuit
changes the impedance of the primary cir-
cuit by an amount equal to the expression:

(27 £ )2
Z-
The equivalent primary impedance Dbe-
comes:
(27 £ M2
Tt ————
Z2

Where 7, — the series impedance of the
primary alone
- = the series impedance of the
secondary alone
M = the mutual inductance of the
coils Ly and L.
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Note: when Z; is low, such as at reso-
nance, and M is not small, the effect on the
primary is large. The effect of the sec-
ondary upon the primary circuit may be de-
termined from the above expression when
applied to the schematic diagrams shown
on page 17. JFrom these expressions it is
possible to roughly analyze most any trans-
mitter or receiving circuit.

Power transformers are a form of
coupled circuits of the type shown in Fig-
ure 7-a. The difference between a power
transformer and a similar RF coupled cir-
cuit 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-frequencies because most
high-frequency coupled circuits are reso-

nant and require very luose coupling with
a very small value of M to attain the
desired result. In many cases the coup-
ling between two or more circuits is ob-
tained 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 reso-
nance 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 im-
portant to the amateur than a level fre-
quency response over a range of frequen-
cies,

Radio Symbols Used in Schematic Circuit Diagrams.
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VACUUM TUBES

In radio transmission and reception,
vacuumn tubes are employed for the genera-
tion, detection, and amplification of radio
and audio-frequency currents; in addition,
c¢lectron tubes serve as power rectiflers
which convert alternating current into di-
rect current, and in special cases for con-
trolling and inverting electric power,

The functions performed by a thermionic
tube depend on the emission of electrons
from a metallic surface and the flow of
these electrons to other surfaces; the tran-
sition constituting an electric current
Exercising a suitable control over the flow
of electrons increases the adaptability of
the radio tube over a wide range. In this
chapter some of these applications will be
cited.

An electron tube consists essentially of
an evacuated glass or metal envelope in
which are enclosed an electron emitting
surface, called a cathode, and one or more
additional electrodes. The connections
from the various elements are carried
through the tube envelope to special con-
nectors.

Electron Emission—Cathodes

The rate of electronic motion in every
atom increases if the molecular constit-
uents of any material are subjected to
thermal agitation. Hence, by heating cer-
tain metallic conductors the motion of elec-
trons become so rapid that some of them
break away from their parent atoms and
are set free in space. In the absence of
any external attraction, the electrons es-
caping from the emissive surface repel
each other because they are all negatively
charged. Therefore, the number of elec-
trons leaving the emittor are limited on
account of the free negatively charged elec-
trons counteracting the escape function of
new electrons. The point of electronic sat-
uration is called the ‘“space charge effect.”
When this condition is reached no further
electrons will leave the emittor regardless
of how much higher the temperature of the
emitting surface is increased. The ele-
ment from which electrons are detached
in a radio vacuum tube is energized elec-
trically by the passage of current through
either a directly-heated fllamentary cath-
ode, or metallic sleeve indirectly-heated by
an internal resistive element. In all mod-
ern vacuum tubes the surface of the
cathode material is chemically treated to
increase electronic emission. The two prin-
cipal types of surface treatment include
“‘thoriated tungsten filaments,” as used in
medium and high-powered transmitting
tubes, and *“oxide coated fllaments,”” or
cathode sleeves, such as used in most re-
ceiving tubes. Pure tungsten filaments are
practically obsolete, and are only being
manufactured for some types of high-
power transmitting tubes where sufficient
vacuum cannot be maintained for prop-
erly operating a thoriated tungsten type of
filament.

Cathode Current

When a heated cathode and separate
metallic plate are placed in an evacuated
envelope, it is found that a few of the
electrons thrown off by the cathode leave
with sufficient velocity so that they reach
the plate. If the plate is electrically con-
nected back to the cathode, the e¢lectrons
will flow back to the cathode, due to the
difference in electrical charges caused by
the electrons leaving the cathode and
reaching the plate. This small current
that flows is the plate current. If a bat-
tery, or other source of DC voltage is
placed in the external circuit between the
plate and cathode, so that the battery volt-
age places a positive potential on the plate,
the flow of current from the cathode to
plate will be increased. This is due to the
attraction offered by the positively charged
plate for any negatively charged electrons.
If the positive potential on the plate is
increased, the flow of electrons hetween the
cathode and plate will also increase up to
the point of saturation. Saturation current
tlows when all of the electrons leaving the
cathode are attracted over to the plate, and
no increase in plate voltage can increase
the number being attracted to the plate.
Raising the temperature of the cathode will
increase the plate current on account of the
electronic increment from the emitter.
Operating a cathode at a temperature ma-
terially above its normal rating will shorten
the life of the emitting surface. In the
case of thoriated tungsten emittors, which
are rather sensitive to changes in filament
temperature, it is advisable to provide a
close control over the filament voltage. If
there is any doubt about the filament volt-
age, it is better to operate the fllament
slightly higher than normal, rather than
bhelow mnormal, especially if the tube is
operating with high plate current.
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Diode Rectification

If a negative charge is applied to the
plate, the electrons in the space charge are
repelled back to the cathode and no cur-
rent flows in the circuit between the cath-
ode and plate. Thus, in a vacuum tube,
current can flow from the cathode to plate,
but not from plate to cathode. If an alter-
nating current is applied to thé plate, cur-
rént will flow only when the plate is posi-
tive with respect to the cathode. This
current will be pulsating, but uni-direc-
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tional. If a sunitable smoothing fllter is
placed in {he circuit, the pulsations will
be smoothed out and will simulate that of
a direct current. This process is known
as rectification, it is widely applied in all
radio circuits, All amplifiers employing
radio tubes usually require the application
of rather high positive IDC potential to
the plate, which of course, necessitates the
stepping-up of the AC current supplied by
the power mains before it is rectitied and
filtered. Other applications of the prin-
ciple of rectification occnr in radio receiv-
ers and transmitters.

Vacuum Tubes as Amplifiers

The addition of a mesh-like structure,
called a grid, interposed between the cath-
ode and plate in a vacuum tube allows a
wide control over the electron flow from
the cathode to plate. This control is made
possible by applying smal] control voltages
to the grid which either increase or de-
crease the plate current according to the
direction of potential command. Vacuum
tubes in which there are three electrodes
are called triodes. Hence, when the grid
is given a negative charge with respect
to the cathode, it repels the electronic
flow to the plate, resulting in a decreased
plate current. “On the other hand, if the
voltage is made high enough, the plate
current will be cut off. The point at which
the flow ceases is called the “cut-off bias,™
and it depends on the grid-to-plate spacing,
as well as the closeness of mesh of the
grid structure. When the potential on the
grid is made positive with respect to the
cathode, electrons are attracted away from
the space charge area surrounding the cath-
ode and are speeded on through and past
the grid structure on to the plate with
increased velocity. This increases the plate

current.
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Some of the electrons are intercepted by
the grid and flow back to the cathode
through the external grid circuit, but this
grid current is usually quite small in com-
parison to the plate current. The ideal grid
structure would be one that would give high
acceleration to the electron flow when posi-
tive, vet would not intercept any grid cur-
rent. The interception of grid current re-
quires that the source of controlling volt-
age applied to the grid will supply enough
power to swing the grid voltage to the
required positive point, in spite of the
resisting effect of the grid current.

A vacuum tube amplifies the voltage ex-
cursions of the grid by reason of the fact
that the effected change in the plate cur-

rent causes a similar amplified voltage drop
to take place across an imnpedance in series
with the plate circuit.

Tetrodes and Pentodes

The term *“tetrode” and “pentode’ indi-
cate the presence of four and five element
tubes, respectively. .

A tetrode consists of a triode to which

has been added a second grid between the
control grid and the Dlate, The o glides

sually maintatned ot s utial,
with respect to the cathode. The purpose

of this grid is two-fold: first. it accelerates
the electron flow™ from cathode to plate,
thereby improving .the -tube’s ability to
amplify voltage. Second, it provides a
grounded electro-static..screen hetween the
plate and control grid, so that energy will
ngt be fed back to the control grid through
the plate-to-grid capacitance of the tube.
1t the amplification through the tube is
high enough, this feedback, or regeneration
of energy, might set the tube into self-
oscillation, which would destroy its use-
fulness as an amplifier. This regeneration
is put to work in certain detectors and in
all oscillators, but its presence is undesir-
able in most amplifier applications. The
tetrode has several disadvantages, the prin-
cipal 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 po-
tential on the plate becomes less than the
potential on the screen grid, the secondary
elecirons constantly being driven out of the
plate by the impact of those arriving from
the cathode fall into the more positive
screen, instead of falling back into the
plate, as they normally do. This increases
the screen current, and under certain con-
ditions, gives the tube negative resistance.
This effect causes tremendous distortion
in a voltage amplifier and limits the output
of a power amplifier.
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The pentode was developed to avoid this
disadvantage of the tetrode. In this devel+
opment, a thjrd grid is added between the
grid and the plate for the purpose of
shielding the plate from the screen grid,
s0 that the secondary electrons emitted
from the plate will be forced to fall back
into the plate and are prevented from go-
ing over to the screen. This outer grid
in a pentode is called the suppressing d
because it suppresses the secondary elec-
trons driven out of the plate.

Pentodes are highly useful for all class
A voltage and power amplifiers, althongh
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they are not as desirable as triodes in high
efficiency power amplifiers (above 40%
overall efficiency). The main drawback to
the use of tetrodes in high efliciency power
amplifiers is the fact that the presence of
the additional grids raises the plate resist-
ance somewhat more than the amplification
tactor, Thus, the control-grid to plate
transconductance cannot be as high in a
similar triode., Transconductance, as will
be explained in the next few paragraphs,
is the best yardstick of a vacuum tubes’
ability to amplify power, particularly at
high plate efficiencies required by economy
considerations in the construction of radio
transmitters.

Gaseous Conduction

If a diode vacuum tube is evacuated and
then fllled with a gas, such as mercury
vapor, its characteristics and performance
will differ materially from an ordinary
high-vacuum type diode tube.

The principle on which depends the oper-
ation of a gas-filled rectifier is known as the
phenomenon of ionization. Investigations
have shown that electrons emitted by the
hot-cathode in a mercury vapor tube are
accelerated toward the anode (plate) with
sreat velocity., These accelerated electrons
move in the (electrical) force-free space
hetween the hot-cathode and anode, in
which space they collide with mercury
vapor molecules. If the moving electrons
attain a velocity equivalent to falling
through a potential difference of 10.4 volts
(for mercury), they are able to knock elec-
trons out of the atoms with which they
collide. When an electron is separated
from its normal orbit it leaves not as an
electron but as a positive ion. This freed
positive ion will consequently be neutral-
ized by the optional acquisition of a free
electron, Finally the free electrons will be
attracted to the anode or plate as will the
positive ions that have heen separated from
the mercury atoms, which collectively con-
stitute the flow of current in the tube. The
passage of jons and electrons cause more
of the atoins to be broken up by collision so
that the vapor becomes heavily ionized and
transmits a considerable amount of cur-
rent, When the anode is positive, the ions
are repelled and attracted to the cathode,
tending to neutralize the negative space
charge as long as saturation current is not
being drawn, The mechanies of this elec-
tronic effect neutralize the negative space
charge to such a degree that the voltage
drop across the tube is reduced to a very
low value and, in addition, reduces the
heating of the diode plate as well as im-
proving the voltage regulation of the cir-
cuit in which the tube is used. This
ureatly increases the efliciency of rectifica-
tion because the voltage drop aeross any
vacuum tube represents a waste of power,

Grid Controlled Rectifier

A controlled rectifier is a gascous type
of diode employing either mercury, neon or
argon gases, and a control grid. As the
grid does not perform in the same manner
as in the triode, it is necessary to give a
description of the controlling action.

If a grid is placed between the cathode
and the plate in a gaseous tube, the start-
ing of the plate current can be controlled.
A negative bias (or an absence of the re-
quired positive bias, in positive controlled
tubes) prevents the flow of electrons from
starting, However, once the flow begins,
and the gas has become ionized, the grid
loses all control over the electron stream.
After starting, the grid neither modulates,

lirnits, nor extinguishes the discharge.
Herein lies the fundamental difference be-
tween high vacuum tubes and grid con-

trolled rectifiers, The grid can regain con-
trol and prevent the passage of current if
the potential on the plate is lowered to
below the ionization voltage of the conduct-
ing vapor or gas. The time for de-ioniza-
tion is very short; hence, interrupting
the plate currvent for a few micro-seconds
allows the grid to regain control.

If an AC voltage is applied to the plate,
the grid is permitted to regain control after
every positive half-cyele when the plate
goes negative. In addition, the grid can
delay the start of jonization for as long a
period during the positive half cycle, as
long as the grid bias voltage is sufficiently
negative, In this manner, the egrid can
control the average current flowing through
the tube if both plate and grid are supplied
with A, and the phase relation between
the grid and plate voltage are adjusted to
either increase or decrease the frequency
or time of ionization.

Grid controlled rectifiers are mere com-
monly known by their trade names—"“Thy-
raton” (General FEleetric Co.) and "Grid
Glow Tubes” (Westinghouse Company).
For the amateur, the tubes are quite useful
in varying the output of DC power sup-
plies,  Grid controlled rectifiers are also
used in keying CW transmitters, or in
applying carrier control to the plate power
supply of a modulated amplifier.

The use of gaseous conduction tubes are
limited to very low frequencies, such as
500 cyeles and lower. The tubes are un-
stable at higsh-frequencies due to the finite
time required for the internal gas to de-
ionize after each cycle of conduction,

Yacuum Tube Characteristics

The characteristics of a vacuumn tube are
the electrical properties which describe its

ability to perform various functions. These
characteristics are obtained by operating

a vacuum tube under certain known elec-
trode voltages, and then measuring the

electrode currents. By plotting the change
in any electrode current as any one of the
electrodes voltages are likewise varied, a
characteristic curve is obtained. When a
negligible amount of impedance is inserted
in the plate circuit of a tube and different
(" potentials are applied to the tube elec-
trodes, and should the variations in elec-
trode current be graphically plotted on
cross-section paper, the results are known
as the tubes' static characteristic curve.
On the other hand, if there is an impedance
in the plate circuit, the plate voltage will

vary with the plate current; hence, if a
pure resistive impedance is placed in the
plate circuit, and an AC voltage is im-

pressed on the control-grid under various
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conditions of DC potentials on the elec-
trodes, and if the variations in current are
plotted on graph paper, the result will be
the dynamic characteristic curve. This
characteristic indicates the performance of
a vacuum tube under actual operating con-
ditions.

From three sets of static curves, it is
possible to calculate in advance the actual
performance of practically any type of
vacuum tube amplifier or detector. Inves-
tigators have done a great deal of work
in developing means by which the optimum
operating conditions for the operation of
class B and C power amplifiers can be ac-
curately 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, cryptically
written as either u, mu, or k, is the ratio
of the change in plate voltage, plate current
constant, to a change in grid voltage in the
opposite direction. For example, if the
plate voltage is changed 20 volts, and if
it requires a change of 2 volts (opposite
polarity) in the control grid voltage to hold
the plate current constant, the amplification

factor is 20/2 or 10, TExpressed as an
equation, it is:
dE,
U= —
dlg

Where d = any small change increment

Ep = variable component of plate
voltage

Where g — variable component of grid
voltage

Plate Resistance

The plate resistance of a vacuum tube is
defined as the ratio of a small change in
plate voltage to the resulting change in
plate current, when the grid voltage is as-
sumed to remain constant. Ior example,
if a change in plate voltage of 20 volts
causes a change in plate current of 10 milli-
amperes (ma.), the plate current resistance
equals 20 divided by .01 ampere (10 ma.),
or 2000 ohms., Expresscd as an equation:

dEp
dlp

It is desirable to make the plate resist-
ance of a tube as low as possible, espe-
cially in power amplifiers where the load
circuit is coupled to the plate in order to
make a more effective impedance match.
This allows the use of a lower plate volt-
age than would otherwise be obtained.

p=

Transconductance

The control grid-plate transconductance
(Sm), formerly called mutual conductance,
combines in one term the u and the plate
resistance of a vacuum tube, and is the

ratio of the first to the second. By intro-
ducing the equations given above for u and
Rp in the ratio defined for transconduct-
ance, it can be seen that the Sm can also
be expressed as the ratio of the change in
plate current to the small change in grid
voltage producing it (plate voltage con-
stant, load resistance zero). Combining the
above ecxpressions, the formula for trans-
conductance can be written:

dEp
u dIS, dlp
Sm= — —_— =
Ry dEp dEg
dal,
Sm is expressed in MHOs, the unit

of conductance.

Note that it is ohm spelled backwards;
this is logical, since conductance is the re-
ciprocal of resistance.

To illustrate an example of transconduct-
ance, take the case where ratio of the dlp
to dEg equals Sm; hence, if a grid voltage
change of 5 volts causes a plate current
change of 10 ma., the transconductance is
.04 divided by 5, or 0.002 mho.

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 I
change in ma. by 1000, the Sm obtained is
directly in micromhos.

Vacuum Tube Amplification

A tube amplifies by reason of the fact
that a small change in grid voltage pro-
duces a larger change in plate current than
would be produced by the same change in
plate voltage. See Figure 11. This func-
tion can be applied in many ways, depend-
ing upon the result desired.

Vacuum tubes can be classified into two
general categories, according to application
and operating characteristics.

In gencral, vacuum tubes may be classi-
fied into four groups, according to their
principal application. These are:

Voltage amplifiers

Power amplifiers

Current amplifiers
General purpose amplifiers

A voltage amplifier tube usually has a
very high mu and finds its greatest use
where tremendous voltage amplification is
desired. This type of tube, like the type
57, must feed into a high impedance device
like the grid of another vacuum tube for
maximum voltage amplification. High mu
tubes are used mostly as radio and inter-
mediate-frequency amplifiers.

A power amplifier tube has a relatively
low amplification factor and is used where
the primary consideration requires a maxi-
mum amount of undistorted output. For
maximum power transfer the load im-
pedances must be properly matched to the
plate resistance, which is generally of a
low value. In power tubes, the output
increases with great rapidity as the plate
voltage is increased; hence, for maximum
transfer, power tubes are operated with high
plate voltages.
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A current amplitier tube is one that gives
large changes in plate current for very
small changes in grid voltage; in other
words, a tube having a high Swm will pass
high plate currents; hence, the term *“cur-
rent amplifier,”” The use of these tubes is
mostly confined to electronic industrial ap-

plications and therefore will not be dis-
cussed here.
General purpose amplifier tubes have

characteristics between voltage and power
amplifier tubes. The usefulness of this
type of amplifier tube, in radio, is prac-
tically without end; for instance, in volt-
age amplification where a smaller power
output is desired, and where the connect-
ing link is a voltage step-up transformer,
a general purpose triode will supply the
circuit requirements. These tubes are now
used extensively in class B or C power
amplifler.

From the foregoing it can be seen that
vacuum tubes may be employed in a wide
variety of ways, depending on the resuilt
desired. In addition to the above classi-
fication there are three principal types of
tube ampliflers and two secondary types.
These types differ largely in the 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
dynamic characteristic curve. This is the
usual condition of operating vacuum tubes,
since the input impedance is then very high
and very little energy is required to con-
trol the tube. In this type of amplifier,
plate current flows the whole AC cycle, or
360 degrees. The average plate current
waveform is independent of the signal or
exciting voltage.

Class A amplifiers are used in all RI",
IF and low level audio amplifiers in re-
ceivers. 1t 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.

Glass B Amplifier

The class B amplifier is always biased to
the point known as the “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 u,
or ampliflcation factor (not applicable to
pentodes). It can also be determined by
extending the lincar portion of the dy-
namic characteristic down to the zero
plate current line and reading the nega-
tive bias intercepted at that point. 1In
class B amplifiers, the useful plate-current
flow should last for exactly 180 electrical
degrees, or one-half 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. Tt will also give
distortionless amplification of a radio-fre-
quency wave that has been modulated in
some preceding stage of a transmitter.

Class B is characterized by maximum plate
efficiencies from 40 to 70 per cent, depend-
ing upon application. This type amplifier
is practically a compromise between power
gain and power output, when functioning
as an amplifier of unmodulated radio-fre-
quency power. For audio-frequencies, it is
necessary to use two tubes in push-pull
in order to eliminate high distortion. As
an audio-amplifier, the plate input varies
widely with the signal, but the input re-
mains constant when amplifying a modu-
lated radio-frequency wave. At audio-fre-
quencies the power output is proportional
to the square of the grid excitation voltage.

Class C Amplifier

The class C anmplitier is biased consider-
ably bevond the cut-off, and requires the ap-
plication of a high amplitude signal voltage
to carry the grid positive. Plate current
flows for less than 180 degrees and the pul-
sating power pulses are usually quite
peaked, which renders this type of amplifier
unfit for distortionless amplification. How-
ever, for radio-frequency amplifiers and
vacuum tube oscillators it is customary to
use some type of class C amplifier. The
characteristics of the amplifier render it
capable of very high plate efliciency and
power output, although the power gain
drops as the plate efficiency and power
output go up. In general, the output varies
as the square of the plate voltage within
limits. A common use for a class C ampli-
tier is that of functioning as a plate modu-
lated RI' power amplifier, in which case
the grid must be biased to at least twice
the cut-off.

Class AB Amplifier

The class AB amplifier is biased some-
where hetween the class A and the class B
points. I’late current flows for more than
180 denrees, but less than 360 degrees. The
plate efticiency and power output are inter-
mediate between class A and B, and tubes
with low u are often adaptable to this class
of service. Amplifiers of this class are
almost exclusively used for audio-frequen-
cies which are generally operated in push-
pull to avoid distortion. The class AB
amplifler was formerly called the class A
Primme Anplifler.

Class BC Amplifier

The class BC amplifier is biased some-
what beyond the cut-off, and thus plate
current flows for less than 180 degrees.
The only applications of the class BC am-
plifier at the present time are the modula-
tion gaining RF linear amplifier and the
zrid bias modulated RF amptifier. Tn both
these amplifiers, fixed low resistance bias
equal to ‘‘theoretical cut-off” is supple-
mented by approximately an equal amount
of cathode resistor bias. This arrangement
permits the angle of plate current flow to
be constant and independent of the audio
modulation signal, even though the actual
plate current flow is less than 180 degrees.
The power output, plate efficiency and
power gain are intermediate between class
B and C.
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Detection

Detection is a process by which the audio
modulation is separated from the radio-
frequency signal carrier at the receiver.
Detection always involves rectification or
non-linear amplification of an AC current.
All other types of detectors or demodu-
lators provide exactly the same rectification
except the triode, tetrode and pentode de-
tectors which, in addition, combine the
function of amplification to such an ad-
vantage that more over-all amplification can
be obtained with fewer tubes.

There are two types of detectors used in
radio; these are the plate and grid detectors.
How each of these function are briefly de-
scribed below.
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Showing how the average plate current increases.

Showing how the average plate current decreases.

The plate detector (or bias detector),
sometimes improperly called power detec-
tor, amplifies the radio-frequency wave and
then rectifies it and passes the audio-signal
component on to the succeeding audio am-
plifier. The 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 13 amplifier. ’late
detectors can he either of the weak signal
or power type. The plate current is quite
low in the absence of a signal and the
audio component is evidenced by an in-
crease in the average unmodulated plate
current, The grid detector differs from the
plate detector, as will be evidenced in the
subsequent explanation.

The grid detector rectifies in the grid cir-
cilit and then amplifies the resulting audio
signal. The only source of grid bias is
the grid leak, so that the plate current is

maximum when no signal is present. This
detector works on the upper, or saturation,
bend of its curve at a high plate voltage,
and the demodulated signal appears as an
audio-frequency decrease in the average
plate current. However, at low plate volt-
age most of the rectification usually takes
place as a result of the curvature in the
grid characteristic. As with plate detec-
tors, grid detectors can be either of the
weak signal or power type. Ry proper
choice of grid leak and plate voltage, dis-
tortion can be held to a small value. The
grid detector absorbs some power from the
preceding stage because of drawing grid
current. The higher gain through the grid
detector does not indicate that it is more
sensitive. Dectector sensitivity is a matter
of rectification efficiency, not amplification
alone.

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

Oscillation

The ability of an amplifier tube to con-
trol power enables it to function as an
oscillator in a suitable circuit. By coup-
ling part of the amplified output back into
the input circuit, sustained oscillations will
he generated; that is, if the input voltage
to the grid is of the proper magnitude and
phase with respect to the plate. In gen-
eral, the voltage fed back and applied to
the grid must be approxinately 1%0 degrees
out of phase with the voltage across the
load impedance in the plate circuit and, in
addition, have sufficient magnitude to de-
velop the necessary grid voltage. The volt-
age swings are limited by the circuit losses
and are of a frequency depending upon cir-
cuit conditions.

\When a parallel resonant circuit consist-
ing of an inductance and a capacitance
(LC) is inserted in series with the plate
circnit of an amplifier tube and connected
so that the potential drop across its ter-
minals is impressed on the grid in the same
tube 180 degrees out of phase, amplification
of the potential across the LC circuit will
result. The potential would increase to
an unrestricted value were it not for the
limited range of linearity of the tube char-
acteristic and the limited voltage available
on the plate. Therefore, a value will even-
tually be reached limiting the amplitude
of oscillation. When this value is attained,
the process of amplification reverses, re-
duecing the voltage across the LC circuit
as quickly as it had been raised a moment
before. When the voltage across the reso-
nant circuit reaches zero, it reverses, and
is developed to another value having the
same amplitude but of opposite polarity;
at the point of the greatest voltage swing,
amplification again reverses, and the proc-
ess continues indefinitely,

The frequency range of an oscillator can
be made very great; thus, by varying the
circuit constants, oscillations from a few
cycles per second up to many millions can
be generated. One of the unique properties
of an oscillator is that it can oscillate at



AAA

Oscillation

AAA 25

more than one frequency at the same time;
these frequencies are called harmonics.
One of the most common types of oscil-
lator circuits known is called the “Hartley
Oscillator,” a diagram of which is shown,

SHUNT FED HARTLEY
008 RFC
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In this circuit the plate and grid induct-
ances together with the tank condenser
form an oscillatory circuit known as the
tank circuit. If the condenser in this cir-
cuit be charged, then allowed to discharge
through the plate and grid inductances as
shown, the current flow would be alternat-
ing and ot decreasing magnitude. The fre-
quency is determined hy the size of the
condenser and inductances and is equal to:

1
27 v LC

Where f, the cycles per second; L., in
henrys; and C, in farads.

The decrease in amplitude is due to losses
in the tank circuit and to the energy deliv-
ered to the output. If sufficient energy be
supplied to this circuit, during each cycle,
to supply the losses and power output per
cycle, the amplitude of the current would
remain unchanged, The function of the
vacuum tube is to deliver the required en-
ergy to the tank circuit.

As the energy stored in the tank circuit
alternates, there will be a time when the
grid will he charged positively with re-

spect to the filament. A large direct-cur-
rent plate current will flow under the in-
fluence of this positive grid potential, build-
ing up the field and storing energy in the
plate choke (inductance). At a time of
one-half cycle later the grid will be nega-
tive, thereby greatly decreasing the flow
of plate eurrent and causing the plate choke
to discharge its energy into the tank cir-
cuit. This discharge occurs once each
cycle and thereby the necessary energy is
delivered to the tank circuit to maintain
oscillations of constant magnitude.

When the grid is positive with respect
to the fllament, electrons leak back to the
cathode via the grid leak and condenser.
If the value of this RC path is high, a
high effective grid bias results, making the
tube function as a class C amplifier. This
results in maximum output and high effi-
ciency.

The best way to classify regenerative
vacuum tube oscillators is by the feedback
coupling method. All such oscillators use
either capacitive or inductive coupling from
the plate circuit back into the grid circuit.
Usually very low-frequency oscillators (be-

low 100 KC) use some form of inductive
coupling, while high-frequency oscillators

(100 to 100,000 KC) are capacitively or in-
Auctively coupled: however, for frequencies
higher than 100,000 K¢, only capacitive
feedback is required.

At frequencies above 100,000 KC (3
meters) the effectiveness of the regener-
ative oscillator drops off rapidly because
the time of flight from the electrons be-
tween the grid- and plate becomes a large
fraction of one cycle of oscillation. The
losses in regenerative oscillators also be-
come so large at these frequencies that the
plate circuit is incapable 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 Barkhausen-Kurz oscillators,
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RECEIVERS

Elements of Tuning Inductances

Resonant cireuits are the major elec-
trical tuning units in all amateur, com-
munication, and broadcast receivers. The

importance attached to the tuning circuit
and other associated elements requires a
detailed analysis; however, the following
considerations are all that are necessary.

Electro-magnetic and
Electro-static Coupling

When an electro-magnetic wave is inter-
cepted by an antenna, a small radio-fre-
quency voltage is induced in the conductor,
which surges to-and-fro in an oscillatory
manner, Tapping the antenna at a suitable
point by a lead-in or feeder and causing the
voltage to pass through an inductance will
produce i current in the coil in propor-
tion to its reactance.

Assuming that the inductance in the
antenna circuit is untuned; that is, an in-
ductance without any shunt capacity, the
voltage induced across the coil will be equal
to the current times the inductive resist-
ance. lience, anything done to increase the
voltage developed across the coil will also
increase its magnetic flux; and further-
more, when a secondary winding is coupled
to the antenna coil a greater voltage will
be induced on account of the increased fiux
density cuttinz the secondary inductors.
Anything to cause the antenna voltage to
increase, beforc being applied to the grid
of the detector tube, will augment the over-
all amplification of the signal strength.

Now, by changing the untuned antenna coil
to a tuned parallel resonant circuit by the
simple expedient of adding a variable ca-
pacity across the inductance, the voltage
will no longer equal the current times the
inductive reactance;.but, instead, will equal
the current times the ratio of the reactance
and resistance. The impedance of such a
circuit drops off rather rapidly at either
side of resonance; the voltage, and conse-
quently the signal dimninishes proportion-
ately. In other words, a circuit that is
tuned exactly to the signal frequency will
give considerably more gain than one that
is untuned or that may differ in some re-
spects from the resonant frequency by an
appreciable amount.

The energy from the antenna can be con-
nected directly across a coil and induced
into another coil without being physicaily
connected to the former; this is known as
inductive coupling. On the other hand, if
the energy is connected across the plates
of a condenser, then fed to the grid side
of the coupling coil, the connection is known
as electro-static coupling. From the fore-
going explanations it will be apparent
that this type of coupling has no voltage
gain in itself, and is therefore inferior,
though possibly more convenient to use
than inductive coupling.

Whenever an antenna circuit is coupled
closely to the grid circuit, some electro-
static coupling is bound to exist, due to the
capacity between the metals in the respec-

tive coils. A combination of coupling is
undesirable in most cases, since electro-
static coupling permits steep wave-front
voltages, such as static and noise, to have
greater paralyzing effect on the grid. 1’ure
inductive coupling is only practicable if the
separation between the two coils is made
large, or through the use of an elcctro-
static shield, conmonly known as a "Fara-
day screen.”

In inductively coupled circunits, the ampli-
tude of the induced voltage will depend
upon the strength of the magnetic field set
up, the proximity of the two *“coils” and
the impedance of the grid circuit to the
particular frequency.

The impedance of the grid will fol-
low the same rules set forth for the an-
tenna circuit, since they are both parallel
resonant circuits and are both maintained
it resonance with the incoming frequency.
At this point it is necessary to take into
consideration another property of resonant
circuits known as the “Q.”

"Q" of Resonant Circuits

Q" may be delined as the inductive re-
actance divided by the resistance. The Q of
a coil is the factor of merit; the higher the
Q, the bhetter the coil. Authorities differ
quite widely on the ideal shape for a colil,
but, in general, agree that very long, or
very short coils are to be avoided. A coil
whose length is approximately equal to its
diameter is often considered best.

The diameter of the wire used to form
the coil also has a definite influence on the
). Hence the wire size should be as large
as possible to get into a given winding
space. NOTE: Practically all the re-
sistance in a parallel resonant circuit is
contributed by the induectance; the con-
denser, if well designed, has negligible re-
sistance. But nearly all the resistance in
the inductance is contributed by the “skin
effect.’” This effect increases almost di-
rectly with frequency and is introduced at
high-frequencies because the current is not
equally distributed throughout the con-
ductor, but travels only on the outermost
surface. Thus, in order to provide ample
surface for the current to pass along, it
is necessary to use a much larger size con-
ductor than would be the case if the cur-
rent was equally distributed throughout the
conductor.

Rounad conductors are always Dbetter 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 den-
sity at the edges, with low density on the
sides.

Distributed capacity, or the capacity ex-
isting between successive turns and also be-
tween these turns and the ends, is to he
avoided in any receiver coil, since this
capacity has the effect of lowering the Q.
Space winding is one means of lessening
this effect. WWhere the conductor is large
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in diameter, ~“space winding” reduces the
skin-effect, due to currents set up in ad-
jacent turns, Dielectric loss due to poor
insulating material in coil forms also has
the bad effect of lowering the Q.

Summarizing: The ideal inductance would
be one having the following properties:

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

2—Entirely air-supported. Since this
condition is practically impossible, a com-
promise must be adopted taking the form
of a coil support of a low-loss dielectric,
such as Isolantite.

3—A wire size of ample proportions. This
must also he a compromise, since with ex-
cessive wire diameters the skin-effect and
distributed capacity more than offset the
gain due to increased surface. For all
practical purposes a wire size larger than
No. 16 need not he used in receiver coil
design.

4—A space type of winding., The spacing
will be more or less governed by the length-
to-diameter rule. TIn general, the spacing
ought not to exceced twice the diameter of
the coil.

Considering the coil and condenser as a
unit (a parallel resonant circuit). it is re-
quired in good design to adhere to the
following:

1—In order for the circuit Q to be as
high as possible, the inductance-to-eapacity
ratio should he very high.

2-—The tuning condenser should have ex-
eellent mechanical and electrical properties
and be preferably insulated with lsolanite,
or similar material, Some type of pig-tail
conneetion or positive wiping contaet must
he included in the assembly for contacting
the rotor: thisx reduces high-resistanee dur-
ing rotation.

Selecting a Receiver

The selection of the proper type of re-
eceiver best suited to one’s needs is a prob-
lem that confronts every beginner. Inci-
dentally., there are practically as many
types of receivers as there are kinds of ama-
teurs. No perfect receiver exists for all-
around operation under all operating con-
ditions; hence, it is largely the personal
choice of the operator that governs the
receiver type. All receivers represent a
compromise hetween such factors as cost,
size, aceessibility, convenience, dependabil-
ity, versatility, output desired and the pur-
pose for which it is to be used.

If a receiver is to be built, instead of
being purchased, and if the constructor has
had no experience in receiver construction,
it is advisable to first build the more sim-
ple types of receivers, using from one to
threc tuhes, instead of the more compli-
ecated multi-tube superheterodyne receivers,
which may have from six to twelve or more
tubes.

The eonstructor who chooses the regen-
erative autodyne receiver must weigh the
compromises involved in its design. If the
receiver is located in a metropolitan area.
where power lines, street cars, oil furnaces
and other sources of man-made static inter-
ference are prevalent, the receiver must be
particnlarly well shielded. Tf the set is
battery-onerated, the noise pick-up will he

minimized, as no interference will be intro-
duced through AC power lines feeding a
mains-operated plate or fllament supply. If
the receiver is used in the country, remote
trom man-made static, shielding is a mat-
ter of lesser importance, and thus a some-
what simpler receiver will give entirely
satisfactory results.

If a receiver is located in the neighbor-
hood of a powerful radio transmitter, the
strong radiations may block or paralvze
the RI® or detector circuits, making it nec-
essary to provide a tuned stage of radio-
frequency ampliflcation or some other form
of volume control to obtain satisfactory
selectivity. At the same time it may also
be necessary to choose a somewhat less sen-
sitive detector circuit in order to make the
detector less susceptible to overload.

One of the salient points of receiver con-
struction is that of cost. The actual de-
sign of a receiver is a simple problem.
Of course, the design may become complex
if all late engineering reflnements are in-
corporated into the construction. In gen-
eral, the most elaborately designed receiver
is actually more modest in cost than might
otherwise be expected. Although every set
huilder will desire the most expensive coil
forms, tuning condensers and vernier dials.
it is essential to strive for a happy medium
when selecting a receiver circuit which
makes the hest use of the parts available.

A reeeiver which is to operate on 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-shread arrangement of condenser com-
hinations which give excellent results on
20 meters will not be satisfactory when
used to cover the 1f0-meter band. Thus,
if the eonstruetor desires to operate on
two such widely different frequencies, a
sacrifiece must be made of both convenience
and eflicieney on one or hoth of these hands.

Methods of Band-Spreading

Band-spreading i8 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 therefore it is
diflicult to design a dial and drive mech-
anism which will cover the desired ranges.
vet still provide sufficient “vernier” (geared
down) drive so that weak signals
will not be passed over without hearing
them. 1n newer all-wave broadcast receiv-
ers this problem is solved hy the use of a
two-speed dial arrangement, the low re-

duetion being provided for rough tuning
and the high reduction for fine tuning.
This is usually accomplished mechanieally

by means of planetary gear. The system
is quite satisfactory, hut rather difficult to
manufacture by the average amateur or
experimenter. 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
circuit for tuning purposes. In order to
ohtain a small variation in tuning it is es-
sential that the capacity be increased or
decreased by a small amount, 'rHowever,
diffienlty is encountered in varying the ca-
paeity of a large condenser by small incre-
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ments or decrements, but in an electrical
band-spreading system utilizing two tuning
condensers—one large condenser to give
rough tuning, the other, a very small con-
denser (two or three plates) may be con-
nected in a wide variety of combinations
to give the electrical effect of ‘‘flne” or
“‘vernier” tuning. The first system is shown
in Figure la. It is the most common sys-
tem and consists of a small condenser C,,
connected directly in parallel with the large
condenser ;. In most high-frequency re-
ceivers the capacity of C; will be chosen
so that the coil and the condenser combina-
tion will cover a frequency range of be-
tween 2-and-3-to-1, The condenser C; is
much smaller than C; and will often be
chosen so as to cover a band of approxi-
mately 1000KC,

Iigure 1b 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 Figure
1b must be considerably larger in capacity
than the corresponding condensers in Fig-

METHODS OF BAND SPREADING
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ure la in order to cover the same frequency
ranges. IBBoth of the systems shown in
Figures la and 1b have the disadvantage
in that the degree of band-spread varies
with the tuning of (°;, 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 hand-spread
tor 20 meters. In Figure 1c the band-
spread effect can be kept constant over a
wide range of frequencies by tapping the
band-spread condenser across part of a
coil, instead of being tapped across the en-
tire coil, as in ¥igure la. The position of
the tap varies with frequeney. On the
larger low-frequency coils, the tap will bhe
placed near the top of the e¢oil. On small
high-frequency coils. the tap will be placed
proportionately farther down on the coil
in order to maintain an approximately con-
stant degree of band-spread. This system
has the disadvantage in that some selectiv-
ity is lost in the tuned circuit. TFigure 14d
shows another means of equalizing the de-
gree of band-spread over a wide range of
frequencies. (, is the conventional large
tuning condenser of hetween 140 and 350
mmfad. C, and Cy are both band-spread eon-
densers. (. has approximately 50 mmfids.
for band-spreading the 80 and 160 meter
bands; Cy, from 15 to 20 mnnfd.. is best for
use on the 40 and 20 meter bands. The
proper condenser is chosen by means of
switches, as shown in the accompanying
tigure. A disadvantage of switching is
that rather long leads are required, as well
as a possibility of losses in the switch con-
tact.

Plug-in Coils

Practically all regenerative receivers use
plug-in coils, This is also true of some of
the highest-priced amateur receivers and
commercial superheterodynes. The advan-
tages of plug-in coils are only obtained
when low-loss materials and low-loss design
are featured as a complement. The very
best low-loss coil form is “‘dry-air.” or self-
supported coil winding. Next best are the
ceramic forms which use Isolantite, Myca-
lex, or their equivalents. Then follow the
special mica compounds, such as the XP-53
and R-39 compounds. Whereas celluloid is
a more inferior dielectric than the afore-
mentioned materials, its advantage is that
a very thin form will serve as an excellent
coil support. 1n addition, because losses are
a function of the volume of dielectric ma-
terial in an electric field, the thin celluloid
makes possible the construction of an ex-
tremely low-loss coil form.

Wire for Coil Winding

Bare wire, having as large a diameter as
possible, is better than insulated wire in
winding coils, because the larger the wire
diameter, the lower will he the radio-fre-
quency resistance. In coil winding, the
space-wound method is superior to others,
while grooved coil forms are undesirable
an account of increasing distributed capac-

ity. It is essential that all coils be placed
as far away as possible trom metallic
shields or other metal bodies, such as the

chassis.



AAA

Receiver Design

AAA 29

Coil Winding Data for Simple Receivers

Coil winding tables vary with
of the coil form used.

the size
The standard form

is 1% inches outside diameter. A table
is given below for the number of turns
required on a coil form, to cover the four
popular amateur bands. If forms larger
than 1% inches in diameter are on hand,
obviously fewer turns will be required.
Conversely, a smaller form will require a

greater number of turns per coil. It is a
simple matter to use the ‘“cut and try”
method when winding coils; however, the
accompanying table will greatly simplify
matters. It is assumed that the coils are
to be wound on standard forms and tuned
with a 100 uutfd. 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 diamg'rers. wound.
18 turns, No. 22
40 M DSC wire, spac- | Ditto.
ed ong_giia_rpe'rer_.
36 turns, No.22 |6 turns, No.22
80 M DSC wire, close DSC, close
wound. wound.
72 turns, No.32 ! turns, No, 22
DSC or SCC DSC or SCC,
160 M wire, close close wound.
wound.

Spacing between secondary and tickler coils
to be Vg-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.

L2 Li
+

- b L

r
coiL FORth ‘\ SECONDARY
VIEWED FR
SOTTOM TICKLER

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

Tickler Winding

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

The Detector in a Regenerative
Autodyne
The detector is the heart of the regener-

ative autodyne receiver, and a wide variety
of tubes may be used for this purpose, each

having certain advantages and disadvan-
tages. The four most commonly used de-

tector tubes are the 76 and 6C6, for opera-
tion from house lighting current, and the
30 and 32 types for battery-operated sets.
The 76 and 30 are triodes, while the 606
and 22 are screen-grid types. Screen-grid
detectors are somewhat more sensitive than
triodes, although are more susceptible to
overload and more ditficult to get going. In
place of the 6C6 or 32, it is often desirable
to utilize a tube with a variable mu, such
as the 6D6 or 34, This type of tube is
slightly less susceptible to overload than
the sharp eut-off detectors, such as the 6C6
and 32. Variable mu tubes afford a smoother
control of regeneration but necessitate a
sacrifice in sensitivity.

The 24, 36 and #7 tubes are very similar
to the 66, By the same token, the 39 and
68 are similar to the 6D6. Il.ikewise the
27, 37 and 56 will act exactly like the 76
in most circuits. In the bhattery-operated
fleld there is less choice, although the Y9,
201A and 12A are quite similar in charac-
teristics to the 30, and type 22 can be used
in a circuit designed for a 32.

Audio Coupling

The detector can be coupled to an audio
amplifier in three different ways, which are
known as resistance coupling, impedance
coupling, and transformer coupling.

In general, resistance coupling is the least
desirable of the three methods when work-
ing out of a regenerative detector, because
the guestion of fldelity is relatively unimpor-
tant and fidelity is the principal advantage
of a resistance coupled amplifier. Resist-
ance 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 dis-
tributed capacity so that any radio-fre-
quency present is easily by-passed to
ground. The only disadvantage of imped-
ance coupling is that it affords no voltage
step-up, as does transformer coupling. An
impedance to work out of a triode detector
should be approximately 30 henrys 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 henrys at 5 milliamperes.

Transformer coupling is unsuited when
using a screen-grid or pentode detector.
although 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.

Impedance or transformer coupling sonic-
times gives trouble, due to fringe audio
howl in a regenerative receiver. A 50,000
to 250,000 ohm resistor shunted across the
impedanee coil or transformer secondary
will usually eure this trouble,
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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 amplifica-
tion will ordinarily suffice; for example, a
triode type 76, in the first stage, and a pen-
tode, such as a 41, in the second stage.

If headphone operation is desired, the
second stage may be eliminated and the
phones connected in the plate circuit of the
first amplifier stage. For loudspeaker use,
pentodes are recommended, such as types
38, 41, 42, 47, 59, 89, 33, or 43. Triodes may
also be used, but will require somewhat
more amplification; they are the 12A, 71A,
45, 46, 2A3, 31, 120, and others.

Any of the following tubes are entirely
satisfactory for headphone reception in the
audio stage: 99, 30, 201A, 112A, 27, 37, 56,
76 and either of the following pentodes
when connected as triodes (screen and sup-
pressor grids tied to plate): 57 and 6C6.

Notes for Set Builders

SOCKETS: The socket material is as im-
portant as the material from which the
coil forms are made, hecause the socket is
in the direct field of the coil. In receiver
construction it is essential that only the
very best material is used in socket assem-
blies; thus, ceramic. Isolantite and other
good insulators will suflice.

LIEADS AND CONNECTIONS: Leads to
the tube socket and tuning condenser must
be short and direct, sharp bends being
avoided whenever possible. All joints must
be carefully soldered with rosin-core solder,
and a clean, hot iron should be used for all
soldering operations. Make all connecting
wires mechanically secure to all connecting
points and keep all wiring well remote from
metal shielding and chassis.

CALCULATING FILAMENT DROPPING
RESTSTOR VALUES: It is important that
the fllaments of all tubes, either in a trans-
mitter or receiver, he operated at the rated
filament voltage. If the voltage is too low
or too high, tube life is materially reduced.
When in doubt, it is advisable to operate
the filament at a slightly higher than nor-
mal voltage, rather than at lower voltage.
The value of a filament resistor can be cal-
culated by means of Ohm’'s Law, a very
simple formula which indicates the rela-
tionship between voltage, current and re-
sistance. If any two are known, the third
can be determined. The three forms of this
equation are:

E E
E=1IR n=— 1= —
I R

Where E = the voltage; I, current (am-
peres); R, resistance (ohms).

For example, assume the two type 30
tubes are being operated with their fila-
ments in parallel and a 3 volt battery is
to supply the filament power. But, since
3 volts is too high, it must be dropped to 2
volts through a series dropping resistor,
which will give the normal operating volt-
age. To calculate the value of the series
resistor, it is first necessary to determine

the current drawn by the two tubes. The
current in this case is 120 milliamperes. or
.12 amperes. From the equation R = E/I,
the resistance is computed by dividing the
desired voltage drop by one volt (which
is “I” in this case) by 12/100, which is the
same as multiplying 100/12. The equation
then is 1/1 X 100/12, which equals 8.3 ohms.
Therefore, 8 ohms is the proper vialue of
resistor to use, because fractional value re-
sistors are not obtainable. \When connecting
two tubes in series, it becomes necessary to
provide twice as much heating voltage as
when only one tube is used; however, there
is no increase in heating current. \When the
filaments of two type 30 tubes are con-
nected in series, it is necessary to provide
4 volts at 60 milliamperes (0,06 amperes).
Kither a 434 volt “C” battery or three 1%
volt dry cells connected in series provide a
convenient means for operating the two
tubes in series. The dropping resistor
should be 8 ohms, which is determined by
dividing the voltage drop of 14 volt by the
total filament current of .06 amperes. ('are
should be taken to see that tubes which
draw different values of filament current
are not connected in series unless spe-
cial precautions are taken, as shown in
Figure 2. A shunt resistor must be con-
nected across the filament of the tube draw-
ing the least current, so that the sum of
the current through the resistor, plus the
current through the filament which it
shunts, is equal to the current drawn by
the other tube.

‘300n 32 o '334au0i0
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Fig. 2. Series connection for dissimilar filament
currents,

CALCULATING VALUE OF SELT-
BITASING RESISTORS: In practically all
receivers utilizing either radio or audio
frequency amplifying stages, some method
of self-biasing the grids is employed. This
bias is obtained by inserting a resistor in
the cathode lead return wire and taking
the necessary voltage drop across the re-
sistor. The value of self-biasing resistors
can be calculated by the formula:

grid bias X 1000
Ohms = -

plate current

Thus, for a 45 tube which has a plate
current of 34 ma, for which a grid bias of
50 volts is needed:

50 Volts X 1000
- = 1,470 Ohms
34

The wattage or power consumed in the
resistor equals E X I or .034 X 50 or 1.7
watts. For push-pull amplifiers combine
the plate currents of each tube. For
screen-grid and pentodes use the sum of the
plate and screen currents,
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Simple Receivers
2-Tube "DX-ER"

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

From a casual examination of the sche-
matic diagram it will be seen that the re-
ceiver is of the single-circuit regenerative
type, with tickler feed-back, The place-
ment ot the parts is extremely important
for effective results. As in all receiver de-
xigns where the maximum efficiency is de-
sired, only the highest quality of parts
should be used. Equipment of inferior de-
sign, carelessly assembled, will not bring
the desired results.

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

0.2 MEG

T
2UDLO TRANS / 30
4

”,

A+ B  BEASY

Simple 2-Tube Regenerative Receiver.

Only two dry-cells and two 45 volt '“B”
atteries are required for complete oper-
ation.

Regeneration is controlled by a 50,000
ohm variable resistor connected across the
tickler leads. The output of the detector
is transformer-coupled to the audio tube
by a shielded transformer having a ratio
of 1 to 5. A load resistor of 200,000 ohms
is connected across the secondary of the
audio-transformer to eliminate any possi-
bility of “fringe howl.”

The antenna is coupled to the tuning coil
by a semi-variable ‘‘postage stamp” con-
denser having a maximum capacity of 80
uufds.

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

OPERATING NOTES: Phone signals are
loudest just below the oscillation point,
and CW signals just above the oscillation
point. When tuning the “DX-ER,” set the

regeneration control to the point where
the detector just starts to oscillate; then
the tuning dial should be carefully turned
until a “whistle” is heard. Careful tuning
at this point and further adjustment of the
regeneration control will bring in the in-
telligible signal.

Simple Receiver With
One Type 19 Tube

This receiver gives surprisingly good vol-
utne on DX signals; it is especially recom-
mended for the beginner who is contem-
plating the design of a simple and inex-
pensive set.

The circuit diagram is self-explanatory;
however, there are some details that need
explanation, The grid and plate connections
must be properly made, as shown in the cir-
cuit diagram. The grid bias is secured by
means of the rheostat in the fillament cir-
cuit.  The constructor, therefore. is cau-
tioned to connect the movable arm of the
rheostat to the negative A, and also to the
negative I on the audio transformer. Best
results are secured with a 5 megohm grid-
leak: smaller values may cause the detector
to regenerate with an unpleasant roar.
Smoother regeneration is sometimes se-
cured by connecting a 250,000 ohm % watt
resistor across the secondary (GJ') termi-
nals of the audio transformer.

Lafg memer e
é—fvm\——é-'—
TWISTED i{ | 28
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s

6 onm
AMEO

__;,_ |
A —

4s-90v

Schematic circuit diagram of the one-tube re-
ceiver. LI is the secondary, or grid coil. L2
is the '"tickler, or regeneration coil.

The band-spread tuning condenser
3-plate midget variable; the tank tuning
condenser is a 50 uufd (or 100 uufd)
midget variable. A 140 uufd. midget vari-
able condenser is used for the regeneration
control, The secondary and tickler coils
are both wound on the same form, and both
coils must be wound in the same direction;
otherwise the detector will not oscillate.

General Construction: The front panel is
made of a piece of No. 12 or No. 14 gauge
aluminum, 7 in. x 9 in. The wood base-
board is 9 in. x 11 in. The band-spread,
tank condenser and regeneration condenser
are mounted directly on the panel and the

is a
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rotors of these condensers are grounded
to the panel. The rotors may be con-
nected together, and the connecting wire
bonded to the ground or panel. An inex-
pensive airplane dial enhances the sym-
metry of the front panel. This dial con-
trols the 3-plate band-spread tuning con-
denser.

Ordinary Fahnestock battery connection-
clips can be used for headphone connec-
tions in place of the phone jack; these con-
nectors can be secured to the baseboard in
any convenient location, preferably near
the audio frequency transformer,

An on-off switch can be added, or the
dry cells can be disconnected from the re-
ceiver when not in use. Two 1%-volt dry
cells are required. These will give excellent
service for a long period of time. The
B-battery voltage may be as low as 22
volts, but at a sacrifice in audio volume;
45 to 90 volts is more suitable for normal
operation, except when the receiver is used
as a portable.  With 22 volts the tickler
coil must be placed very close to the sec-
ondary coil.

Antenna Connection: The antenna is cou-
pled to the “high potential end” of the
secondary coil by a few turus of lead-in
wire twisted around the grid-lead of coil
I.1; a single turn loop wound around the
top of J.1 will give the same results. The
small midget condenser shown in rear-
view photograph of the receiver is con-
nected in series with the antenna lead and
the top lead of LI. Tt can be used as a
substitute for the twisted-wire coupling ar-
rangement.

Noise-Free Two-Tube Autodyne

The circuit of this
tional in every respect. It utilizes a 57
detector in an electron-coupled ‘“‘Hartley”
circnit whiclh has proven so simple to make
oscillate at high frequencies. Regenera-
tion is controlled by varying the screen-
grid voltage by a potentiometer across the
power supply. A RI filter is incorporated
in the plate lead from the detector as a
precaution against spurious RF currents
flowing through the audio impedance. The
audio stage uses a 56 type vacuum tube,
although. a 27 may be substituted. In
general, the circuit includes all reflne-
ments commonly found in standard practice,
except for the filtering of the phone and
power leads, and the link coupling to the
antenna.

The receiver housing is made of alumi-
num, approximately 7% inches deep. The
actual panel dimensions are left to the
discretion of the builder. Inside the hous-
ing is an aluminum sub-panel formed by
making two rectangular, or flat “1J,” bends
two inches deep. Another piece of alu-
minum is closely fitted and fastened to the
bottom of the housing by tapping holes in
% -inch "“dural”’ corner posts which hold the
assembly together. The top is fitted in the
same manner as the bottom, with the ex-
ception that no drilling js necessary —the
top merely rests on the corner posts.

RECEIVER ASSEMBLY: The tuning
condenser is mounted on an aluminum
bracket which rigidly supports it; the
bracket alxo serves to shield the audio

receiver is conven-

COIL DATA

The upper coil is
the grid (secondary)
coil. Start the wind-
ing at point 1, make
the connection to
prong 1. The bot-
tom of the grid coil
(2) connects to
prong 2. The top of ! 'é
the tickler coil (3)
connects to prong 3:

the bottom of the ‘
tickler (4) connects
to prong 4. Mark
the coil prongs and
the coil socket con- i
tacts to correspond | « 3 r}
with these numbers. '\ *°
See the pictorial lay- — .
out to show how the 4 PRONG 30CKET

connections are made to the coil socket. Make cer-
tain that Connection No. 1 goes to the stators of
both tuning condensers, and also to one side of the
.0001 mfd. grid condenser. Likewise, take care to see
that Connection No. 4 goes to the plate of the de-
tector portion (P2) of the type 19 tube. If these
connections are not properly made, the receiver will
not function. The antenna lead-in wire can be looped
around the No. 1 connecting lead.

Lewo

<o,
BOTH WOUND
IN SAME
DIRECTION

ncn,t./(ﬂ
J

COll, FORYM LEGUEND

‘Terminal No. 1 connects to one side of the .0001
mfd. mica fixed condenser and to the stator of
the 100 mmf. (or 50 mmf.) condenser, as well as
to the stator of the 3-plate midget variable
tuning condenser. likewise, the insulated an-
tenna lead-in wire is twisted around the lead
which connects to Terminal No, 1.

Terminal No., 2 connects to the rotors of all
three variable condensers, and at the point
where the three are connected together an-
other lead is run to the “ground” terminal of
the receiver,

Tertninal No. 3 connects to the stator of the 140
mmf. variable condenser which is nused for re-
#eneration, and the same terminal also con-
nects to one end of the 2.5 mh. RF choke,
Terminul No. 1 connects to the P2 terminal on
the type '19 tube,

COLL WINDING DATA

The secondary coil and the tickler coil are
hoth wound in the same direction.

20-Meter Coil; Secondary winding—7 turns of
No. 22 DSC wire, spiace-wound to cover a wind-
ing space of 1-in,

Tickler Winding —5 turns of No. 22 DSC wire,
close-wound, and spaced about l4-in. from the
secondary winding.

40-Meter Coil: Secondary Winding—14 turns of
No. 22 DSC wire, space-wound to cover a wind-
ing space of 1-in.

Tickler Winding—11 turns of No. 22 DSC wire,
close-wound, and spaced Y-in. from secondary
winding.

RO-Meter Coil: Secondary Winding—27 turns of
No. 22 DSC wire, close wound,

Tickler Winding—11 turns of No. 22 DSC wire,
close wound, and spaced '4-in. from seecondary
winding.

160-Meter Coil:  Secondary Winding—60 turns
of No. 22 DSC wire, cloxe-wound.

Tickler Winding—17 turns of No. 32 Enameled
wire, close-wound, and spaced '4-in. from sec-
ondary winding.
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Pictorial layout of parts for I-tube receiver.
This arrangement should be closely adhered to.

Front Panel Layout.
The Controls on the Front Panel Are:

Top, left—‘Tank’ tuning condenser.
Bottom, left—Regeneration condenser.
Center—Airplane tuning dial.
Extreme right—Rheostat control.

The headphone jack is mounted between the airplane dial
and the rheostat control. This jack MUST be insulated
from the metal front panel and a hole at least Ya-inch
larger in diameter than the outside diameter of the screw
thread on the jack should be drilled in the panel.

Four views of the Noise-Free Autodyne, The
center picture shows how the small shield com-
partments are arranged under the chassis.

impedance (choke) from affecting the de-
tector stage, thus eliminating possibility of
“fringe howl.”” The grid leak and condenser
are fastened to the tuning condenser, there-
by making the leads very short to the detec-
tor tube, Only short and direct leads make
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LEGEND FOR THE NOISE-FREE AUTODYNE

L1—Similar to L4, but with fewer turns, depending on type of antenna used. L2-L3—See coil table.
L4—Described in Text. C1—100 mmf. midget variable. C2—20 mmf. National SEU-20. C3—100 mmf. Sangamo,
with grid clip. €4, C5, €10, C11—250 mmf. mica Aerovox postage stamp type. C6, €12, C13—.01 mfd. mica
condensers. C7—!z mfd. 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 grid leak (experiment for noiseless one).
R2—50,000 ohm Centralab variable resistor. R3—4,000 chm 10 watt. R4—15,000 ohm 10 watt. R5—":
m:’uol;m 1 watt. R6—3000 ohm 1 watt. RFC—Good short-wave choke. CH—Old A.F. Transformer or high
inductance choke.

possible the ease by whieh this set oscil-
lates on 28 MC; this, coupled to the fact that
more coil turns are required in the ecircuit COIL DATA FOR L4

than is common in ordinary practice, make 3.5 MC—46 turns No. 30 enameled, close
for a high LC ratio—a prerequisite for high d t d ||/ turns

sensitivity., The plate filter is mounted Wl W] Y7E 2 v up-

above the sub-panel to keep leads short and 7 MC—23 turns No. |8 enameled, spaced
the RF from under the chassis. diameter of wire, tapped 73 turns up.

Under the sub-panel, the wiring arrange- C

ment is completely conventional, with the 14 M I turns No. I8/ename|ed, spaced
exception of the RF filters and the number “/2 diameters, fGPP"d 2/3 turns up.

of by-pass cnndens'.ers. Note, for example. {Above coils wound on Il4-inch five-
that the screen-grid of the detector tube

is by-passed twice—once at the socket of prong coil forms).

the 6C%, and again by a .05 ufd. condenser 28 MC—9 turns No. 14 enameled wound
across the regeneration control. This lat- 3 -in. diameter on air, tapped 1Va turns up.
ter condenser eliminates any noises that T/4|n. ‘e d rbo + |' dP.P f-/a P
may be injected into the circuit by the OB GRS QT /2 ame

sliding contact on the potentiometer. A Each link coupling loop consists of two

simple output filter consists of two .00025
utd. condensers and two RF chokes; the
condensers and phone jack are included in
a speeial shielded can, as may be seen in

turns interwound between the two bottom
turns of each coil.

PADDING COND
—~~ NO 28 WIRE

WOUND AROUND
SEC LEAD

[ WIRES LACQUERED

A 10 parLA

SAWED OFF

| T=THESE ENDS FREC ~ Tvee Bast

L —
" rnest enos soLbEACO

i

Lasec \ U=l ant cor

U "
te—<" |{
~

FARADAY SCREEN R o 1l"-L; ANT coi

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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the photographs. Another shield can en-
closes the power supply RF filter; a con-
figuration made from a pi secction filter of
two .01 ufd. condensers shunted across an
RRF choke inscrted in series with the pos-
itive terminal ot the “B’ battery or power
supply. The two shields are made from
small pieces -of aluminum bent to form
three sides of a box, and another piece, to
serve as top, is made by bending the edges
to fit snugly over the cans.

Proper band-spreading is achieved by
placing padding condensers across the tun-
ing condenser. These condensers are not
shown in the photographs or wiring dia-
grams. Each coil contains its own padding
condenser. 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 spot-
ting of each coil right into the band, and
the more turns, the more capacity; conse-
quently the more band-spread. When the
coil has once been adjusted, the extra wire
is cut off and the connections made per-
manent. NOTE: If the coil does not cover
the band for which it has been designed,
it is only necessary to repeat the spot-
ting adjustments by either lengthening or
shortening the wire wrapped around the
grid lead; only by experimentation can the
best setting be found.

A-C Operated Gainer
An ldeal Amateur Receiver

Of the many two-tube circuits developed
for amateur reception, the improved cir-
cuit shown in the accompanying diagram
will be found superior to others of similar
design. Although series band-spread tun-
ing is shown, the constructor can substitute
parallel band-spread tuning, the latter being
a more simple method for the beginner to
use. If the constructor embodies the
parallel band-spread system in the circuit
design, the variable condenser C; should
have a capacity of 100 mmfds.; this conden-

ser is shunted across coil L;. The band-
spread condenser C. may be a 3 plate
midget, 15-25 mmfds., shunted across ),

the tank condenser.

The receiver may be mounted on a metal
chassis, 9x7 inches, with a "“U" supporting
bend 2 inches high. The space under the
chassis is used for mounting resistors IR3,
R4, R5, R7 and condensers C3, C4, C5, C6,
7, and C8. The regeneration control is

brought out to the front of the panel, as’

are controls R6 (gain) and the band-
spread tuning dial for condenser C,. 'The
tank tuning condenser knob C; should also
be on front of the panel. The grid con-
denser C9 and grid leak Rl are air-sup-
ported above the chassis, close to the grid
cap of the 57 detector. The lead from R2
to the screen of the 57, and the lead from
R5 to the phone jack are run through
shielded braid. Plug-in coils are used in
this receiver. L1 is the secondary coil;
L2, the cathode regeneration coil. Both of
these coils are wound on ordinary 4-prong
tube bases or on standard plug-in coil
forms, 1% or 1% inches in diameter, The
coils are wound as shown in the table un-
der the List of Parts.

[ PHONES

2.5v._ 2,
[XTERBJDAL i 5 ~,.,‘:'ZM~,.
(i T
——Cg TC7 C°T|
é 250v. L

AC '"Gainer” Circuit Diagram

L1—Secondary winding. L2—Tickler winding. C1, C2
—Band-spread condensers, each 100 mmf., for series-band-

spread tuning. C3—.01 mfd. C4—.5 mfd. C5—.1 mfd.
c6, C71, C8—Each .5 mfd. C9—.0001 or .00025 mfd.
C10—.002 mfd. R1—2 megs. R2—50,000 chm potentiom-
eter. R3, R4—Each 10,000 chms, 10 watt. R5—5,000

R6—500,000 ohm potentiometer. RI—
2500 ohms, 1 watt. L3—Iron-core choke (or impedance)
400 henry, or larger. An ordinary audio transformer, with
primary and secondary windings connected in series, tan
also be used at L3. If parallel band-spread is to be used,
C1 and C2 are connected in parallel, instead of in series,
as shown ahove, and C1 should then be a 100 mmf. variable
condenser, C2 a 3-plate (approx. 15 mmf.) band-spread
cendenser of the midget type.

chms, 10 watt.

1.1—20 meters— 8 turns of No. 22 DhCC.
40 meters—16 turns of No. 22 DCC.
S0 meters——32 turns of No. 22 DCU.

1.2~ (Wound on the same form as LI,
spiced about 3/16 ineh away from
[.1Y § turns of No. 22 DCC. (L2 is

the saime for all coils))

The AC "Gainer'" with front panel removed to
show correct arrangement of parts.



36 AAA

The "RADIO" Handbook

AAA

Superheterodyne Receivers

The highest grade receiver for general
amateur use is the superhceterodyne. The
circuit design is more complex than a re-
generative autodyne. One of the salient
points about a superheterodyne is that it
has a remarkable ability to reject undesired
=signals, and is less susceptible to overload
from powerful local transmitters.

In general, superheterodynes may be clas-
sifled according to their uses, because the
ideal superheterodyne for C\W reception dif-
fers in many respects trom the type used
for phone reception. For both classes of
work a superheterodyne must necessarily
be & compromise between the two ideals.

In a superheterodyne exclusively used for
CW  reception, the two most important
points are: (1) extreme selectivity; (2),
treedom from noise. To date no supcerhet-
erodyne has heen designed which is too
selective or too free from noise. A super-
heterodyne for CW must also have particu-
lar attention given to the high-tfrequency
and beat-frequency oscillators, because a
frequency drift in either oscillator of only
@ few cycles, can make the received signal
entirely disappear. This point is less im-
portant in a receiver used for phone on ac-
count of the signal being considerably
broader than a CW signal, and the oscilla-
tor drift, if any, is of little importance.

Conventional automatic volume control

systems have no place in a CW receiver,
which is primarily designed to operate from
carrier.

the  variations in a  continuous

)
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ity in the audio channel. A receiver for
phone generally has more audio amplifica-
tion than a receiver for strict CW reception,
in order to satisfactorily drive a loud-
speaker. This is because the majority of
phone operators prefer loud-speaker recep-
tion, while most of the CW men prefer the
use of headphones, A receiver designed ex-
clusively for phone reception probably
would not reguire a beat-tfrequency oscilia-
tor, while in a C\W receiver it is an essential
device in order to produce an audible beat
tone in the headphones,

A superheterodyne designed for phone use
need not have the extreme selectivity re-
quired for CW as the modulation sidebands

as well as the carrier coming from the
transmitter must be passed through the
receiver for detection. Thus, the conven-

tional type of ‘‘series crystal fllter” (ex-
plained later) is undesirable in a ‘‘phone”
receiver on account of its extreme selectiv-
ity impairing the intelligibility of the re-
ceived voice signal.

Circuit Pre-selection

The question of pre-selection arises in the
design of both CW and phone superhetero-
dynes. Pre-selection ahead of the first de-
tector minimizes "image interference.” An
explanation of image interference requires
a briet outline ot how a superheterodyue
operates,

In superheterodynes, it is important to
note that instead of tuning the major re-
ceiver clements to the incoming signal, it

jf-%’
2uB0 voLuwe |
e

S

Typical All-Wave Superheterodyne with Coil Switching.

Hence, the variations in sensitivity caused
by a CW signal merely make the signal
difficult to read. Likewise, high-fldelity has
no place in a CW receiver. 1In fact, many
of the best CW superheterodynes utilize in-
tentionally-poor audio fldelity by means of
a peaked audio filter which passes the
audio-beat note being received, and sup-
presses all others.

Automatic volume control belongs in a
receiver for phone use, as does good fidel-

remains fixed on one frequency and the re-
ceived signal is then changed in frequency
to the frequency of the intermediate ampli-
fier, which is the real heart of the superhet-
erodyne. This portion of the receiver pro-
vides 90 per cent of the selectivity and
amplification achieved. The undesired image
response is a characteristic of the fre-
quency-changer in the front end, which con-
sists of the first detector and high-fre-
quency oscillator. An incoming signal from
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the antenna is applied to the first detector
or mixing tube, then a second signal, locally
generated by a high-frequency oscillator, is
likewise applied to the mixing tube. The
presence of the two signals combine in the
tube and cause the gencration of sum and
difference beat notes to appear in the mix-
ing tube plate circuit. For example: Sup-
pose the signal coming from the antenna is
exactly 7,000 kilocyeles, and the signal com-
ing from the local 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 14,160 KC
and 160 KC. It is the 460 KC frequency
that is wanted in this particular case, on
account of the intermediate frequency am-
plifier being tuned to this frequency. The
sum frequency (14,160 KC) would be by-
passed to ground in the first intermediate
amplifier transformer, while the difference
frequency is the one usually chosen for
amplification.

While the desired signal was 7,000 KC,
and the local oscillator frequency was 7,160
K, it will be seen that if there is a signal
of 7920 KC present in the antenna and the
first detector circuits, this 7920 K fre-
quency will also ‘“heterodyne” or “beat”
with the local oscillator frequency to pro-
duce a difference frequency of 160 K. De-

is to provide enough tuned circuits, or se-
lectivity, AHICAD of the tirst detector in
order to pre-select the desired signal and
at the same time to reject the image.

Image interference is not always present.
It only occurs when there is a powerful
transmitter in operation on a frequency
twice the intermediate frequency away from
the desired signal being received, Because
the intermediate frequencies chosen in most
amateur work are in the neighborhood of
450 K(C, 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 pro-
duced by other amateur stations, because
none of the commonly-used amateur bands
are 900 KC wide. Thus the interference
most often heard originates from either
commercial or government stations. A se-
lective pre-selector interposed between the
antenna and first detector will eliminate,
or at least minimize, this form of interfer-
ence,

The Super-Gainer

This three tube superheterodyne circuit
has a regenerative first and second detector,
no intermediate-frequency stage, and is se-
lective and sensitive; it answers the prob-

lem which has long confronted the experi-

é ;
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All-Wave Metal Tube Superheterodyne, Hallicrafter’'s Super- Skynder

ilustration courtesy

“Radio News.”

cause one of 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 7920 KC
interfering signal. It is this interfering
signal that has been termed the “image.”
and the frequency of the image signal is al-
most always two times the intermediate
amplifier frequency higher in frequency
than the signal which the operator is trying
to receive. Therefore, the only method by
which the image response can he minimized

menter of limited means. It does not
“block™” on strong, undesired signals.
Technical Details: By employing detector
regeneration at two frequencies, three
tubes do the work of six, as shown in the
unique circuit accompanying this descrip-
tion, On account of regeneration, a sep-
arate 76 tube oscillator is necessary to
prevent interlock or reaction between the
tirst detector and oscillator. The front-
end of this receiver is smiliar to the 222"
dexcribed elsewhere in this section.
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Professional construction characterizes this model of the Jones '

direct leads.

The second detector, a

is the most important component
The tube functions as a re-
generative second detector, beat-frequency
oscillator, and as an additional stage of
Regeneration
.second detector, even when oscillating for
eliminates the need of an
the same token, a separate

new receiver.

audio amplification.

CW reception,
T stage., Ry

'79 twin-triode,

1

Note the short,

'Super-Gainer."

The antenna is coupled to the grid by twisting a few turns of the antenna lead

around the grid lead.

BIFO tube is eliininated. The second triode
only functions as a stage of resistance
coupled audio amplification,

Cathode regeneration is used in the first
section of the 79 tube. The cathode coil
consists of an old BCIL receiver coil of
about 90 turns of No. 30 wire, wound on
a 1%-inch diameter form. The regenera-
tion is controlled by mecans of a tapered

in this

in the
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Front view of the Jones "Super-Gainer."
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Front panel view and under-chassis layout of
alternate design using standard front panel and
"U”.bend chassis.

10,000 ohm variable resistor shunted across
the BCL coil. This latter component is not
directly a part of the 456 KC tuned circuit,
and therefore no trouble is encountered from
a detuning effect on CW for various set-
tings of the regeneration or oscillation con-
trol. A 1000 ohm control may give smooth-
er control.

A\ single Aladdin iron-core IF trans-
former (465 KC) provides sufficient selec-
tivity for this receiver. This unit has a
screw adjustment on the side of the shield-
can which varies the coupling between the
two tuned coils. When the second detector
is made to regenerate it is necessary that
very loose coupling between the circuits be
maintained. For this reason only such
types of IF transformers should be used
which will allow adjustment of coupling.

The main tuning is accomplished by
means of a two-gang double-spaced conden-
ser, originally having 35 mmfd. max. capac-
ity per section. To prevent interlock effect
on 20 meters, an aluminum shield is placed
around the oscillator section of the con-
denser. BBy removing one stator plate from
each of the inside ends of the stators, space
is made available for the ground shield.
The oscillator section of the condenser also
has its front plate removed; thus, this sec-
tion has 7 dielectric spaces between rotor
and stator, while the detector has eight
spaces. The detector band-setting conden-
ser is adjusted for maximum signal or
noise pick-up by advancing the first de-
tector regeneration control; that is, increas-
ing the screen-grid voltage. The cathode-
tap on the first detector coil allows regen-
eration at the signal frequency; variation
of screen-voltage provides a convenient ad-
justment of regeneration. The tube should
never be permitted to oscillate; otherwise it
will bring in undesired stations which will
differ in frequency from the desired sta-
tion by the value of the intermediate fre-
quency.

The antenna is capacitively coupled to
the grid of the 606 by twisting a few turns
of the lead-in wire around the grid lead of
the flrst detector. If the antenna is in-
ductively coupled to the receiver, too much
coupling, as when using a resonant an-
tenna, will prevent sufficient regeneration.

Receiver Adjustments: The second de-
tector must oscillate when its regeneration
control is adjusted. The IF transformer
tuning can then be adjusted to resonance
with the secondary by noting the spot at
which it tends to pull this detector out of
oscillation.

After the second detector is operating
properly, the 76 oscillator can be aligned
on some strong signal, or by a calibrated
modulated oscillator. The flrst detector

All in

RECEIVER COIL DATA

11/ Diameter Forms

Wavelength' L, |

135" winding of 24K,

160 Meters | at 1% turns.

Close wound.

80 Meters

13/4 . Tnp at 3 turn.

I"umza 174" winding
Iwound. Grid on top end. 1.2.

10t 420 #20 DSC, spaccd to cover .3%/', #20DSC,

L. |
of #2415,

L,

" Closc| 12t #24E. Close wound %4 from
Same direction as L2 with
plate on far end.

spaced to cover|St §24E. Close wound L4 from

1/2 Tup at % turn.

a0 Meters'l’t #20DSC, spaced to cover }n 11t #20DSC,

spaced to cover 5t #24E, spaced %" from I.2.

5t #20DSC, spaced to cover%4”. |5
20 Meters ITap at 1j turn. |

5t #20DSC, spaced to cover 73",

?‘/ét #20DSC, spaced 3" from

Tap at 1§ turn.

10 Meters ]3"':‘, #20DSC, spaced to cover l.% 15t #20DSC, spaced to cover 2’/21‘, #20 DSC 34° from L2, and

V" hetween turns
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3-tube "Super-Gainer"

control must not be advanced to the point
of actual oscillation. The antenna coupling
can be adjusted so that it will allow the
first detector to actually oscillate. Al
tests can be made by listening with a head-
set plugged into the telephone jack. The
audio volume is not sufficient for operating
a loudspeaker.

l+8135v

by means of 4 two-gang 20-mmfd. conden-
ser.

Selectivity is obtained from regeneration
in the iron-core intermediate-frequency
transformer. 1In general, the circuit is a
simplitied superheterodyne., The triode por-
tion of the 6F7 is the H.I" oscillator, tuned
to about 456KC higher in frequency than

“

with 2.5 volt heater tubes.

IMPORTANT DATA:

When more than 135 volts plate
supply is used, the H-F oscillator
voltage must be reduced by means
of a 25,000 or 50,000 ohm, | watt | |
resistor, then by-passed to ground
with a 0.1 mfd. condenser. The value
of the second detector cathode re-
sistor should be reduced to approxi-
mately 250 ohms. Smoother second |
detector regeneration can be ob-
tained by using either a 400 ohm or
1,000 ohm variable wire-wound re-
sistor instead of the 10,000 ohm re- |
sistor across the BCL coil. Some-
times a few turns must be added to
the BCL coil when a lower value of
variable resistor is used.

Two - Tube Super - Gainer: Multi-purpose
tubes are used in this receiver producing
results comparable to 6- or T-tube super-
heterodynes. The inherent selectivity of
this set ix greater than that of a tuned RF
receiver and the sensitivity is comparative.

Technical Considerations: A 61°7 dual-
purpose tube scrves as a regenerative first
detector and separate oscillator. A 6A6
double triode performs the functions of
regenerative second detector, beat-oscillator
and audio amplifier. The receiver sensi-
tivity is apparently higher than the three-
tube super-gainer, but has a slizht inter-
lock effect which is encountered on 10 and
20 meters, This effect is practically un-
noticeable after the two band-setting 100-
mmfd. condensers have been properly ad-
justed for any given band. Turning over
any portion of the communication spectrum
between 10 and 160 meters is accomplished

Front view of the 2-tube "'Super-Gainer,” show-
ing shield partition and antenna "condenser”
{twisted lead around grid connection).

the first detector input. The pentode por-
tion of the 6177 is a regenerative first de-
tector with cathode-tap for regeneration
and H.F. oscillator coupling. Screen-grid
voltage variation serves for both volume
and regeneration control.

The LI transformer coupling is set to
a value which will allow regeneration and
oscillation within the range of the tapered
variable resistor control. This control
shunts the 6A6 cathode-coil which consists
of 100 turns of No. 32 DSC wire “jumble-
wound” on a l,-in. diameter rod. The
second detector is by-passed with a .001
mfd. by-pass condenser to ground while the
grid and cathode are above ground poten-
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2-Tube "Super-Gainer"

Layout, 6Ab tube
shield removed.

2-tube "“Super-Gainer"

. |
T T B
T ﬁ'w " i

A
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The circuit diagram. See table on page 42
for coil winding data.
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FRONT PANEL LAYOUT FOR 2-TUBE SUPER-GAINER
METAL PANEL 9"WIDE, 7"HIGH

The front panel is 9” wide, aluminum or steel.

Layout

Pictorial arrangement for correct parts place-
ment.
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Rear view showing shield can for 6A6 tube,
iron-core . F. transformer, detector coil and
detector condenser.
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BATTEAY CABLE SOCKET
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UNDER 03C COIL SOCRET
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Construction of the 2-tube "'Super-Gainer” is simple, if this under-chassis pictorial wiring
plan is carefully followed.

SCRAMBLE WOUND <COIL
q‘] On '/ DOWEL ~ SEE TEXT
4

TO 6A8 PLATE

—— FRONT PANEL NOT SHOWN

tial for REK, or rather 1.I. This torms a
regenerative or oscillating circuit controlled
hy the 23000-ohm variable resistor. The
vilue of the tapered resistor may have a
maximum as high as 5000 or 10,000 ohms;
control, however, taking place in the re-
gion between 0 and 2000 ohms.

The 400-ohm cathode-resistor must he
by-passed with a large low-voltage, elec-
trolytic condenser in order to prevent de-
zenerative amplification (motor-boating).
The detector is resistively coupled into the
audio amplifier part of the 6A6 by low
ohmic resistors,

Antenna coupling is varied by twisting
more or less insulated hook-up wire around
the 617 detector grid-lead until smooth
regeneration is ohtained up to the point of

oscillation. Note: A modulated test oscil-
lator will simplify all preliminary adjust-
ments,

The chassis is about § x § X 13 th inches
with a front panel § x 7 inches. A shield
5 inches high separates the frst detector
and the H.I¥. oscillator coils and tuning
condensers. The latter are ganged by
means of a tlexible shaft coupling, and
tuned by a vernier dial. The two 100-mmfd.
band-setting condensers should be controlled
from the front panel in order to accurately
resonate the detector circuit when using
regeneration. The coil turns may be com-
pressed or expanded before cementing in
place, so as to obtain circuit tracking across
each amateur band., BRoth tubes should be
shielded.

2 TUBE SUPER-GAINER COIL DATA

All Coils Wound on [!4” Diameter Forms

Wavelength L, Detector L. Oscillator L, Tickler
160 134" of 424 E. 114" of f24 E. 20t 724 E.
Tapped at 4 turns. Closewound. Closewound ¢" from L2.
Meters Closewound. Grid on top end. Same direction as L2 with
plate on far end.
40t #20 DSC.,
80 Spaced to cover 17", 33t 420 DSC., 10t 428 DSC.
Meters Tap at 2 turns. Spaced to cover 13,". Closewound " from L2.
a0 |13t #20 DsC,, 11t #20 DSC., 7t #24 E.
40 Spaced to cover 13", Spaced to cover 113", S #ced 14" from L2.
pa pa (]
Meters Tap at 114 turn.
20 Tt 420 DSC., , Tt #20 DSC., 4t 20 DSC.,
Meters gg;;z(‘ii t:t f)onveelt'ulml/a o Spaced to cover 113", Spaced 13" from L2.
10 314t #20 DSC,, 314t #20 DSC., 3t #20 DSC.,
Spaced to cover 1°. Spaced to cover 1. 15" from L2 and 4"
Meters Tap at }§ turn. between turns.
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“Super-Gainer"
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A-C operated "Super-Gainer”

with 12Z3 rectifier tube in the power supply.
diagram of the McMurdo-Silver factory-built "Super-Gainer."

This is a

Metal Tube Super-Gainer: This receiver
has four of the new metal tubes in the
Super-Gainer circuit, the characteristics

of which are similar to the receiver pre-
viously described except that with the
inclusion of the 6I.7, special mixer tube,
the receiver has a higher degree of sensi-
tivity. The 6I.7 tube has a higher plate
impedance as a flrst detector so that LF.
gain is as high with a small Aladdin iron-
core I.F. unit as with a larger unit and
6C6 tube. The 6L.7 also makes a very ef-
fective regenerative first detector with va-
riable screen-voltage control. A cathode-
tap on the detector grid coil serves as a
means of obtaining regeneration at the sig-
nal frequency.

Miscellaneous Notes: Second detector re-
generation and oscillation is controlled by
a 5000-ohm tapered variable resistor
shunted across a cathode coil. The latter
is made of 100 turns of No. 26 or No. 28
DSC wire '*scramble-wound’” on a short sec-
tion of Hth-inch diameter dowel rod. There
is no magnetic coupling between this coil
and the second detector grid coil. A 6F5
high-mu tube functions as the detector of
the grid-leak or bias type. Grid-leak de-

tection is shown, but generally cathode-bias
detection will allow the circuit to regen-
erate smoother.

A 6C5 tube similar to a 76 serves as an
audio amplifier, resistance-coupled to the
detector circuit. Another 6C5 tube func-
tions as a H.F. oscillator with cathode-tap
for oscillation. The grid-leak and con-
denser bias this tube as well as the spe-
cial injection grid of the 6L7 tube.

The set is assembled on a 7 x 7 x 1%~
inch metal chassis with a small shield
placed between the coils and ganged-con-
denser sections. The sections are made
from 35-35 mmfd. midget condenser having
only four stator plates per section (the
others being removed). The 100 mmfd. con-
densers are band-setting controls which are
manipulated by small dials on the front
panel, the latter is of aluminum 7 x 8
inches 12-gauge. The vernier dial is in-
sulated from the tuning condenser shaft in
order to eliminate multiple ground leads
and resulting noise when tuning. A power-
plug and socket are mounted at the rear of
the chassis for connection to a 6.3 volt flla-
ment transformer and 135-volts of B-bat-
tery. or to similar values of voltage from
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Looking into the Metal-Tube "Super-Gainer."
an AC power supply.
the DC voltage should not be over
and an 8mfd.

With a power-pack,
180-volts
must be connected
across the voltage divider at this point.
The coils

condenser

are similar listed
except
that no tickler is needed on the oscillator
coils. The cathode-tap case is
from 3%th to lsrd of the total turns up
from the grounded end of each oscillator
coil. The antenna coupling should be semi-
variable because of the effects of antenna
resonance on the first detector
tion.

to those

under the three tube Super-Gainer

in this

regenera-

W OUND

$/8" DQWEL.

The alrp|ane tuning dial adds beauty and

I L3- 100 TURNS NO. 286 OR 28 &

JUMBLE

-

6.3V

SUPER-GAINER

-250V +

convenience.

METAL TUBE SUPER-GAINER

COIL TABLE
All Coils Wound on 1!//;” Diameter Forms
Detector Oscillator
Wavelength Coil Coil
33" of 424 E., | 114" of #24 E.,
160 closewound. closewound.
Meters Tapatlly Tap at 1/8 of
turns. total turns.
80 38t #22 DSC., | 32t 22 DSC,,

134" long. 1%" long.
Meters Tap at ¥ turn. | Tap at 10 turns.
40 iﬁlt }?2 DSC., ﬁt 1122 DSC.,
2" long. 4" long.
Meters Tap at 15 turn. | Tapat 813 turns.
20 6t {22 DSC., 6t {/22 DSC.,
17 long. 1" long.
Moeters Tap at !4 turn. | Tapat14turns.
10 3/2 #22 DSC., | 314t #22 DSC.,
long. 17 long.
Meters Tap at !4 turn. | Tap at 1 turn.
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Amateur Superheterodyne Receivers
The ""222" Radio Series

A splendid ultra-sensitive amateur com-
munications receiver featuring the super-
heterodyne principle together with niany
engineering refinements is given herewith.
The receiver will cover both the 20 and 40
meter wave bands without coil changing:
for 80 meter operation a separate set of
¢oils are required.

In describing the circuit complement, ref-
erence should be made to the circuit dia-
grain from which the more salient points

can be taken into consideration.

would cause steady  beat-note
certain band-settings in the
The oscillator strength
is adjusted Dby simply twisting the wire-
coupling capacity to the second detector.
This type of coupling allows maximum sig-
nal to BFO noise ratio. The high value
given to the plate and screen resistors limit
the harmonie output, in addition, simpli-
fies the shielding problem for the BFO,

IF Amplifier: The Il amplifier has only
one stage, as two stages complicate the set
and tends to increase the noise to signal
ratio. With one high-gain II® stage operat-
ing in the neighborhood of 500 KC, no iso-

which
whistles in
short-wave range.

2ND DET

SENSITIVITY

50,000
$ - )

30,000
TONE

100,000 250,000

BELAT NOTE .
ADJUSTING COND N\

VWWW-AWW

N[ _sro swiren
ON TONE CONTROL
roR Cw

58

3

{0 B+150-200V

6-Tube Jones 222" Superheterodyne, ideal for amateur operation.

Antenna and Coupling: Llegeneration is
used and a variable antenna coupling allows
maximum effect from the regeneration. The
antenna coupling is the same as shown
for the ‘pre-selector” on page 50. The
antenna and flrst detector coils are con-
nected by link coupling; one of the link
coils sliding backward or forward to vary
the degree of coupling. The advantage of
link coupling minimizes capacity coupling
to the antenna without using a Faraday
electro-static screen, and at the same time
minimizes man-made static.

Firgt Detector: Note that the regenera-
tive effect is obtained by means of a cathode
tap on the detector coil which gives a more
uniform effect to the regeneration for cer-
tain sets of coils. In addition, the detector
conversion gain is increased many fold due
to regeneration and to the method of oscil-
lator coupling. A careful study of the cir-
cuit will show that the suppressor-grid is
connected directly to the plate of the oscil-
lator; this connection practically eliminates
oscillator radiation into the antenna due to
the screen-grid being by-passed to ground
which electrostatically shields the suppres-
sor-grid from the control-grid circuit, The
positive potential placed on the suppressor-
grid augments the sensitivity of the first
detector.

Electron-coupled Oscillators: The first
oscillator is made to oscillate strongly for
good conversion gain, while the second os-
cillates weakly to minimize harmonics

lating condensers and resistors are needed
in the plate, screen-grid and cathode cir-
cuits, }lexibility of control is provided by
an IF and volume control, each operating
independently of the other.

Detector and Aundio Circuits: The detector
circuit is conventional, while the audio am-
plifier has an interesting modification which
utilizes the telephone headset as a bias
resistor for the tube with the tone control
across the phones. This connection allows
the telephone jack to be grounded to the
aluminum chassis or panel. The grid cir-
cuit is’ confined to the grid and cathode by
means of a 1 megohm resistor and a 0.1
mfd. by-pass from the audio transformer to
the cathode. This scheme prevents audio
degeneration and the loss of signal; the out-
put, therefore, is the same as if the cathode
resistor and a large by-pass condenser were
used and the headset placed in the plate
circuit.

Power Supply: The power supply is iso-
lated to keep stray capacity, hum and other
sources of spurious noises at a distance.
If “A” and “B" batteries supply the neces-
sary power, it will be necessary to provide
some means of cutting off both A and B
leads by a switch when disconnecting the
power supply from the receiver,

CONSTRUCTION: In the original design,
a pair of Aladdin iron-core IF transformers
were used as they had better selectivity
and higher gain than ordinary air-core IF
transformers. If these transformers are
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Front view of the 222’ Super.
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Front Panel Control Arrangement for the "222."
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Looking into the "'222."

to close for bhest short-wave practice
where greitest selectivity and good gain
are desirable. The two coils should be
at least 1'% inches apart for most all
air-core types. Some makes can be ad-

justed by warming the supporting tube
with a soldering iron tip until the wax
softens, then sliding the coils apart. The

| iron-core transformers have a pair of
-

coils mounted at right angles to each
other on short molded straight
cores. Coupling is adjusted by a

screw adjustment on the lower coil

whieh slowly moves it along its

axis.

As previously stated, a single stage
of IF will give ample gain if the
front-end of a “super” is function-
ing properly. A stage of RF ahead
of the first detector is sometimes

mrzzn
I30LANTITE

INSULATED
COUPLING
v

desirable, but it does not compare
with a “super” having a regenera-
tive first detector unless regenera-
tion is used in the RF stage.

The oscillator tuning condenser
consists of a double-spaced midget
condenser of eight plates, while the
detector condenser has nine plates
double-spaced. These condensers

BAND 3PREAD

03C-BAND-3ETTING

The constructor is advised to use the exact layout of

parts, as shown above. All tubes are shielded,

than the type 56 audio tube. Isolantite sockets should
be used for the Detector and Oscillator coils.

not available, air-core transformers may be
substituted with entire satisfaction. In most
all IF units, the coupling has been adjusted
at the factory for best broadcast reception
gain and band-width. This is generaily

1ST DET-BAND-SETTING

are made from "“Cardwell 100 mmf£d.
Trim-Air” normally spaced midget
condensers, similar to those used
for band-setting, By winding the
oscillator coil to cover a greater
winding space of 114 inches as
against 1'% inches for the detector
coil, the oscillator and detector will
track throughout the narrow amateur bands.
With the number of plates left in these
double-spaced condensers, the 20 meter band
covers approximately 15 divisions on the
airplane type of dial, and the 40-meter band

other
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about 60. Greater band-spread may be had
by removing plates from each of these con-
densers, A flexible coupling must be used
to gang the oscillator condenser to the front
detector condenser to eliminate torsion de-
tuning effects on the beat-note of a CW
station. This effect always occurs with all
types of dial and condenser mountings,

A pair of shielded lead-in wires are con-
nected directly from the antenna system to
the fixed antenna coil underneath the chas-
sis, (See photo of under-chassis view.)
The antenna coil consists of 12 turns of No.
24 DSC wire closely wound on a 1% inch
diameter bakelite tube, approximately 1%
inches long. The sliding coil is made by
closely winding 4 turns of No. 24 DSC on
a 1 inch diameter tube. TFlexible leads form
the remainder of the link coupling device to
the isolantite coil-socket above the chassis.
Four turns of this same wire were wound
on the detector coil about one-eighth inch
from the ground end. This 1 inch bake-
lite tube is controlled from the front panel
by means of a plunger action knob over a
distance of approximately 1 inch. The knob
is fitted with a 3 inch diameter brass rod
extending through the front panel and fast-
ened to the one-inch tubing with two ma-
chine screws. The bearing, retaining and
pressure spring is simplicity itself, being
an ordinary telephone jack. The rear tip
connection acts as a pressure spring against
the brass rod, making it remain in whatever
position it is adjusted to by merely manipu-
lating the knob,

The antenna coupling device allows ad-
justment of the resonant antenna coupling
to obtain optimum value of first detector
regeneration. This scheme is applicable to
any type of antenna system, the latter be-
ing externally adjusted or tuned to reso-

nance until the optimum coupling is tjound.
The results are very gratifying. The image
interference on 40 meters measures 60 DB
units down in level from the desired signal,
using a signal generator for these measure-
ments. 60DB means an image rejectivity
of 1000-to-1 which is extremely good for
sets using a well designed stage of RF.
The image measures 50 DB down on 20
meters, which is more than most superhet-
erodyne receivers can even approach at that
wave length. The receiver has practically
no image whistles of “phantom’ commercial
signals in the amateur bands, unless the
commercial signal is of very high field in-
tensity. The signal generator gives an
audible signal in the headset with an input
of 130 DB down from 1 volt, which is less
than 1 micro-volt input. Thix is ample sen-
sitivity, with low internal noise level, to
reach down into the atmospheric noise level
in any locality.

The receiver is built into a metal cabinet
measuring 8% inches deep, 7 inches high,
and 11 inches long, The front panel is 7x11
inches and is made of No. 12 gauge alumi-
num. The chassis is also made from the
same gauge aluminum, bent in the form of
a U, two inches deep and 814 inches wide by
10 inches long. All of the necessary tube
socket and dial holes can be punched, or cut
out with a circle cutter and drill press. The
shield partition between the oscillator and
first detector is also made from No. 12
%auge aluminunm, 7 inches long, 43% inches
high with a % inch lip along the bottom
for fastening to the chassis with three
machine screws.

In building this set, it is a good plan to

take all the largest parts and set them on
the chassis so as to get the proper chassis

COIL WINDING TABLE FOR “222" COMMUNICATIONS RECEIVER

Coils L1, L2 and L3 are the same for 20, 40 and 80
meter operation. L1—12 turns No. 24 DSC wire, close
wound, on 1%-in. dia. tubing.

L2—4 turns 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 and out "of L1

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

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

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

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

C1-C3—100 uufd. midget variable condenser.

C2—9-plate double-spaced midget condenser to give ap-
prox. 28 uufd,

C4—1-plate double-spaced midget condenser to pive ap-
prox, 20 uufd.

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

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

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

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

L5—26 turns, No. 24 DSC wire, wound to cover a space
of 1% in. on a 1'%-in. dia, form, with cathode tap taken
at 4'% turns from bottom.

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

TUBES—Instead of using type 56, $7 and B8 tubes, this
receiver will give equal satisfaction if the types 6C8,
606 and 76 are used for 6.3 volt operation.

160-METER BAND—This receiver will not operate suc.
cessfully on the 160-meter band unless large variable con-
densers are used in place of the small midgets. The re-
ceiver was primarily designed for 20, 40 and 80 meter
operation.

Band

CONDENSER SETTINGS
Oscillator Band-Setting

Detector Band-Settma Coverage on

e _; Condenser Main Tuning Dial
20 Meters 1 8° 10° 12° to 15°
40 Meters - 80° R 95° | 50° to 607

s MeferP_horiB_and - ! ‘7 - 45° | s0° . ‘l T
80 Meter C.W. Band 50° 55° 100°
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layout Dbefore drilling. 'The accompanying
pictures and the plan drawing should en-
able anyone to duplicate the design with-
out trouble. The lower knobs on the front
panels, from left to right, are sensitivity,
regeneration, audio volume, tone control
and BFO switch combination, and antenna
coupling. The upper row: Oscillator band-
setting adjustment with knob and smaltl
0-100 metal escutcheon plate, main tuning
control, and last, the detector band-setting
control and a 0-100 division plate. The an-
tenna leads, power-pack ecable plug, and
telephone jack are at the rear of the chassis
with large holes drilled around them
through the metal cabinet. The cabinet
has a metal hinged lid.

The "'222" Receiver with Improved
Crystal-Filter and BFO

This receiver is exceptionally sensitive
and selective, and is capable of remarkable
signal-to-noise ratio. The reeeiver incor-
porates a new crystal-filter arrangenwent.
One of the features of the new unit are that
no loss in sensitivity occurs when switching
from the “off" to the ‘series” position,
because the impedances remain matched
whether the crystal is “in” or ‘“out.” An-
other interesting feature of the improved
erystal-filter is that it can be put into any
existing superheterodyne receiver without
disturbing the 1F amplifier in any way, ex-
cept to disconnect the detector plate leads.

Circuit Data: The circuit of this receiver
is similar in respects to the =222%

many

1t was also found desirable to use a sepa-
rate set of coils for 20 meters to obtain
more bandspread. Five turns one-inch long
on the 1% inch diameter plug-in coils, are
satisfactory for this band. All other coil
data are given in the coil table for the
©222" receiver with RF (see preceding de-
scriptive articles).

The plate circuit of the first detector must
be tuned for maximum signal gain so that
the plate tuning condenser acts as an effec-
tive RF by-pass to increase detector effi-
ciency. The center-tapped coil and neutral-
izing or phasing condenser form a Wheat-
stone bridge to balance out the crystal
holder capacity. At resonance the succeed-
ing tuned 1F circuit would be over-coupted
to the first detector tuned-plate circuit, be-
cause effeetively there is only a resistance
of a few thousand ohms between the “live”
ends of the tuned circuits. To prevent any
bad effects caused by over-coupling, a
small 3-30 mmfd. condenser is placed in
series with the crystal. This allows the
use of tuned circuits hetween the ecrystal
and first [F amplifier grid without loss in
signal. Bv this matching device there is
no appreciable loss in the erystal filter when
it is cut into the circuit. The noise level
decreases because of the very narrow
band passed through the IF amplitier.

With an etlicient circuit of this type, only
one stage of high-gain IF is necessary. In
general, superheterodyne circuits should
have high gain in the front end. but shauld
not depend too much upon the 1IF amplifier
for gain. The main function of the IF am-
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222" Superheterodyne with Jones Crystal Filter and Improved B.F.O.

receiver previously described. The circuit
modifications in this design are new, and
have only been incorporated after having
proved meritable in laboratory and field
tests.

The receiver consists of a stage of semi-
tuned RI* using plug-in resonant chokes, a
regenerative first detector, a single stage of
IF, second detector, audio and BFO. The
HF oscillator, detector and RF are exactly
the same as the original “222" with only
minor deviations. Here, it was found that
tuning condensers using bakelite instead of
isolantite insulation require about !4 more
coil turn in the first detector cathode-tap.

plitier is to increase selectivity.

Crystal Filter: The crystal filter is made
by removing the center universal wound
c¢oil of a4 Hammarlund 2.1 mh. R¥ choke,
thereby providing a center-tapped plate coil
whiel is tuned by a 7-70 mmfd. trimmer con-
denser., A 25 mmfd. variable condenser is
employed for phasing; the value of the con-
denser depends upon the plate-to-plate ca-
pacity of the crystal holder. The condenser
is mounted on the front panel with insulat-
ing bushings; by resorting to plugging, the
erystal may be placed “in” or “out” of the
circuit. The stator plate of the phasing
condenser is bent to cause a short-circuit in
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the condenser at minimum capacity setting
for phone operation, The idea may also be
included to turn the BIFO “on” or “off” for
CW or “phone’” reception.

Beat-Frequency Oscillator:
tor is of the relaxation type., The advant-
ages are in simplicity. since no tickler or
cathode-tap are necessary in the tuned cir-
cuit; in addition, the circuit is highly stable,
and the harmonic content is less than in an
electron-coupled circuit., 1Unless the oscilla-
tor is completely shielded, harmonies will
he heard in the form of steady carrier sig-
nals at various points throughout the short-
wave spectrum.

The function of the c¢ircuit depends upon
feedhack in phase to the suppressor-grid
through condenser Y of the BFO circuit
diagram. The =creen is more positive than
the plate. The plate voltage is adjusted to
approximately 4221 volts, the screen from
+755 to +100, the usual control grid at zero
potential, and the suppressor-grid at about
6 to 10 volts negative with respect to the
cathode.  The various potentials are re-
duced to the proper value by means of
resistors.

The BIO coil L, and condenser
tune to the IF: the combination
made from an old IF coil unit by simply
removing coil turns until it resonates at
the desired tregquency by manipulating the

The oscilla-

must
can be

shunt condenser and the trimmer conden-
ser mounted on the front panel. As an
alternative the combination can be made

from a “juinble wound” coil with a fixed
001 mfd. and a semi-variable 70 mmfd. con-
denser. YFront panel control of the BIO
frequency can be obtained by Ca: which acts
as a vernier adjustment for ¢4. On account
of the rotor plates C, being grounded, the
condenser can be mounted on the metal
front panel. Output from the BFO ix taken
from the suppressor-grid in the form of a
s<hort length of hookup wire with its free
end twisted once or twice around the sec-
ond detector grid lead.

Operating Notes: ILuack of good single-
signal effect can usually be traced to ex-
traneous capacity coupling, lack of proper
setting of neutralizing or BFO condensers,
or insuflicient circuit isolation. In the re-
ceiver shown, it was found necessary to
shield the grid lead to the ¥ amplifier to
prevent direct capacity coupling past the
crystal-filter. This decreases the undesired
signal from R9 to 15 ratio up to RY to R3
ratio, Even better ratio could probably be
obtained by better cathode, screen and plate

return-lead isolation resistors and con-
densers.
To properly line-up this receiver, refer-

ence should be made to the sub-topic “Re-
ceiver Adjustments,”

for Frank C. Jones' 222 Communications Receiver
With R.F. Stage

L3
(Detector Coil)

L4
(Oscillator Coil)

414 Turns No. 22 DSC Wire,
space wound to cover a wind-
ing space 1 inch long on a
1'% inch dia. coil form.
Tapped at 15 turn.

4 Turns No. 22 DSC wire,
space wound to cover a wind-
ing space 1 inch long on a
1'% inch dia. coil form.
Tapped at 1'4 turns.

10 Turns No. 22 DSC Wire,
space wound to cover a wind-
ing space 1 inch long on a
1, inch dia. coil form.,
Tapped at !5 turn,

8%} Turns No. 22 DSC wire,
space wound over a winding
space 1 inch fong on a 11
inch dia. coil form. Tapped
at 2'{ turns.

10 Turns No, 22 DSC Wire,
space wound to cover a wind-
ing space of 2 inches long on
a 11, inch dia. coil form.
Tapped at ' ; turn.

8%4 Turns No. 22 DSC Wire,
space wound to cover a wind-
ing space 1 inch long on a
1! inch dia. coil form.
Tapped at 2! turns.

30 Turns No. 22 DSC Wire
over a winding space of 174
inches long on a 1!, inch
dia. coil form. Tapped at %,
turn,

26%,; Turns No. 22 DSC wire
over a winding space of 134
inches long on a 1! inch
dia. coil form. Tapped at
41 { turns.

Coil Winding Table
o L2
R. F. Grid Coil) | (Plate Winding)
For 20 Turns No, 18 DCC| 3 Turns No. 36 DSC
10 }Nire.l.I \:Vinding sua1ce I.Wire.interwoundwith
inch long on a 7| L3.
Meters inch dia. tube. g
35 Turns No. 22 DSC| 7 Turns No. 36 DSC
For Wire. Winding space| Wire.interwound with
20 1 inch long on a 75| L3.
Moeters inch dia. tube.
60 Turns No. 26( 7 Turns No. 36 DSC
For Enameled Wire| Wire,interwound with
40 'Winding space lhinch L3.
ong on a *,; inch dia.
Meters | tube.
160 Turns No. 36| 16 Turns No. 36 DSC
For DSC Wire. Scramble| Wire, interwound
80 wound on a " inch| with L3.
Meters dia. tube, 1 in, long.
For 300 Turns No. 36| 30 Turns No. 36 DSC
160 DsC xVire. Scramble LWire.lnterwouod with
wound on a 7y inch| L3.
Meters dia. tube, 1 in.liong.

60 Turns No. 28 DSC Wire
over a winding space of 1},
inches long on a 1! inch
dia. coil form, Tapped at
11; turns,

53 Turns No. 28 DSC wire
over a winding space of 1/
inches long on a 1'; inch
dia. coil form. Tapped at 7
turns,
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Regenerative Pre-selector With
Variable Antenna Coupling

This pre-selector consists of a single RF
amplifler stage placed ahead of any short-
wave superheterodyne receiver. By the use
of variable antenna coupling and cathode
regeneration, this single stage can be made
equivalent to the usual two stage RF pre-
selector. The function of this class of ap-
paratus is to increase the signal-to-noise
ratio and to reduce image interference.

The variable antenna coupling is obtained
by means of a sliding coil whose electrical
constants need not be changed for different
amateur bands. An efficient plug-in coil is
used in the tuned circuit inductance to in-
sure the correct placement of the cathode
tap for each band. Regeneration is con-
trolled by means of 50,000 ohm potentio-
meter which varies the screen voltage. The

Side view of Jones Regenerative Pre-Selector.

screen-grid series resistor of 5,000 ohms
tends to prevent the regeneration control
from introducing noise as the latter is va-
ried. The plate voltage is fed through a
small Hammarlund multi-section RF choke
which is effective over all 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 trimmer condenser must be re-set for
best results.

The regeneration is slightly affected by
the plate circuit load, requiring in some
cases, a trial adjustment of the cathode-
tap or changes in coupling to the receiver.
The RTF tube will smoothly slide into oscil-

Under-chassis assembly, showing variable
antenna coupler.

lation 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 1% inches
long. The larger one is 1% inch outside
diameter, and the smaller one % inch di-
ameter, so that the latter with its winding
of 8 turns will slide readily inside the
other tube. The large tube has 20 turns
of No. 28 DSC wiré, close wound which is
connected to a doublet antenna for maxi-
mum outside noise reduction. The Ilink
coupling system employed here is similar
to that used in the “222” receiver.

The tuning condenser is of the midget
type, well insulated and having a maximum
capacity of about 100 mmfd. A smali alumi-
num bracket supports the condenser (see
photo) at the proper level for the dial
shaft connecting bushing. All parts are

Shield housing for Jones Pre-Selector.

mounted on a piece of 12-gauge aluminum
bent in the shape of an inverted U. The
original piece should be 8% inches long
and 7 inches wide, 1% inches on the front
edge and % inch on the rear edge are bent
down, so the top of the chassis is 8%x43%
inches. The antenna coupler mounts un-
derneath on one side and the regeneration
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Regenerative Pre-Selector Circuit.

control on the other; the entire unit mounts
in a can which comes equipped with a dial.
The approximate dimensions of this can are
9% inches long, 5 inches deep, and 6 inches
high. The front and back are removable
S0 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 a right-angle bend in the dial-
mounting strap, the latter being fastened
down by a machine screw. The chassis is
fitted to the front cover or panel.

It is desirable to twist the antenna leads
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 undesirable effects. Power for
the tube can be obtained from the receiver.
If a doublet antenna is not used, one of the
antenna leads nust be grounded.

Coil winding table for Pre-Selector.

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

L2—Same for all bands. 8 turns, No. 28 DSC, close
wound on Za-in. dia. tubing.

Coupling hetween L1 and L2 variable.
into and out of L1.

RF COIL FOR 160 METERS
L3—10 turns, No. 22 DSC, close wound on 1%z-in.
dia. low-loss coil form.
L4—60 turns, No. 22 DSC, close wound, and tapped
1% turns up from ground end. L4 is wound on same
coil form as L3, and is spaced % in. from L3.

j RF COIL FOR 80 METERS

L3—7 turns, No. 22 DSC, close wound, on 1%z-in.
dia. form.

L4—35 turns. No. 22 DSC, close wound, and tapped
Y2 turn up from ground end.

Spacing between L3 and L4 to be % in.

" RF COIL FOR 40 AND 20 METERS
L3—5 turns No. 22 DSC, close wound, on 1%-in.
dia. form.

L4—12 turns, No. 18 DSC, space-wound over a wind-
in?‘ space of 1% in., and tapped Y turn from ground
end.

NOTE—The ground end of the L4 is the hottom of
the coil. The top end of L4 connects to the grid of
the 58 or 6C6 tube in the Pre-Selector.

L2 slides

Dual Band 20-40 Meter Receiver

This is a receiver for the DX operator
who devotes the greater portion of his time
between the 20 and 40 meter wavebands.
The circuit, as will be seen in the accom-
panying figure, has two front ends, one for
20 meters and the other for 40 meters, with
a common IF amplifier, crystal filter circuit,
detector and 800 cycle audio amplifier. The
circuit is quite similar to that used in the
“222 Receiver” in that a fixed tuned RF
stage is placed ahead of the regenerative
lirst detector.

Circuit Details: The HF oscillator em-
ploys a twin-triode type 79; one portion
oscillating for the 20 meter band and the
other for 40 meters. The oscillator cir-
cuits are stabilized with a combination grid-
leak and cathode bias polarizing the grids.
The cathode resistor is not by-passed; con-
sequently it forms part of the oscillating
circuit with an automatic regulating effect.
The result is a high degree of frequency
stability for changes in plate and filament
voltages comparable to an electron-coupled
oscillator.

The second detector employs a twin-
triode, type 79; one portion acts as a bias
detector and the other as an audio ampli-
fier. The audio amplifier is tuned to series
resonance at 800 cycles. The resonant re-
actor consists of a 4 henry audio choke-coil
mnade from an old 250 mh RF choke with
an *“A metal” core from a small audio
frequency transformer. The audio ampli-
fler is tuned to the desired AF by adjusting
the air-gap in the core. The coil of a small
filter choke, with a few straight pieces of
iron-core inserted in the coil form, wili pro-
vide a 4 henry choke suitable for this pur-
pose.

The first detector 2-plate main tuning
condensers are ganged with flexible coup-
plings to their respective 2-plate oscillator
tuning condensers. A 2-gang 35 mmfd. per
section condenser provides a tank condenser
capacity, plus front panel trimmer adjust-
ment, which is neded when using regen-
eration.

Coil Data: The RF coils are wound on
Y%.-inch tubing to minimize the external
field. The 20-meter coil consists of 40
turns of No. 22 DSC wire, with a primary
of No. 36 DSC of 8 turns center-tapped.
I'hese primaries are wound over the
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LEGEND: C—3-30 mmf. C1—
20 mmf, C2—10 mmf, C3—3§
mmf, C4—.006. C5—.01. C6—

.0001. C7—2 mmf (hook-up wire

twisted together to give very small ca-
pacity), C8—25 mfd. A & B are DPDT
snap switches to change from 40 to 20.
C is an SPST snap switch to change from
Send to Receijve. R1—400 ohms. R2—
2,000 ohms. R3—5,000 ohms. R4—25,000
ohms. R5—25,000 ohm Potentiometer.
R6—50,000 ohms. R7—50,000 ohm Po-
tentiometer.  R8—100,000 ohms. R9—
1,000 ohms. R10—3,000 ohms. R11—
10,000 ohms, 20 watts.
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Three views of the "'20-40" receiver. See page
52 for complete circuit diagram.

grounded end of the secondary in a small
. bunch winding with center grounded. The
40-meter RF' coil has 66 turns of No. 26
enameled wire with a center-tapped 10-turn
primary of No. 36 DSC wire.

The 20-meter detector coil consists of 10
turns of No. 22 DSC, 1-in. diameter, % in.
long, wound on celluloid strips. The wire
is cemented to the strips with Duco ce-
ment. The primary consists of 7 turns of
No. 36 DSC interwound with the secondary
with the RI® PLUS “B” connection to the
“ground” end of the coil. The cathode
tap is made of !4 turn from the ground
end. This tap should only be high enough
to allow the first detector to spill into
oscillation with the regeneration control
well advanced.

The 40-meter detector coil is made in the
Same marnner as the 20-meter coil, but with
24 turns, wound on a form one inch long
and one inch in diameter. The cathode tap
is made one-third of a turn up from ground
and the primary is interwound for 14 turns;
No. 36 DSC wire is used. For mechanical
rigidity, the ends of the celluloid strips are
cemented to bakelite tubing which is fas-

tened to the chassis with a machine screw,

The oscillator coils are wound on one-
inch bakelite tubing to provide great
rigidity to the coil. The 20-meter coil has
10 turns of No. 22 wire wound on a form
% inch long, with a three-turn tickler
interwound at the ground end of the sec-
ondary. The 40-meter oscillator coil has
22 turns of No. 22 DSC, wound on a form
one inch long, one inch in diameter, with
a 6 turn tickler of No. 36 DSC interwound.
Duco cement is applied to the coils at vari-
ous points to firmly secure the wires in place,
All coils are mounted at right angles to
each other, and an aluminum shield of
No. 12 gauge is used between them. The
RE coils are tuned by means of small com-
pression-type 3-30 mfd. condenser soldered
across the ends of the RF coils.

The change from 20 to 40 meters is ac-
complished by switching the detector
screen-grids and oscillator plate-returns
through a small DPDT snapswitch. There
is no RF on these leads.

Antenna Connection: A 20 and separate
10 meter doublet with twisted-pair lead-ins
should be used with this receiver in order
to minimize auto ignition and power line
noise pick-up. There is practically no an-
tenna coupling capacity to the RI' grid
coil because a balanced primary is used.
This prevents pick-up from the antenna
feeders nearly as effectively as a very elab-
orate Faraday screen system.

The Perrine Superheterodyne

An amateur receiver setting up new
standards and unexcelled for DX reception
is here shown. The parts have been ar-
ranged so that no lead in the entire re-
ceiver is over one inch in length. A very
high degree of shielding separates all the

Acorn Tube R-F Plug-In Unit for Perrine Super.

major electrical components. A minute
study of the details will reveal a number
of unique features. Some of these are:
(a) the double by-passing of heater circuits;
(b) coupling the oscillator plate to the de-
tector suppressor; (c¢) the crystal filter cir-
cuit with a split-stator condenser which
places twice as much capacity between the
first detector plate and ground, thus by-
passing more effectively the high-frequency
components in the first detector plate cir-
cuit; (d) the air-tuned beat frequency
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Fig.

LEGEND
L1—5 turns, 1-in. dia., No. 28 enaméled.
L2—13 turns, 1-in. dia., No. 20 bare.
L3—2 turns, 1-in. dia., No. 32 SSC.
L4—9 turns, 1:-in. dia., interwound with
L5—No. 30 DSC.
L5—13 turns, 1-in. dia., No. 20 bare.
L6—12 turns, 1-in. dia., No. 20 bare
tapped 4 turns from ground.
L7—95 turns, 1-in. dia., tapped at 30
turns, No. 32 DSC.
L8—30 turns, 1-in. dia., No. 32 DSC.
L9—Hammartund choke with center pie re-
moved.

-]

I—Complete circuit diagram of the Perrine Amateur Superheterodyne.

20 mmf.—Hammarlund 50
with two stator nplates re-

C1—Approx.
mmf.
moved.

€2—20 mmf. Cardwell Trimair.

C3—100 mmf. Cardwell Trimair.

C4—.0001 mica.

C5—.01 mica.

C6—.1 non-inductive paper (500 V.).

CT—1 mfd. paper (500 V.).

C8—.04 paper.

C9—3 mmf.—See text.

C10—.004 mica fixed.

C11—.001 mica variable (trimmer).

C12—.001 air variable.

C13—50 mmf. air midget (Hammarlund).

C14—140 mmf.
lund) midget.

C15—Phasing control—10 mmf.

C16—30 mmf. midget.

R1—400 ohm, 1 W.

R2—10,000 ohm, 1 W.

R3—1,000 ohm, 2 W.

R4—1,000 ohm, var. pot.

RS, R6—CT 30,000 ohm, 50 W. voltage
divider.

R7—100,000 ohm, 1 W.

R8—50,000 ohm, 3W.

R9—40,000 ohm, 3 W.

R10—50,000 ohm, 3 W.

R11—500.000 ohm, 3 W.

per section (Hammar-

.||}_

.|||-§||_-

8- =— 300V —=B+
R12—15.000 ohm, var. tapered
R13—50,000 ohm, var. pot.

R14—10,000 ohm, 3 W.

R15—200 ohm, 3 W.

R16—10,000 ohm, tone control.

R17—500,000 ohm, AF Gain.

R18—5,000 ohm, 3 W.

T1, T2, T3—Hammarlund 465 KC IF
trans.

T4—UV712 RCA audio trans.—1,000 ohm
peaked type.

RFC1—85 mh.

RFC2—2 mh.

S—Band changers.

S1—BFO0 strength control.

$2—Xtal shorting SW.

12"

jooqpueH ,OlAVY.. ®4l \ A A

vVvy



AAA

Receiver Testing & Measurements

AAA 55

The beautiful Perrine Superheterodyne. Note
placement of tube shields and individual shield
housings.

oscillator which assures freedom from fre-
quency drift and, in addition, has a high-C
tuned-plate circuit which definitely reduces
any strong harmonies in the output and
thus reduces oscillation hiss—a switch is
also provided to reduce the BIFO plate volt-
age so that more readable signals are de-
livered to the output at low microvolt in-
puts.

A legend of the various parts is given
on page 54. In constructing this receiver
all coils should bhe rigidly mounted tuv pre-
vent frequency changes due to vibration
externally transmitted to the receiver chas-
sis. The design is otherwise conventional
in all respects.

——'CSE‘J'— S

Receiver Measurements

Satisfactory results can only be obtained
from a radio receiver when it is properly
aligned and adjusted. The most practical
technique for making these adjustments is
given in the following discussion.

The simplest type of regenerative re-
ceiver requires little adjustinent other than
those necessary to insure correct tuning
and smooth regeneration over some desired
range. Receivers of the tuned radio-fre-
(quency type and superheterodynes require
almost precision alignment to obtain the
highest possible degree of selectivity and
sensitivity.

Testing Instruments: Only a very small
number of instruments are necessary
to check and align any multi-tube receiver.
The most important of these testing units
being a modulated oscillator and a DC
and AC voltmeter. The ineters are essen-
tinl in checking the voltages applied at
each cireuit point from the power
supply. NOTE: If the AC voltmeter is of
the oxide-rectifier type, it can be used, in
addition, as an output meter when con-
nected across the receiver output when tun-
ing to a modulated signal. If the signal is
a steady tone, such as from a test oscilla-
tor, the output meter will indicate the value
of the detected signal. In this manner line-
up adjustments may be visually noted on
the meter rather than by increases or de-
creases of Sound intenxity as detected by
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FIG, 4

R.-F stage and regenerative detector.

Tuned RF and Regenerative Detector: In
l*igure 1 is shown a single stage of tuned
RF and a regenerative detector. For proper
performance, these two tuned circuits must
resonate to the same frequency throughout
the desired tuning range. It is required,
therefore, that L, and L; have equal values
of inductance and equal values of effective
shunt capacity at each point on the tuning

dial. The inductances may be closely
matched by using similar coil forms and
windings. If one coil is closer to some

metal object, such as the chassis or shield,
it will be difficult to obtain a good match
unless coil turns are removed or shifted
along the coil-form to change the effective
coil length. A resonant antenna will un-
balance the RF stage unless 1., is loosely
coupled to L.

Circuit Capacities: The shunt capacities
are due to coil distributed capacity, wiring
capacity, shunt condensers and tube capac-
ity. Usually trimmer condensers Cz and Cg
are needed to equalize the fixed circuit ca-
pacities. Thexe should be adjusted for maxi-
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mum  signal seasitivity towards the high-
frequency end of the tuning dial, that is,
minimum capacity position for ¢, and C,
After making this adjustment (usually with
a  screw driver) the alignment can be
checked throughout the tuning range by
bending "in” or "out” one of the outside
rotor plates of tuning condenser C;. Some
receivers have condensers with slotted end-
plates to facilitate bending to correct cir-
cuit alignment over the whole tuning range
after (2 and C; have been correctly set.
The REF tube and primary L reflect a capac-
ity across Lg; which can be exactly balanced
by having a duplicate primary winding Ls
on the RI® grid coil. A small tritnmer con-
denser simulates the RF tube plate circuit

this refinement is seldom used in receiv-
ers, but is well merited.

Multi-Stage Tuned RF Receivers: The
alignment procedure in a multi-stage RE
receiver is exactly the same as aligning a
s.mgle stage. If the detector is regenera-
tive, ecach preceding stage is successively
aligned while keeping the detector circuit
tuned to the test signal. the latter being a
station signal or one locully generated by a
test oscillator loosely coupled to the an-
terina lead. During these adjustments the
RF .mnnliﬁ(xr gain control is adjusted for
maximum sensitivity, assuming that the RF
amplifier is stable and does not oscillate.
Oscillation is indicative of improper by-
pa.ssing or shielding., Often a sensitive re-
ceiver can be roughly aligned by tuning for
maximum noise-pick-up, such as parasitic
nsplllulions originating from static or elec-
trical machinery,
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Superheterodynes: A superheterodyne
p'rusen.ts an involved alignment procedure
since it is necessary to align both the oscil-
lator and first detector as well as the inter-
mediate frequency amplifier. In this case,
the latter should be aligned first. MISTHOD:
A calibrated modulated oscillator is set to
the frequency of the 1K amplifier; this is
usually between 175 KC and 500 KC. A
tead from the oscillator is connected to the
grid of the last 110 stage, and C; and C, of
IFigure 2, varied until maximum signal
strength is obtained in the output of the
?nd detector or audio amplifier. The ad-
justment can be simplified if the receiver
has AV(, the tuning meter being used to
indicate the maximumn signal strength.
Since the coupling inductances l.,; and Lg are
generally fixed, the only possible adjust-
ment will be by varying the trimmer con-
densers,  After Cy and , are properly set,
the oscillator power is decreased, then
coupled to the grid of the first IF amplifier
tube. Cy and ', may then be adjusted for
maximum signal strength, The RF input to

the receiver must be kept at an optimum
value to insure signal readability. The
procedure is repeated to align t'y and C,,
providing the receiver has two IF stages.
Sometimes it is necessary to disconnect the
tirst detector grid lead from the coil, it then
being grounded in series with a 1000 or
5000 ohm grid leak, and the test oscillator
coupled through a small capacity to the
grid. The oscillator should have some
form of attenuator; however, the coupling
may be varied by moving the oscillator lead
further away from the tube grid into which
it is coupled. Kor test purposes, the 1000
ohm resistor prevents the RF coil from
short-circuiting the IF of the test oscillator
s0 the first detector acts as an amplifier.
After the IF is aligned, the first detector
grid lead is connected back to its RF coil.

The technique of lining-up the first de-
tector and RI" stages, if any, is precisely
the same as that described in aligning a
tuned RF receiver. Ilowever, the line-up
with the RF oscillator is slightly modified.
MIETIOD: The HI' oscillator is used to
provide a signal in the first detector which
will beat with the desired signal to form a
new signal at the frequency to which the
1K amplifier is tuned. If this is 450 KC,
the HF oscillator should tune to 450 KC
higher frequency than that of the first de-
tector and RF stage. Figure 3 illustrates
this circuit. 1n general, coil L. must have
less inductance than L, and , must have
less tuning range than ;. These require-
ments necessitate that IL.. have less turns
than I, and less capacity in ('; than in Ci.
If ¢; and (' are of the same capacity and
are coupled in tandem, a fixed or variable
condenser (% is placed in series with 4 to
reduce its maximum capacity., C2 and Cg
may be cither trimmer or band-setting con-
densers. C; is required at longer wave-
lengths where the ratio of the oscillator to
detector frequency is not approaching unity
of equality. Ifor example: at 14,000 KC
with the oscillator at 14,450 KC no series
condenser is necessary, but one would be
required at frequencies of 2,000 KC and
2,450 KC if the tuning condensers C; and
', wWere very large,

T
C

FIG. 3

Front-End of Superheterodyne.

Alignment Procedure: Actual alignment
ot the front end of a “superhet,” such as
shown in Figure 3, follows: The test oscil-
lator is set at the highest frequency which
¢an be tuned-in with a given set of coils.
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This may require a little manipulation, but
it the tuning range is known or can be
estimated, an approximate frequency setting
of the test oscillator can be made. The
test signal is increased in value until it is
heard or can be measured at the output of
the receiver. (% is then adjusted to bring
the dial reading to the desired point for a
given frequency, that is, providing the dial
is calibrated. ; and ¢, of course, being
tuned simultaneously; afterwards, (2 is ad-
justed for maximum sensitivity. Next, the
tuning dial is rotated through to nearly full
‘apacity setting of Cp and C,, of Figure 3,
and the oscillator set for this lower fre-
quency.  These circuits can be aligned by
moving the tuning dial while adjusting %
with a screwdriver or plate bending ot .
A middle dial setting can be checked by
means of a third setting of the test oscil-
liator and plate bending of ¢, If alignment
cannot be obtained by plate hending adjust-
ments, a new value of trimmer condenser
settings of Gy and C2 will have to be used
and the whole procedure repeated. Some-
times L, has to have considerably less turns
than L, and a few turns added or sub-
tracted to allow the HI oscillator to tune
through the whole ranze at precisely 440
KC higher in frequency than the detector
and RI® stages,

Lkl

Le C/C2 FIRST DET

L2 CaZlCa H F OSC

FIG. 4
Another type of front-end.

Multi-band Receivers: Endividuual coils
m multi-band receivers with coil switching
arrangements must have small trimmer con-
densers shunted across the inductive cir-
cuits, as shown in Figure 5, Thix allows
fairly accurate alignment in each band by
following the procedure previously out-
lined, In assembling superheterodyne,
the labor of checking is rather long and
tedious since each coil must have exactly
the correct number of turns because bend-
ing the main tuning condenser plates would
unbalance or misalign all other coils. Un-
fortunately in receivers incorporating coil
switehing arrangements, it is impossible to
obtain accurate circuit alignment. Many
commercially built receivers use two stages
of R¥ ahead of the first detector, tuned
rither broadly to overcome this defect and
obtain  better signal-to-noise and image
ritios,

If either the circuits of the RF stuge are
regenerative, they must track exactly with
the HF oscillutor. This type of circuit is
shown in IFigure f, where () qud ', are

-CANGED  3wiTCr
caip
= o oo L”
FIG. 5

Tuned circuits for coil switching.

approximately 20 to 3 mmfds, ganged
tuning condensers on the main  tun-
ing dial, and €. and 'y are band setting

condensers ot 100 to 140 nunfds., In this
instance, (", can be used as a panel oper-
ated trimmer condenser to hold the circuits
exactly in line at high degrees ot regenera-
tion, The series condensers (Y, of Figure 3
are not required in this class of receiver
due tu the very narrow band tuning-range
of C; and Ci The coil turns on 1, and L,
can be adjusted so that at random settings
of C. and C4 they will give practically per-
fect alignment. In practice, the adjustment
occurs at slightly greater capacity settings
of Cz than for 4 together with a small in-
crease in inductance L,. Varying the coil
turns and spacing between turns will insure
#o0d tracking throughout all the amateur
bands with the possible exception of the
160 meter band. This form of receiver in-
variably uses plug-in coils which must be
adjusted properly, the turns being cemented
in place with celluloidal cement.

Beat-frequency Oscillator: A beat-fre-
(uency oseitlator, BI*O, is lined up by tun-
ing it so that its hiss is loudest in the re-
ceiver output: later, a signal is impressed
to give a 1000 or 800 cyele beat-note,  IFor
exXample: It the I amplifier is lined up to
450 KC, the BFO must be tuned to either 499
or 451 KC. 1f a cerystal filter forms part of the
11* amplitier complement, a vernier adjust-
ment for the BFO should be available on the
front punel in order to exactly set the
beat-note for best results. The KO input
to the second detector need only be sufficient
to give a good beat-note on a fairly strong
signal.  Too much coupling to the second
detector will mean excessive hiss level with
loss of very weak signals in the noise back-
&round. The BFO must be well shielded to
prevent harmonics of the circunit from radi-
ating and setting up nnwanted signals, The
oscillating circuit must have a high € to L
ratio in order to generate oscillatory cur-
rents of high stability.

Crystal Filters: In lining up the IF am-
plifiecr for use with a crystal-filter, it is
necessary to employ the crystal itself as an
oscillator, providing a calibrated test oscil-
lator is unavailable and the exact frequency
of the erystal unknown. When the erystal
itself functions as thc oscillating medium,
the circuit shown in Figure 6 should be
used.  In the diagram, the crystal is con-
nected as a conventional erystal-oseillator
in a transmitter, with the exception that a
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Crystal Filter Aligning.

small air-gap is used and the grid-leak and
choke combination eliminated. A winding
from an IF transformer for the plate in-
ductance with the trimmer attached are all
that are required for tuning. For lining-up
purposes, a type 30 tube with 2 volts AC on
the filament will suffice; the AC modulates
the signal and simplifies the adjusting pro-
cedure. ID’late voltage (180 volts) is secured
from a tap on the voltage divider. A milli-
ammeter inserted in the plate circuit will
indicate oscillation, the plate current dip-
ping 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 reso-
nance with the crystal then becomes a
simple matter. Unless the IF amplifier is
lined up to the exact crystal frequency, the
crystal will introduce a very decided loss
in sensitivity when it is switched into oper-
ation.

In adjusting the crystal filter, the phas-
ing condenser and input tuning condenser
should be adjusted simultaneously for maxi-
mum signal response, then a slight read-
justment of the phasing condenser will al-
low elimination of the other sideband.

Notes: In lining up a receiver which has
automatic volume control (AV(C), it is con-
sidered good practice to keep the test-oscil-
lator signal near the threshold sensitivity
at all times to give the effect of a very weak
signal relative to the audio amplifier output
with the audio gain control on maximum
setting.

In checking over a receiver certain
troubles are often diflicult to locate. In
general, by making voltage or continuity
tests, blown-out condensers, or burned-out
resistors, coils or transformers may be
easily located. Oscillators are usually
checked by means of a DC voltmeter con-
nected from ground to screen or plate-re-
turn circuits. Short-circuiting the tuning
condenser plates should usually produce a
change in voltmeter reading. A vacuum-
tube voltmeter is also very handy for the
purpose of measuring the correct amount of
oscillator RF voltage supplied to the first
detector circuit, The value of the RF volt-
age is approximately one volt less than the
fixed grid bias on the first detector when
the voltage is introduced into either the
grid or the cathode circuit.

Incorrect voltages, poor resistors or leaky
bypass or blocking condensers will ruin the

audio tone of the receiver. Defective tubes
can be checked in a tube tester. Loud-
speaker rattle is not always the defect in
the voice coil or spider support, or metallic
filings in its air-gap; more often the dis-
tortion is caused by overloading the audio
amplitier, An IF amplifier ean also impair
splendid tone due to a defective tube or
overlnading the final IF tube. In some AVC
circuits, the last IF tubhe will easily over-
load if too much bhias is fed back on strong
carrier signals. Diode detectors give best
fidelity when operated at fairly high input
levels which means that there must be
ample voltage swing delivered to the output
of the last IF tuhe.

Quartz Crystal Filters: The subject of
quartz-crystals is confusing to many users,
which may be attributed to the complexities
underlying the technical nature of the de-
vice.,

Briefly, a quartz-crystal cut on certain
axes and with parallel faces, has the prop-
erty of mechanically oscillating in alternat-
ing-current electric flelds of certain fre-
quency. In addition, it has the very unique
property of functioning as a resonator. In
CW reception, the self-resonant feature is
utilized in a filter circuit to limit the re-
ceived signal to a band of approximately
100 cycles wide, such an electrical combi-
nition improves the signal-to-noise ratio as
well as assures the highest selectivity ob-
tainable for CW radio telegraphic reception.

General Details: To genecrally illustrate
the function of the crystal and filter circuit,
assume that the latter is replaced with its
etectrical equivalent in inductance and ca-
pracity. A eryvstal of 451.5 has an equivalent
inductance of 3.5 henries and a capacity of
less than 0,1 micromicrofarad. The effec-
tive “Q” of such a circuit ranges from
1000 to 10,000. Since the "“Q” is the prop-
erty which governs the shape of the reso-
nance curve, the circuit would have a very
narrow shoulder with a sharply peaked char-
acteristic. .Apparently no combination of
inductance and capacity could eclipse these
effects. Similarly, to an electrical equivalent
circuit, the crystal has also properties of a
series-resonant circuit. A circuit of this tvpe
offers very low impedance to the resonant
frequency (that frequency where the induc-
tive reactance and capacitive reactance are
equal), while at the same time presents
very high impedance to all other frequen-
cies, A series-resonant circuit will pass
the resonant frequency (in this case the
frequency to which the receiver is tuned)
and reject all other adjacent signals. In
general, resonance curves do not have ver-
tical sides, they slope. The ‘‘steepness” of
the slope is dependent, among other things,
upon the “Q’ of the circuit. With a cir-
cuit having a resonance curve with gradual
sloping sides, an interfering signal remov-
ing 10 KC from the desired signal may only
be ten points down in strength from the
desired signal at the output of the receiver.
In contrast, a quartz-filter circuit with ex-
tremely steep sides can cause interfering
signals to be cut down from the unwanted
signal 10,000 times. These figures are
merely illustrative of the effect of the ex-
treme discrimination of such circuits as
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compared with ordinary tuned-parallel reso-
nant circuits used in an IF amplifler.
Technical Discussion: The impedance of
a quartz-crystal oscillator to an AC elec-
trical current is exceptionally low and it
can therefore be used as a series element of
an electrical filter for CW reception. The
quartz-crystal may be compared to the elec-
trical equivalent circuit shown in Figure 1,
where C1 is the capacity across the quartz
plate when not vibrating; R, the resistance
equivalent to the frictional effects of the
vibrating crystal; L, the inductance corre-
sponding to inertia; and C, the capacity
corresponding to the elasticity. One side
of resonance the circuit has capacitive re-
actance due to the elastic forces which con-
trol the crystal virbrations, while on the
other side of resonance the reactance is in-
ductive on account of the inertia effects. At
resonance, the crystal vibrates freely. its
amplitude heing limited by the frictional
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Equivalent circuit of a quartz crystal,

effects; in the resonating state, L and ¢
are equal in reactance and the resonant fre-
quency is the same as the mechanical vi-
bratory mode.

If the impressed voltage is at the reso-
nant frequency, the current through it will
be large, limited only by the resistance R.
There is also a leading component due to
C1l which can be balanced out by means of
a “phasing’ condenser, (Note: A phasing
condenser is used in all single-signal re-
ceiver circuits to eliminate the by-passing
effect of C1, of Figure 1, or to use it as a
means of ‘eliminating one sideband.) C1
combined with L and C have a sufficient in-
ductive effect to provide a parallel circuit
at a frequency slightly different from series
resonance,

By placing the phasing condenser in the
circuit so that the voltage across it is out
of phase with that across the crystal, the
parallel resonance can be shifted above or
below crystal-resonance. Thus, the phasing
condenser can be adjusted so that the par-
allel resonance causes a sharp dip in the
response curve at some desired point, such
as 2 KC away from the desired signal peak.
This means that the other sideband 1 KC
away from zero-beat can be practically
eliminated with a beat-frequency oscillator.
The series-resonant effect is used to pass
the desired signal through an IF amplifler
for further amplification.

Quartz-Filter Circuits: In reception, it is
required that the noise-to-signal ratio be
kept at a very low value; to obtain the
optimum noise ratio requires circuits hav-
ing selective and highly-peaked response
curves. Thus, it is desirable to have a
band-width only about 100 cycles wide,

down to a point at where the gain of the
receiver will discriminate against unde-
sired signals audible in the output. A well-
designed crystal filter will provide an at-
tenuation of about 60 DB to signals morae
than 5 KC off resonance with, of course,
that much more attenuation of the opposite
sideband, 1 KC from zero-beat on the oppo-
site side from the peak response,

Quartz-crystals have a greater “Q" at
lower frequencies. Ior this reason most
filters are designed for operation at 500 to
150 K¢, and used in an IF amplifier reso-
nating at the crystal frequency. From a
selectivity standpoint, frequencies lower
than 450 KC would bhe desirable because
the crystal Q" would be greater; however,
in the lower ranges image interference be-
comes a problem.

In quartz-crystal filter circuits, the R
value ranges between 2,500 and 10,000 ohms
which requires that the circuit be designed
to minimize its loading effect on any tuned
circuits, otherwise the impedance irregu-
larity will cause an excessive loss at the
desired signal frequency. This latter con-
dition occurs in the popular circuit shown
in Figure 2.
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FIG. 2

Lamb’s crystal filter circuit.

Some of the undesirable effects of the
circuit shown in Figure 2 are eliminated in
the circuit of ITigure 3. Here, the grid-
leak is replaced by a tapped resonant RI
choke. The resonant effect, plus the mid-
point connection, gives a step-up in imped-
ance from the series element (the quartz-
crystal) with only a slight loss in signal
strength., To realize the full possibilities
of this system requires that the resonant
choke be properly designed; unfortunately,
the design is difficult.
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FIG. 3

McMurdo Silver's crystal filter.

The difference between the circuits of
Figures 2 and 3 is in the manner of ob-
taining an out-of-phase voltage across the
crystal, The coil can be center-tapped to
ground, or the center point of the two con-
densers may be used. In either case, the
crystal-input circuit tuning condenser and
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phasing condenser are simultaneously ad-
justed tor maximum signal response and
greatest single signal effect.

CRYSTAL
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FIG. 4

Frank C. Jones’ crystal filter.

In the circuit of Figure 4 the crystal is
used as o series element, connecting two
parallel resonant circuits together in a
hand-pass circuit. The small condenser C
of 20 to 30 uufds. is necessary to prevent
over-coupling between the tuned IF trans-
formers, because at series resonance, only a
few thousand ohms is offered as impedance.
The small condenser (' does not appreciably
decrease the signal strength, its function is
that of coupling the two tuned circuit to-
gether, The c¢xtra tuned circuits, which
cause only an effective loss, eliminate the
usual spurious side-band responses of most
quartz crystals. The side-band responsets
are a few kilocycles away from resonance,
hut by careful tuning of the IF transform-
ers, these effects can be attenuated to
practically zero value,
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Comet “Pro" crystal filter

Another method for matching impedances
is shown in Figure 5. Here the low im-
pedance of the crystal at resonance does
not over-couple the two parallel tuned cir-
cuits. A 30-1 step-down ratio of impedance
works into the crystal, and a similar step-
up ratio couples it into the tuned-grid cir-
cuit. In this circuit, as well as in the one
above, a small series condenser prevents
over-coupling. l.aboratory and field tests
show that very little, it anything, is gained
by the step-down transformers as compared
with the system shown in Figure 4. The
circuits shown in Figures 3, 4 and § are

)

better than that of Figure .

The illustrations to the right show modern de-
signs for home-built crystal filter I-F amplifier
and B.F.O. circuits.

The under-chassis view shows the placement of

the crystal phasing condenser, which has one of

its rotor plates bent over slightly so that the

condenser will be short-circuited when it is in
the full “in" position.
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Intermediate
Jones crystal filter and R.C.A. BFO cir-
cuit. The photographs on the preceding

page show
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two types of units in which

these modern circuits are incorporated.
They can be used for converting a regen-
erative detector and R-F into a super-

heterodyne.
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Automatic volume control is a
distinct advantage when the
receiver is used for phone re-

BFO

’ ception. |t automatically com-

N .o pensates for signal fading.

2B700 687 Briefly, its action depends
+as

RECEIVER OR 4NV OTHER SHORT WAVE SUPERMET

upon the carrier signal strength

which causes a control voltage

to vary in proportion to the
actual carrier intensity.

High quality audio amplifier with
a maximum output of |5 watts.

Legend—
C1—0.1. C2—4 mfd. C3—4 mfd, C4—
10 mfd. C5—8 mfd. R1—500,000 ohm

Potentiometer. R2—1250 ohms, 1 watt.
R3-—100,000 ohms, 1 watt. R4—250,000
chms, 1 watt. R5—250,000 ohm Poten-
tiometer. R6—500,000 chms, 1 watt. RT—
750 ohms, 10 watts. R8—20,000 chms, 1
watt. R9-—25,000 ohms, 20 watts. T1—
Output Transformer from 2A3s Push-Pull
to Dynamic Speaker. T2—Power Trans-
former, 300 volts each side of center-tap
at 150 MA.




¢,—.0. C~—.1. C~—.0001. C,—.00025. Cs;— R;,—50.000 ohms, 'z watt. R,,—30,000 ochms var-
.00025. C,—8. C—12. C.—25. C,—.002. R,— iable. R,;—1 megohm variable. R,,—1 megohm,
2,000 ohms, Y2 watt. R,—100,000 ohms, Y2 watt. 2 watt. R;7—20,000 ohms, 1 watt. R,.—500
Ry—100,000 ohms, %2 watt, R,—100,000 ohms, 1 ohms, Y2 watt. R,,—250,000 ohms variable. Rx
watt. R;—10,000 ohms, "2 watt. R,—1,000 ohms, —250,000 ohms, 2 watt. T,—Power Transformer.
/2 watt. R;—200 ohms variable wire wound. Rg T.—Audie OQutput Transformer. CH—30 H. Filter
—150 ohms, Yz watt. R,—5,000 ohms, '2 watt. Choke.

Voltage Divider:

R11—6,800 ohms; R;—7,200 ohms; R,;—410 ohms.
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Circuit Diagram of RME-69 Crystal Filter

Superheterodyne.
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Band Pass Crystal Filters

An ideal characteristic for an L)}, ampli-
fier in a e-w receiver would be a band
width 500 cycles broad at the top, and
practically straight-sided. The total atten-
uation would be down at least 120 D.B. at
approximately 100 cycles either side of this
band-pass. The attenuation should extend
down to 120 D.B. in order to elimninate
“slop-over” from very powerful local sta-
tions.

A multiple quartz erystal filter, combined
with a number of tuned LF. circuits, would
approach this ideal condition for phone re-

ception; on the other hand its use would
not be desirable for c-w reception. Series
crystal filter circuits as used in single

signal superheterodynes give a very narrow
width, but the shape of the curve resembles
the outline of a volecano. 1t is too sharp

L Cs

LF

Cr

i

a

ATTENUATION

rutouewcr

FIG |

for easy tuning on the peak, and alto-
gether too wide at the base; therefore the
strong local signals cannot be eliminated.
The peak portion of the curve is too selec-
tive for phone reception, and for this rea-
son the series crystal circuits will event-
ually be discarded.

The equivalent circuit of a quartz crystal
is shown in Fig. 1, wherein both series and
parallel resonance occur. Series resonance
is due to the equivalent inductance and
series capacity:

T -G

. [}

atrenuation

racouEncy

1
Fy=m—
. 2 7w VLCa
The crystal holder introduces a shunt or
parallel capacity Cp across the crystal, and
parallel resonance occurs at:

1 Cs + Cp
Fp=—u _—
27 | LC«Cyp
The parallel resonance effect can be

varied by means of a ‘“phasing” condenser
in a single signal receiver in such a man-
ner that it will nearly eliminate the second
beat note of a c-w signal which is tuned-in
on the peak of resonance. The parallel
resonance is too sharp to make possible the
elimination of the entire undesired Dbeat
note, except over a certain range, such as
from 800 to 900 or 1,000 cycles, Thus a
weak, undesired signal of higher or lower
beat note can still be heard, especially if
the lower beat note signal is of sufficient
intensity,

Fig. 2 shows two crystals in a band-pass
circuit. The crystals used in band-pass cir-
cuits are slizhtly different in frequency.
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FIG, 3

In Fig. 2 the response curve is wider at the
base, which is the point of least attenua-
tion (the peak of response in a receiver)
than for the single series crystal shown in
F'ig. le.

Fig. 3 shows a shunt single crystal filter
circuit with series condensers. The circuit
is similar to that of IYig. 2, except for the
reversal in the point of greatest attenua-
tion, The curve of (¢) depends upon the
proper impedance terminations, as well as
the correct values of shunt and series con-
densers,

Fig. 4 shows a system with three crystals
tor better band-pass characteristic. The
band-pass width is less than 0.4% of the
*eries resonance frequency of the crystals:
consequently for a 465 KC crystal the band
width would not be greater than 1750
cycles,

These band-pass filters have a low impe-
dance, depending upon their band widths.
The narrower the band, the lower is the
value of impedance to match. This im-
pedance ranges from a few hundred ohms,
downward, Impedance matching can be
accomplished with tuned I.F. coils which
have low inductance untuned secondary
and primary windings.
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Fig. 4
The attenuation of these band-pass

crystal filters is from 30 to 40 D.B., except
at the points of highest attenuation, which
may run from 60 to 100 D.B. This sliding-
off effect on the sides beyond the parallel
resonant cut-off points means that addi-
tional attenuation in the I.F. amplifier is
required, or more than one section of
crystal filter must be used between stages.
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Tube Symbols and Bottom Views of Socket Connections
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DIMENSIONS RATING A | MUTUAL| oo v | LOAD
SOCKET | MAXIMUM ot o (3 PLATE SCREEN PLATE| PLATE| SON- | agp | FOR |POWER
Tvee NAME BASE | CONNEC- | OVERALL | CATHOOE | yrurey™ | piase | scagen |Valoes to cight who| SUP- | GRID |SCREENPL, ) lyyy )y | gess.| OUC- | ampyy. [STATED| OUT- | ppp
TION TYPEw sperating tondibens | Py | YOLTSH | VOLTS TANCE POWER | PUT
ONS LENGTH war, | wax, | TS chuactikes o [ oo AMP, | AMP. | TANCE wicno. |EATION o rpuT | waTTS
Wy voury | awerars | vours | yours | ‘ested sl use OKMS FACTOR
DIAMETER | MHOS OHMS
T [Anode-Geid (# 2) 135 max volts, 23
PENTAGHY] B e-Giri max volts, 23 ma |
! COMERTERD st e | ram | o 21k | g Sdier | 2.0 | 0.06 [ 180 |ers CONVERTER 180 67.5 | 2.4 1.3 | 500000 |Oscillator Grid( » 1) Resistor, 50000 ohms.| 146
| Conversion conductance. 300 micromhos
o . T Anode Grid (¢ 5 135 max velts, 3.3 ma
ics ComERTERS sMaL e | 0G| al) x kT | plnr [ 2.0 | 0z [ 1m0 |ers CONVERTIR 180 67.5 | 2.0 | 1.5 | 750000 |OsciltatorGnd( » 1) Resistor, 50000 ohmis.| 166
| Conversion conductance. 315 micromhos
250 | —— JCLASS A AMPLITIER | 250 — [ 800 | 5250 | 4.2 2500 ]
203 | POWERMSIVAER | meowmarm [ Gt | s3Tox 2%” | ewament | 2.5 | 2.5 [300 | — | PsiiL [ 300 Saif- Power Output «s for 2 tubes 51| 5000 243
| AMPLIEIER 300 Fxed by | stated load. phate tophate | 1000 1
2A5 | POWER AMPLIFIER Tmepium erin | P 1sa | a3’ = 1137 | weaten | 2.5 | 1.75 | 250 | 250 fciass a AvPLITIER 100000 [ 200 | 2:0 | :o0o 245
248 ey ose | smawerw | ncu | oAl x 1" wearen | 2.5 | 0.8 | 250 | — | JROBEARTA — | Gan per e = 5060 | 206
PENTAGRID B Anode Grul (» 2) 200 max_volts, 4 0 ma,
287 CONVERTER & sMaLL 7PN | Pie 2 | 43T x 1%° | wpater | 2.5 | 0.8 | 250 | 100 CONVERTER 50 |~ -‘~°} 100 | 2.2 | 3.5 | 360000 |Osciltator Grd( s 1) Resistor, 50000 ohms| 2A7
mn. [Conversion condurtance, $20 micromhos|
PENTODE UNIT AS | 100 -0 950 285
2 DUPLEX-DIODE SMALL 7-PIN G 21 Tr . i W . |__R-F AMPLITIER 250 - 3.0 10z 730 | 7/ | T
87 PENTODE 2 A7 x 1k FATER 2.5 | 0.8 250 | 12 ANTRE WIS por] a5 287
6A4 | POWERAMPURIER | wepiumspin | FIG.6 | 4137 x 11" . apunR | 100 | - 6.5 0 T 106 [ 1000 T 3T T a2
olve L4 PENTODE e 2l FIAMENT | 6.3 | 0.3 | 130 | 180 JCLASSA ER | 180 12.0 | 2200 | 100 | 8900 | 1.30 | onesa
o SENTACAID Lo | mem R R o, Anode Grid ( +2) 200 max volts, 4.0 ma
CONVERTER & g L3 M T HeaTeR | 6.3 | 0.3 | 250 | 100 CONVERTER 30 (100 énm.nm Gnd( ¥ 1) Resistor, 50000 ohms| GA7
h onversion h
PENTOOE LNIT AS | 100 3.0 [ 90 [ 285 [
DUPLEX-DIODE RF_AMPLIFIER S0 3.0 1123 730 | T
687 Fekr swaLrem | oran | oale o1y | weaen | 63| 0 [ 2s0 | zs [TESMRERE L —1_7 RS — 687
A-F AMPLIFIER ZSH‘ - 4.5 — — — —
SCREEN CRID excecds exceeds
6C6 TDevecTon SMALL 6-PIN FIG. 1t 4% x 1%° | Hearen 6.3 03 250 | 100 [T AMPLIIER M| -a0] o 22 nsme) MO T,
AMPLIFIER BIAS DETECTOR Cathode current Plate coupling resistor 250000 ohm;
20 | -1.95| so 0.65 Grid coupling resistor 250000 ohms.**
SCREEN CRID = 3.07
606 | surroontioe | swaweem | ran | aj3t w15t | wewmen | sa| o | 2s0 | 100 | RTANPPER § 250 a0 | 5o a3 [ somo 10 m__o:l _— | 606
AmpLiFiER R e 250 | —100[ 100 [ — | — Oscillator peak volty=7.0.
©Grids #3and #5 are screen. Grid #4 is signal-input control-gred. “EApplicd through plate coupling resistor of 200000 chms. “*For grid of following tube.
x Applied through plate coupling resistor of 250000 ohms.
THODELMTAS | 100 | 3.0 — | — | 3.5 | 17m00]  aso | s | — | — |
6F7 ot saLren | ricar | 4} x 1%t [ weatem | 63| o3 PEIOBUITAS | 250 [T 20 100 | 1.5 | 65 | ssoo0| 1100 | s00 | — | — | g7
160 | FENICDE DA — T or T 5
30 | 100 R AT 350 | =100 ] 100 | 06 | 2.8 e T Do
DETECTOA [ CRID LIAK Gnd Retum to e | . T .
*00-A TAIODE MeDIUM PN | P16 1 | a}}” 2 1137 | pamenr | S0 028 | 4 — DETECTOR 45 ('_')F.x.‘:gg ¢ | IS g 30000 666 | 20 — | = [ oA
O1-A |  BEfECTORM meowm oo | pat | 4t x 10| pBGr | sof os | s | — [casanveunm| (204 253 — | B3| e w8 — | — | o
10 | POWER AMPLIFIER | mepium epiN |  FIG. 1 s1% w20t | pument | 7| onas | oars | — |cussaaveunea| 330 :‘i.',:g_l = |[= ||} 5] teve | &0 | loge hH 19
H DAt WD LPIN o | 44 x o-C - s | 13 T % | - 4.5 2.5 | assoa| 425 | 6.6 | ) T
12 TRIODE MEOIUM 4PN | FIG. 1 4fl” x 1,, % | FILAMENT . 0.25 S| — 135 | —10.8 3.0 15000 440 | 6.6 12
TWIN-TRIODE v v 0-C 0 Power output value 1s for one tube | 10000 7.1
1] AMPLIFIER SMALL &N | IG. 7S | 4lT x 1% | pyoament | 2.0 ] 0.26 | 135 | —— [ CLASS B AMPLIFIER 3.0 at stated load, plate-to-plate, 10000 1.9 19
20 | POWRSTETER | ssaweew | Mot | a1t 1A% | e [ 3.3] 02| aas | — | cssaweuns s — 11— | &8 l 6300 9] 33 a0 | oo | 20
A-F AMPLIFIER 5 5 o-C SCREEN CRID | 1.5 | 35 067 | 1.7 | 725000 315 | 210 T
[ TETAODE MEOWM b | G ¢ | ST x TR | puawewr | 33| 0.132] 135 [ 67.5 | i avmiike | vs ] oers | 10| 3l7 | 325000 S0 | 10 | T | — | &
SORIEN CTID ol 0 .77 | 4.0 | 400000 1000 | 400 | ___ | ___
A AMPLIFIER R . L R_| 0| e 1.7¢ | 4.0 | eoo000) 1050 | e30
24-A TETRODE Mepmsr | Fies | s’ x )] Cnny || B)f DaB| | a8 || D)==rme = o R Plate current to be adjusted 0 0.1 milhampere 244
wi| Cast | 7T wit
AMPLIFIER — o 2.9 | 8%00] 935
28 cranidly MeoM P | ot | 4P 1| Fuament| 15| 105 | 180 CLASS A AMPLIFIER 'S | 62| 0| ise —_— 28
0 5[ 9000( 1000 [ 9.0
27 Wescren | meowveom| moe [ oapr wage] wenn | ons| oaas|ows| — o s ATE -2 5.2 L o0l 975 [ 3.0 27
1 N N .0} Plate eurrent to be adjusted to 0.2 milliam,
TAIDOE BIAS DETECTOR | — | — with 1o sigial, Hiampere
DETECTORS B 3 75 [ 11 850 | 9.3
30 AMPLIFIER SMALL 6PN Fia ) 4} 1% o€ 2.0 0.06 | 180 | — | cLASS A AMPURIER 0| — | — | 30 10300 %00 | 9.3 _ — 30
1o et X3 31 | 10300 900 | 9.3

saqn| bulaieday jo soysuasoriRyD)
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plate volts 45, grid return to
L 05

meoahm resistor

Aaximnm

T
DIMENSIONS RATING - ac | MUTUAL[ yo y | LDAD
SOCKET |  MAXIMUM e PLATE SCREEN|PLATE| PLATE FOR |POWER
e NAME BASE | CONNEC. | OVERALL | CATHOOE LT O | are | semcon | VOre w0 gt el SUP- | GRID ISCREENT ) Tty | pesys. | OV L[STATED| OUT- | 1yp
TioNs wom | TYPE= o | eoene e | PLY | VOLTS® VOUTS | aup, - aup. | TaNCE TANCE |\ cymign| POWER | PUT
.| b
DAMETER veurs | wones | vours | oo | Heatee s e | VOLTS OHMS ¢ ‘C‘°R|°3;:l:'| WATTS
POWER AMPLIFIER . . [y ¥ 135 | —22.5 4100 o5 | 3.8 7000 | 0.185 |
e | nG = ! b
3 TAIOOE P VT kT pumer| 200 013 | 180 CLASSA AMPLIFICR) 180 | -30.0 3500 | 1050 | 3.8 sioe | olrs | 3 |
SCREEN CRiD 1;; - 3.0 950000 640 ¢10 I e
RF_ AMPLIFIER . . o.c i 1 - 3.0 1200000 650 | 780
MEDIUM 4PIN]  FIQ. & 2.0} o 67. : o
k] TETODL s” 2 17| rament 06 [f 1180 $ = 6.0] Fate current 1o be adjusted 1o 0.2 milliampere 32
BIAS DETECTOR | 180%] 4500y | with no signal.
n D€ MEDIUM 3-PIN|  FiG. 0 ARt nunric:nv 2.0| 0.26| 180 180 | cLassa A‘\IPUVIER_{ [ ssovo] 1700 [ 90 6000 1.4 33
SUPEA-CONTAGL S — — — e}
B . . b SCRIEN CRID l.o0 £90000 600 360
34 ACANPLIAER | MCOWM ePiN|  FIG. 46 | 5" x 11 | puaminr| 20| 0.06 ] 180 | 7.5 ) RfwiPLIIR min. | 1000000 620 | 620 | 3
L CONTROL o 30700 S | Wy, e !
SUPER B . SCREEN CRID 3.0 300000] 1020 [ 3cs
36 uYé;anmu MEDIUM 3-PIN FIG. 3 sy x 1]} MEATER 2.8 nIs| 28 90 RF AMPLIFIER 100000 1050 420 ——s ! | 38
S50000] 830 | 470 7
A AMPLINER . R D, s00000| 1050 | s25 [ —— ——-j
L] TETRODE SMALL 3-PIN FIG. 3 4137 x 1% " | weAter 6.3] 0.3 250 oo fjl "1 NS 550000 1080 505 16
BIAS DETECTOR Plate current to be adjusted t0 0.1 millampere
with 6o signal.
2.5 | 11500 ] 800 | 9.2 |
DETECTOR CLASS A AMPLIFIER — | — | 43| 1020 000 | 9.2 | — —
n »'a:unl:n SMALL 5-PIN FIG. 3 " 2 ,,!" HEATER 6.3 0.3 250 —_— 7.5 8300 1100 9.2 | 37
ooe B1AS DETLCTOR Plate current 10 r‘;drx;:;:? 0.2 millampere
o b
100 1.2 | 7.0 | 130600 875 120 | 156m | 0.17
as PO ORTIER | st $-PIN niesa | 4137 x 17| weaTem 6.3| 0.3 250 1 250 | CLASS A AMPUIFIER 180 2.4 | 130 | nsooo| 1050 120 | 11600 1.00 38
260 | 38 [ 22i0 | roo000] 1200 | 120 | 10000 | 2.50
SUPERCONTROL . 90 | 1.6 | 5.6 375000 960 | 360
3944| mrampinen | smalsein | AGSA | 4l x %" ur.m.uW 6.3 03 | 0] o) MREESCRR oo | 15 | s | 7som0] om0 | 750 [r——| — | 3948
PENTOOE | ! a0 fUmn ] ge | 14 | sis |1000000] 1050 | 1050
#For Grid-leak Detection—piate volts 45, grid return to -+ hlament ot to cathode, @ Apiied throush plate couphng resstor of 250000 ohms of $00 hency choke shunted by 025 megohum resistor.
WEither A.C. or D. C. may be used on filament or heater. except as specifically noted. For use W Applicd through plate coupling resistor of 100000 ohms
of D.C. on A-C filament Lypes, decrease stated grid olts by ! ; (approx.) of ilament voltage. *Maximum.
VOLTAGE
40 AMPLIFIER MEDIUM 4PN nr ’ o — aass 1asw) = 1.5 150000 e » 1| —
L. UM FIG. § 41" x 1l FILAMENT s.o o0.25 | 180 AMPURER | ool T 37g 150000 o4 % 30
100 | - 7.0 | 100 103500 | 1430 | 150 | 12000 | 0.3
4] | POwLRAMPLIFER | suaiemw | Ficsa | 917« woarer | 630 0.4 | 250 [ 250 [cuassaaveurier | 180 | 135 | 180 8looo | 1850 | 150 | 9000 | 150 | 41
ey — 250 | 380 | 250 68000 | 2200 | 150 7600 | 3.40
2 'o”,. ,.MAHI"“ MEDIUM 6-PIN | FIC. 154 ATl | wetr | .L“ 0.7 250 | 250 [CLASS A AMPUFIER { 25¢ | —16.5 250 100000 2200 220 7000 3.00 32
POWER AMPLITIER | Mooium 601N | FIG. 154 G e | wmeater 95 | -15.¢ 95 45000 | 2000 90 «
43 PENTODE LRI EA] 25.0| 0.3 195 | 135 [CLASSAAMPUFRIER | oo | T 0"y 138 S oroo! 2% 2 ‘m g:: a3
¥ - 180 | —30.5 | 180 1650 | 2125 .5 X
45 POWER AMPLIFILR | mroium 4P | FIG. 1 TR FILAMENT | 2.5 1. 275 | — Jouassa aMPURER | 250 | -50.0 250 1610 2178 ;.s 3;33 f‘g a8
- 275 | -36.0 | 278 $700 | 2050 | 3.8 4600 | 2.00
0 | — |rassaavpunerol 250 | -33.0 | -— 2380 | 2350 | 5.6 6400
DUAL-GRID T 3 o 1.28
% POWER AMPLIFIER | MEDIUM SPIN | FIG.7 53% x 27 ] Fament | 2.5 1.7S Too  CLASS B AMPLIFIER & 33 g | | Power cutput values are for 2 tubes 5200 | 16.0 48
o SOWER TRELIFIEN T e e = at indicated plate-to-plat losd. 5800 20.0
PENTODE 17 % 200" | puament | 28| 1.7s | 250 | 250 [cuassansoueier| 250 [ -16.5 | 250 | 6.0 [3t.0 [ so000 | 2500 [ 150 7000 | 2.7 47
48 POWER AMPLIFIER | prnium 6PN | FIG. 15 1" x 0-C y Y % [ -19.0 96 9.0 |52.0 | — 3800 — 1500 2.0
FLTRODE . WeaTer | 30.0| 0.4 | 125 | 100 |CLASSAAMPUFIER| 43¢ | _2500 | 400 | 9.5 15606 | — | 3000 - 1500 | 2.5 8
T35 | — |CUAS A AMPURERD 135 | —20.0 | — 6.0 ai7s | 1125 | 4.7 | 11000 | 0.7
49 DUACCnD meowmsew | mer | s1 x 1ld” ey 2.0 5 .
POWER AMPLIFIER i FILAMERT - 0.12 =1 | —— | Power output velues are foc 2 tubes 49
130 (CLASS B AMPLIFIER ¢ .130 0 at indicaced plate toplate ioad. 12000 | 3.5
. 300 [ -58.0 35.0 2000 | 1900 | 3.8 4600 3
50 rowt:lml;nnvtunu MEDIUM 4-PIN FIG. 1 ol” x 213" | Frament 7.8 1.25 | 450 | — |CLASS A AMPLIFIER | 400 -70.0 | — | —— |55.0 1800 2100 3.8 3670 ;: 80
450 | -840 $5.0 1 200 | 3.
TWIN-TRIODE 250 [] = : o =
53 MEDIUM T-PINe |  FIG. 20 . o =1 S — Power output value is for one tube 8000 d
AMPLIFIER At x weaten | 2.5 2.0 f 300 CLASS B AMPUIFIER | 55, 0 st stated load, plate-to-plate. ipolP4s:0 63
135 | —10.5 3.7 | 11000 750 | 8.3 | 25000 | 0.075
DUPLEX-OL 1w . .
55 UPLELO00E [ WAL )« rio. 13 | A0 x 15% waater | 2.5 to | aso | — | JROOEWNTAS | 1s0 | -135 | — | — | 6.0 8500 ors | 83 | 20000 | 0160 | 8B
250 | —20.0 8.0 7500 | 1100 | 8.3 | 20000 | 0.350
. supea-TaiODE oo sem | = R CLASS A AMPLIFIER | 250 | —13.5 | — | — [ 5.0 9500 | 1450 | 13.8 | —— | ——
DecETons: L Sl c. 8 LT B 31 HEATER 2.5 1.0 | 20 | — [ pcpemecror | 250 ‘.;:'co»xo‘ | Plate current to be adjusted 10 0.7 mllampere 68
ignal
SCREEN CRID cxceeds
Rt 250 | - 3.0 | 100 | 0.5 | 2.0 [ — [ —
57 OETECTOR SMALL &PIN | FIG. T a1” x 175" | wearen 25| 1.0 | 250 | 1oo [ AT AR S meg | 1325 | 1500 57
AMPLIFIER oS OETECTOR | 250 | - 1.98|  so |CUhoas cuent [ zmde coupling resisior 150000 chns
S L .65 ma. nd coupling resistor 250000 ohms®”
o (J.rnl I':lk’ !)clcc!l m filament op,_to_cathode. @ \pplicd through plate conpling vesistar ot 230000 olims
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DIMENSIONS RATING AC | MUTURL vorr. L:)ol: sowe
USE PLATE CON- R
SOCKET | MAXIMUM A SCREEN|PLATE | PLATE AGE
. - T-
e naug BASE  |cowwee. | OVERALL | CATNODE | TR | o curey [ime e s giel SUP- | GRID (SCREENyy Dy | gesis.| OUC | ampe. (STATED] OUT: ) pype
TIONS [ [EIEER evrativg conaieses | pry | yorTS®| VOIS | o [aue | yance| TANCE |peaion) POWER | PUT
IGTH ond (haracteristes for 0 . FICATION s
sax. |owae | g hpcaluse | VOLTS OHMS MICRO- FACTOR OUTPUT | WA
IAMETIA T8 | serars | vours | vouts MHOS OHMS
SCREEN CRID (- 3.0 4
TRIPLE-GRID AMPL 250 100 2.0 8.2 800000 l 1600 I 1280 | —_— l -
58 suptacontRoL | smalLepin | P | e}t = 1% | wearem 2.5 1.0 | 250 | 100 "M'xm']":”‘ | mun. f oS
AMPLIFIER SrEmERooyNE | 250 | —10.0 [ 100 | — | — Oxcillator peak volts = 7.0.
. 250 | — {custanmaner] 250 | 20| — | — 260 20 [ 260 [ 6.0 s000 | 1.25
o1y
59 | poumiteatid o Licowm reme| roiw | 517 w2k | wearen [ 2.5( 2.0 | 250 | 250 s i | 250 | —18.0 | 250 | 9.0 |35.0 | s0co0 | 2500 | 100 600 | 3.00| 69
400 AS TRIODE & 300 ¢ Power output valucs are for 2 tubes 4600 15.0
— Jcuss e aveaner | s00 o \coted plate-to-plate load. 6000 | 20.0
- . : —=19. 5 4 o -
Y el e I D T R D e P A e e R A B - B
75 WOLEX D100, | smau e [ i [ 4317 x 1 mearen 6.3] 0.3 | 250 | — [ TROGENNAR] 2s0m] 135 | — | — | 0.4 Guin per stage = 50-60 75
| sueer.tarooe A0 CLASS A AMPLIFIER | 250 | —13.5 | —— | — 30 Tas0 | 13.8 ] T —
AMPLIFIER MALL 5P G e’ & HEATER 5 b =
7 npLIFES s " ' ox ik 6.3 03 | 250 T e | o e o Plate current to ‘b:l:d)u:led t0 0.2 milliampere 7%
SCREEN CRID. 100 | = 1.5 0 0.4 1.7 ] 650000 1100 I ns ]
TRIPLE-GRID FAMPLI I 250 | — 30| 100 | os | 2.3 isoooco | 1250 | 1500
T Soe
” DETECTOR smaL epin | FiG 1 |l ko1 waten [ 63| 03 | 3s0 | 100 bt athods carvent Piate coupling resstor 750000 77
.65 ma. Grid coupling reaistor 250000 ohmua®®
— % 50 | 1.3 | 5.4 |315000 | 1275 | 400
P e scReencaip | 180 | (- 3.00) 25 | 10 | 40 |ioooooo | 1100 | 1100
78 SUPER-CONTADL SMALL 6-PIN FIG. 11 a1T x 1% HEATER 63| 03 130 | 125 R¥ AMPLIFIER 250 { mun. || 100 1.7 7.0 | 800000 1450 | 1160 = B
250 125 | 2.6 |10.5 | 600000 [ 1650 | 990
TWIN-TRIODE 3 S 180 ] | Power output value ia forone tube | 7000 | 5.8
7 D swalL epn | PG o | al]T e g MEATER [ 6.3 0.6 | 250 | — [CLASSBAMPLIAER | ¢, ° at stated load, plate-to-plate. 14000 | 3.0 »
DUPLEX-DIDDE TRIODE UNIT &S 135 —10.5 3.7 11000 750 8.3 25000 0.075
85 o SMALL &-PIN LN At ey’ HEATER 63| 0.3 250 [ — 180 =135 | —— | — 6.0 8500 975 8.3 20000 0.160 (3
TRIODE ARG JCUSSARMPLIFIER | a0 | T390 80 | 7500 | 1oo | 83 | 20000 | 0l3s0
160 | -20.0 7.0 3306 | 1315 | 4.7 7000 | 9.300
S Moot er [ 180 | -225 | — | — f20.0 3000 1550 4.7 6500 | 0.400
250 | —31.0 32.0 2600 | 1806 | 4.7 $500 | 0.900
TRIPLEGRID 100 | —10.0 | 1 1.6 | 9.5 | 104 200 2 10700 4
89 | powen ampurien | swaLepm | P01 | 43]T 3 1T | weaten | 630 0.4 | 250 | 250 | asprnTopees | 1gp | 1sl0 foo | 30 |20 ['eox0 | tsso | 118 th| ®
CLASS A AMPUIFIER | 269 | —2si0 | 250 | sis |32.0 | 70000 | 1800 | 135 6750 | 3.40
X5 TRIODE ® 150 Power output valucs acc for 7 tubes | 13600 | 2.50
CLASS 8 AMPLIFIER o = — at indicated plate-to-plate load. 9400 3.50
V-9 LA smae anue [ mate | 347 x 1 0 V'
X-99 A monE SMALL &N | FIG. 1 .i- . ,;,:: rumeny | 3-3] 0.063] 90 | — [aasameuner| 90 | - 4 2.5 | 15500 as | 66 | — | — |yxiog
oereciony . o< CRIEXE 5.0 sS40 | 1575 | 6.5
12-A L2 o MEDIUM 4PN | F10. 1 41 x 1| pamewy | S0 025 | 180 | — [CLASSAAMPURIER | 45 | 4575 77 4700 w0 | 835 | —— | — | 112-A
#For Grid-leak Detection—plate voits 45, gnd return to + Alament or to cathode. S¥Gnd « | control gnd.  Grid +2 s screen.  Gnd # 3 tied to cathode.
mEither A. C. or D. C. may be used on hlament or h pecifically noted. For use $Grd ¥ 11 conirol grid.  Gridi » 2 and s 3 tied to plate. % Applied through plate coupling resistor of 250000 chma.]
of D. C. on A-C flament types, decrease stated gri pprox.) of filament voltage. wGrids # 1 and # 2 connected together. Gnd # 3 uied to plate.  **For gnid of followang tube.
#Requires diffcrent socket from small 7-pin.
RECTIFIERS
wav Maximam AC Voltage per Plate__________ 500 Volts, RMS
3] s MEOIM 4PN | 7i0.2 | 517 % 14" | Pamest | S0 3.0 | — | — D.C Output Current.......—_ 250 Millaraperes 513
. Maximam A-C Plate Vol 130 Volts, RMS
1213 ’;5';',,','1‘};': SMaLL :m FIG. 22 44" x1%° HEATER 126 0.3 — | — ":::: DC Q:t‘;m‘;::;:nc P 2 )
RECTIFIER- . . Yﬂznmum A-C Voltage per Plate. oo - ,lzs Volts, RMS
2515 DoUBLER saL e | Pcs  falt x| wearem | 2500 03 | — | — D.C Output Current..___ 100 Miliamperes Cand
MALF WAVE 5 & Maximum A-C Plate Voltage = 350 Volts, RMS
1-v° AECTIFER SMALL 4-PiN Fi6. 2 47 %1 HEATER 6.3 03 — == Maxmum D-C Output Current___. . ___ . 50 Méhamperes v
FULL WAVE 5 5 A € Voltage per Plate (Volts RMS). 350 400 550  The S50 volt rating applies to Alter curcuits having an
80 AECTIFIER MEDIUM 4-PIN | FIG. 2 AU x b7 ) mamewt | .0 | 2.0 | — | — | 5.COutput Current (Maximum MA) 125 110 135 input choke of st least 20 hennes. 80
¢ x Gt M AC Plate Voltage . .. 700 Voits, RMS
81 SR mMEom apin | F10.3 (67 x 2 piament | 75| 1as | — | — i D-C Outon Corvent 5 Millamperes '8l
FULL-WAVE Maximum A-C Volllge per Pla:e - 500 Volts, RMS Maximum Peak Inverse Voltage__ 1400 Volta
| 82 RECTIFICR ©_ [MIOWM 4PN | FIG. 2 ) tHT | poment | 25] 3.0 = = ax;mum D-C Qutput Current Peak Plate Cwrent____ 400 Mull &
FULLWAVED 5 5 Maximum A C Voltage per Platc ._.soo Volts, RMS  Maximum Peak Invere Voltege 1400 Vols
| 8 RECTIFIER Meom 4PN | PG 2 ST x 277 | uament | S 0_"_3-0 -1 D-C Outpt Current . 250 Milliamperes _ Maximum Peak Plate Current____ 800 Milwmperes | . 83
84 FULL-WAVE . Mulmum A Voltage per Plate___________350 Voits, RMS (1
oo dZ¢ RECTIFIER MALLISPIN (DbEd LM HEATER €31 05 - | D-C Output Current e 50/ olse 424
> Mercury Vapor Type~ Interchangeabie with Type 1.
*l'm Grid le.ll\ Detectio 1o cathode. 1 Grid next to olate tied to nlate. O Two grids tierd

wgcther,

-plate volts 45, grid return

@ Requives di

ferent ~socket from small 7-pin.

to 4- flament or
Applied through plate coupliug resistor

of 250100 ohms.

o’

“For grid of following tube.

(p3nuniuod)

saqnl 6U!A!9388 :I.O SDHS!JS{.DE’JE’L{D

SDHS!JG{.DQJQL'O eqnl umn:)e/\ \ A A J

vVvyy

L9
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Characteristics of Metal Tubes

Fil or

Heiter ““ Mac G|y og ! prae
TUBE TVPE - d i © ‘ RIS Remis
y \ v
) ___I
1ol 3 0| 1.0lts 300N
t 100, 3.0 2,012,
100 3.0 3. 360M
8.0! ¥.0 10M
40 31 2 250
50 2%
250'18 331 106M
230 16,5 3¢ 0 5 100M
20 031 31 2 600
25025.017 19.5
6F6 K 4%.0 22,5

HHG RATNAS Direet Cure n

63T RTKANS n 4.0 2.0 2
| |
JR7 RTANKS 1KY 30T 0 s 7' SNON
6LT RVK. 1 60 35 2.0 mes -~
BLT-G 4 0] 3.0) 5.3 S00M
3Z4 RKNTS. . . ‘ 120
R My
6P7 A (Peut. section) 6.3 0.3 2500 100l 3.06 3| 3.0 ss0n
(Trinde ection Sproo 1303535 17.800
43-MG T 50 0.3 13 13520 34 4l 35.000
3 0.3l 230 2,00 0 % 91.000
0.3, 250 20, 0.9 09 65,000
0.3 125 100¢
2.0 400’ 123
50 V. total drop, 030
150 V. total drap: 0 3-A
R i
Courtesy

R-RCA and Raytheon; A-Ken-Rad; .{-Arcturus;
T-Triad; N-National Union; S-Sylvania, Thewe
letters appearing after the tube types above mean
that data was available from the makers on these
particular types. Some manufacturers do not as
yet make all the types at present available. Arc-
turus_tube designations are all terminated by G.”
meanmg glass-"metal’’; the Triad termination is

“MG", meaning metal-glass, Where manufacturers
differ somewhat in their tube characteristics, the
tube is listed twice, as is the case with the 6A~.

(84) (6Q) (i—)

- . .‘l
6A8  6C5&6D5 65

Mat | | phe 2 L o of
sl Fuctae | Loat | Put Ty Ping
ond l Wty
20 BAT & [ Pent Converter
| 537 1 8 (Pvnt Converter
BAT 7 |Pent Converter
| ™ 6 |Triode Amply
43 & | T'rivde Amp, Class
45 6 |Triode Amp, Chiss AR
- 42 7 |Pentode Outpur, Class A
2 42 7 [Pentode Outpur, Class \
2,700 7.0 1,000 Raoge 7 [Triode Output, Class \
lo'oool 190 | 42 | 7 |Pentode Outpur, Class is
6.000 18.0 42 7 | Triode Outpur, Class AH
’ none | 7 |Duodiede Detector
31 300+ 606 | 7 |Pentode Dot -Amp (Non-var Ma
1 4% 1.150 6D | 7 [Var Mu Anwldier
323 none | 7 |Pentagrid Mixer-Amphitier
110 none 7 |Pentugrid \ixer. iphter
573 5 |Fu||-w.l\'o—” -\ Auwphifier
10 ®9 617 8 |Pentode and
150 8 GFT 8 |Friode Amp in one Bulb
2,300 %0 4000 20| 43 7 |AC-DC Pawer Amp Pentonl,
L 100 | |7 |Pudiode-Trioide
1,500 100 | 5 |High-Mu Triode
7 |Full-Wave Rectifier
5 |[Full-Wave Rectifies
4 [Ballast tube
1 |Ballist cubw
| ! .
“Radio Craft”
The power tubes, 6D5 and 616 appcar more than

once because they are used under diflerent operat-
ing conditions. The "6Hi6 is equivalent to the two
diodes of a 75, while the 6F5 resembles the triode
section of a 75. The Triad 50A2-MG and 50B2-MG
are ballast tubes, both having a voltage drop of 50.
the former for use with one Type No. 40 vilot
lamp and the latter for use with two. They are to

be used in A.C.-D.C. sets, in place of the usual
series resistors.
(75) (7Q) (7R) (77

,02

~w

+
6F6

S
627 & 6K7

Metal Tubes Released After Above Chart

6NX5—Full-wave rectifier for automobile
service,
6Q7—Duplex Diode, high mu (70) triode.

6.3v heater.

Was Compiled:
25A6—Power-Amplifier-T’entode. 18y heater.

25Z6—NRectifier, voltage doubler. 85 m.t
Heater 0.3 amp.
07Z4—Gas-filled filamentless rectifier (Ray-

theon).

Compacf l F AmphFer with mefal tubes and Aladdin

midget iron-core |-F transformers.
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The Eimac Tube Family

Front row, left to right: 50T, 150T, 35T. In the rear are the larger tubes; left to right: 300T,
500T and a special-duty high-voltage rectifier.

W LY,
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TRANSMITTING TUBES
Static Characteristics

Max. . Inter-Electrode
Con- Cathode Max. Capacities
tin- l\)f:\x. (Contin-|
nous | ——— Plate| uous
Type Plate Volt-] D-C | Amp.] Grid | Grid | Plate | Base Purpose
Loss Volt- | ¢ ase Plate |Factor] to to to
In i Aurron) Current Plate | Fil. Fil.
Wattg] 88e [(Amps. M.AL uufds. | wifds, | uifds.
Low MU General Pur-
10 2.5 1.5 300 40 35 K D 3 AY B! pose Triode, Class A
45 Audio, Self-Excited
Oscillator, ete.
High MU Dual Grid
10 2.5 175 300 43 | 30 MS Triode. Class B Au-
46 dio  and  Doubler-
RBuffer
General Purpose Pent-
ode. Class B and A
59 10 25 2 300 45 | 30 N7 Audio, Crystal Oscil-
lator and Doubler
General Purpose Pen-
47 10| 250 173 300 45 130 1.25) 87| 132 M5 tode. Class A Audio,
and Crystal Oscillator
Audio  Amplifier and
685 10 6.3 8 400 Crystal Oscillator
Class B Modulator and
RK15 | 25 175 100 7al 271 MaC R. F. Doubler
Class B Driver or R. F.
RK16 10| 25 2 100) c; 75| ax| « M5 Awmplifier
Crystal Oseillator and
RK17 w| 25 2 100 220 1 7518 M3G | Doubler
Dual High MU Tri-
53 25 2 odes. Class B Audio
10 300 10 | 27 N7 and  Crystal Ose.-
6A6 6.3 s Doubler (Jones Ex-
citer)
Similar to 53-6A6, ox-
RK34 10| 6.3 SHOo3000 40 27 2.7 12 2 1 | M7A4A] cept Plate leads out
of top of envelope
Shielded R, F. Pentode,
RK23 25 2 a0 a0 | o+ 0 10 |10 | M7A [ For Crstal O
12 ] doubler  and Sup-
RK25 6 3 8 H00) 20 * 021 10 10 M7A pressor Mod. Amp.
802 15 6.3 A00 50 * M7A [Somewhat similar to
RK 23
Similar to RK 23, but
WE307A 15 5H 1 300) 30 * 35 15 12 M3A has filament instead
of heater
Low MU General Pur-
2A3 25 25 pose Triode. Class A
6A3 15 300) 6H0 2] 13 H] S My Audio, Self-Excited
6 3 1 Ose., ete,
General Purpose Tri-
210 15 750 12s) 600 T8 | s b 1 Mt | ode, Medium MU,
Class B & C Primarily
General Purpose High
15 73 125 600 75| 30 S D 3 Mt MU Triode, Class B
841 & Class C Primarily
R. F. Tetrode. Mainly
15 74 2 750 7 * 03 10 75 M useful  as  Buffer-
865 Doubler below 10
Megacycles
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TRANSMITTING TUBES

Static Characteristics

Max, . Inter-Electrode
Con- Cathode Max. Capacities
tin- My, | Contin-
uous [————/ Plate] YU | Amp.
Type | piate Volt-| D-CFactor| Grid | Grid | Plate | Base Purpose
Loss | age | Plate to to to
In | Yolt-|Current Current Plate | Fil, | Fil
Watts] 2€¢ [(Amps.) M.A uufds. | uufds. | uufds.
General Purpose Mle-
801 20 7 6] 125 750 g s 6 15 15 AVE] dium MU Triade.
Carbon Plate. Simi-
lar to 210
Low MU Triode for
250 25| 75 12 as0f 6o B ] 5 3 My Class A and Class
AB Audio
R. F. Tetrode similar
WE254B | 23| 75| 325 oo oo . osa[ 11 2| 5 8| M4A | to 865, but larger
General Purpose Nle-
800 35| 750 3 250 1250 100 | 15 25| 275 1 MAAC [ dium MU High Fre-
queney Triode, Use-
ful te 200 \MC
R-F Pentode. Used as
RK?20 35 75 3 1250 N5 02 11 10 M4A [ Crystal Ose., Buffer-
Doubler, Suppressor
Mod., Amp.
General Purpose Me-
40 75 4 1,250 85 1N 48 46 20| M4A dium MU  Triode,
RK] 8 Useful up to approx.
General Purpose  Me-
RK30 40 75 8 23] 1,250 ) 14 205 2 75 2 75 MAAC|  dium MU High Fre-
quency Triode. Sini-
ilar to 800
Zero Bias High MU
RK31 0] 75 3 1250 s | 27 M Triode. Mainly for
Class B Audio
RK32 10 ] 750 323[1250 wo | 14 3 2 1 MAAC [Ultra-High Frequeney
Triode
General Purpose Me-
830 401 10 2 KOO oD N 9 9 49 ) AYE dium MU Triode.
Somewhat similar to
S01
tHigh MU Triode. Class
8308 S| 10 2 1.250] oo 30 10 6 2 AYERY B Audio and Class
84‘|A Amplifier below 15
Megacycles
Ultra High Frequency
WE304A 30 75 3 25[ 1,500 90 11 2.5 2 67| M4AC|  Triode. Useful up to
about 250 Megaeyeles
R-F Tetrode. Buffer
WE282A | 70|10 | 3 Laoof 125 [ * 2 22| 68| M4A | Doubler useful below
15 Megacyceles
General Purpose Me-
50T 75 ) 6 SO0 125 12 ) 2 2 1 AAD | dium MU Low €
Triode. Useful up to
250 Me.
General Purpose Ne-
WE242A 100 | 10 3 250 1,250 175 12 13 65 4 J4 dium MU 1MHigh
Triode, Class A, B &
C up to 10 Me.
WE261A | 100 10 gooal12an 175 | a2 | oo 65 3 J4 |Similar to 211-2424
WE276A | 10| 10 | 3 |12% 160 | 12 | 0 4 I |Similar to 2112424
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Static Characteristics
Max. Inter-Electrode
Con- Cathode Max. Capacities
tin- Max, C[‘:;‘S'E"' \
uous Plate Amp. Base
Type l]’late Yolt- II’]);(t:e Factor] Grid | Grid | Plate Purpose
Tn_ | Volt-|Current| % | Current Pt | 5. | FL
Watts| 2ge [(Amps.) M. A uufds. | uufds.| uufds,
21 100 10 | 32501230 175 | 12 | 15 8 7 J4  [Similar to WE-2424
General Purpose Tri-
203A 100 | 10 3 25| 1,250 175 | 25 15 8 7 J1 ode, lligh MU, Class
B & C. Useful up to
10 Me.
High MU, High C Tri-
838 100 | 10 3.25| 1,250 175 | 27 8 6.5 5 J4 ode. Zero Bias Class
B; Class C, up to
15 Me,
Low MU, High C Tri-~
845 100 | 10 3.25] 1,250 175 5 15 8 7 J1 ode. Class A and AB
Audio. Also Self Fx-
cited Ose,
R-F Tetrode, Buffer-
850 100 10 | 3251250 165 * 2f17 |2 J4C | Doubler. Useful be-
low 5 Megacyeles
RK28 | 100|100 | 5 |2000 160 02 15.5| 5.5 J5A |R-F Pentode. Similar
to 803
WE284A | 100| 10 | 325 1,250 160 | 4.7] s.2| 7 7.8 | M4A |Low MU Triode. Sim-
ilar to 845
Medium MU Triode.
852 100 | 10 3.25] 3,000 125 | 12 3 2 1 M4BC Mainly for High and
Ultra-ligh IFrequen-
cieg
R-F Tetrode. Doubler-
860 100 | 10 | 3 25]3000 125 * 05 85| 9 |M4BC| Bufer. Useful below
15 Megaeycles
General Purpose ligh
211H 120 { 10 3.25| 1,500 175 | 12 8 5.5 2 JiA Frequency Triode.
Useful also for Ultra-
HF.
R-F Pentode. Used as
803 125 | 10 3.25( 2,000{ 160 L (151 15,5 | 28.5 | J54A Buffer-Doubler and
Suppressor or Plate
Modulated Amplifier
Medium MU Low C
HF200 | 150] 105 3.4 {2000 200]| 18 | 58| 52| 1.2| MAD | Triode, Class B and
Class C. Use to 60
Megaceycles
o - General Purpose Tri-
HK354 | 150 5 |10 {4000 300 | 14 4109 2| I e, 1L F.and U HLF.
Class B & C to 250
Me.
General Purpose Me-
150T 10| 3 10 3.000] 200 | 12 3.2 3 1 J4AD dium MU Low C,
Triode. Class B & C
up to 250 Me.
- Ttalgstenlp Fi]an;lgm
175 | 10 11 3,000 175 | 12 7 3 2 J4BC eneral Purpose Tri-
F108A ode. Class C up to
100 Me,
g .\I?diul? I‘Higlh C.\]IL'.
200 | 11.5] 4 2,500 250 | 23 6.5 6 1.4 J4AD Low C Triode. Class
HF300 B & l(‘ up to 60 Meg-
aeycles
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TRANSMITTING TUBES
Static Characteristics

Max, Inter-Electrode
Con- Cathode Max. Capacities
tin- Max. Contin-| A
nous ate] uous mp.
Type | Pt Volt-| DC |Fastor| Grid | Grid | Plate | Base Purpose
Loss | vt age ate to to to
In | Vo |Current Curren Plate | Fil. | Fil
Watts : . M. A, uufds. | uufds.| uufds.
\V.PE. 4 Pin Ba{fédqen.
urpose 1 ium
WE212D | 200 | 14 | 6 |1500] 25016 |19 [19 |12 | Spee. | MU iligh C Triode.
Not useful above 2
Me.
High MU, High C Tri-
204A 250 | 11 3.83 2,500 250 | 24 | 17 8 3 J3A ode. Class B & C up
to about 10 Mec.
General Purpose Me-
300T 300 7.5 11 4,000 300 | 16 4 3.5 1.5 | HAD dium MU, Low C

Triode. Class B & C,
up to 250 Mec.

General Purpose 'I'ri-
3l 2,500 300 | 16 21 18 2 WE2BC| ode. Class B & C up

to 10 Megacycles

WE270A | 300 | 10 9.

General Purpose T'ri-
2,500l 300 | 19 33.5 | 17 3 J3A ode. Class B & C up

to 5 Megacycles

849 350 | 11

e

Medium MU, Low C
831 400 [ 11 | 10 |3,0000 300 [ 14.5] 4 3.8 1.5 | J3BC | Triode. Class C up

to 100 Me.

861 R-F Tetrode. Buffer-
400 | 11 10 3,000 300 * 1117 13 J3BC Doubler up to 15 Me.
General Purpose Grid-
HK255 | 500 14 | 30 {35000 1000 3 | 3 12 7 Shes: | less Triode with Gam-
- ma Plate
Spec. t |General Purpose Me-
OOT 200 7.9 20 4,000 500 | 14 4.5 4 1.5 $AD dium MU, Low C
5 Triode. Class A, B,
or C up to 150 Me.
Tungsten Filament Tri-
F.l OOA 500 ) 11 25 4,000 300 | 14 10 4 2 J3BC ode. Low C, und use-
ful Class C up to 100
Megacycles
. High MU, High C Tri-
851 750 1 11 | 15.5[2,0000 500| 20 | 55 30 7 J3A ode. Class A, B & C,

up to 2 Megacycles

Medium MU Triede.
WE251A | 750 | 10 | 16 | 3,000 500 | 10.5] s 10 6 |WE2BC| Useful Class B & C

below 15 Megacyeles

Similar Triode toWE-

WE279A |i000 | 10 |21 [3000 30|10 |15 |15 s |wiaBe| 2517, but larger

Spee. |High Power Air-Cooled
H-K Triode

HK254 1500 | 14 45 5,000| 2,000 | 20 15 25

(&)
ot

A Plate Lead Brought Out of Top of Envelope. B Plate Lead Brought Out of Side of Envelope.
C Grid Lead Brought Out of Top of Envelope. D Grid Lead Brought Out of Side of Envelope.
M-4, 5, 6, 7:—Medium Receiving Type Socket. J3—RCA 250-Watt Socket.

J4—RCA 50-Watt Socket.

WE2—Western Electric 2.Pin Socket.

t Special EIMAC 4.Pin Base.

*u (MU) of all Tetrodes and Pentodes varies with screen voltage. The amplification factor is
lowered as the screen voltage is raised, but the transconductance is increased.

Limits of plate loss. plate voltage and plate current, given in the above table. are all independent
limits and should not be ded. Rarely will the circuit efficiency permit the above values of plate
voltage and plate current to be used at the same time. These limiting values are not to be considered
the actual operating conditions. In general. as the frequency of operation is raised the limits must
be reduced in order to keep the radio-frequency grid and plate currents from heating the tube seals.
See Manufacturers’ Application Notes for limits of r-f grid and plate current.




TRANSMITTING TRIODES
Class C Operating Constants

Frequeney i . Approx. Approx.
Max. q | Neuat. Above Plate CGiridl Negative Recom- LE Grid]  Approx.
T e Plate [N I““',"'l"l”‘"""k Capu- Which Plate Current| Current Girid mended Driving Power T e
yp Loss (NI Capacity city Ratings Voltuge in in Bias Grid-Leak Power Output yp
in ldentification | g | Must Be MoALC | ML AL Voltage | Resistance in in
Watts Reduced in Ohms Watts Watts
175
45 10 0.8 Med. ¢ 5 7,500 100 10 2t05 to 0000to]| 11038 10 45
—250 100,000
-20 2,500 to
46 10 | a0 High ¢ 7,500 100 5 | atern to 5,000 2 12 5 46
-50
46 20 46
10 30 High O 7,000 400 D25 Sto 1y to 2,500 to 21tot 6 to 10
As Doubler o 50 5,000 As Doubler
120
210 15 8 Med, € N 7,500 600 60 12 to 10,000 3tos 20 to 25 210
160
40
841 15 30 Med. C N 7,500 600 5 16 to 3,000 to 13 to 20 841
—67 5,000
120
801 20 X Med. C " 15,000 700 63 12 to 10,000 1to6 25 to 35 801
160
150
800 35 15 Low C 2.5 30,000 1,250 SH 20 to 7.500t0 | 4to6 63 10 75 800
220 10,000
—200
RK-18 10 18 Low C 5 30,000 1,250 N5 15 to 15,000 5 60 to 75 RK-18
-250
RK-18 -325 RK-18
10 I Low C 5 30,000 1,000 85 15 to 25,000 5tos 25 to 50
As Doubler 100 As Doubler
180
WE-304A 50 11 Low 25| 60,000 1,250 =5 20 to 10,000 65 to 75 WE-304A
-250
830-8 ) 30 Med. € 1 15,000 231 20 7'-’ no 830-B
N 4 Med, O 0 .',( X 1.2 N & t a0 StoN 63 te7H
930-3 L ¢! ) » ll:;.., ). L) 930-3

vL

jooqpueH ,,01AVY., °4l \ A A
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TRANSMITTING TRIODES
Class C Operating Constants

Frequeney Approx. Approx, Approx.
~\,l“-" : Inter-Electrod Neut, Above Plate Grid Negative Recom- R. F. Grid Power
Tvpe Plate U ”'8' 8 "('tr' ® Capa-|  Which Plate | Current | Current Grid mended Driving Output T
yp Loss (MU) Id “{.’a“ M city Ratings | Voltage in in Bias Grid-Leak Power _in ype
in dentifieation | yyfds | Must Be M. A, M.AL Voltage Resistance in Watts
Watts Reduced in Ohms Watts
1,000 125 20 —150 —200 | 10000 | 5to10  [70to00
50T 75 12 Low C° 2 16,000 2,000 125 20 3000 —400 [ 20,000 15 175 50T
3,000 100 25 —450  —600 | 23,000 25 225
150
211* 100 12 High C 13 3,000 1,250 175 25 to 7.000t0 | 10to20 150 211+*
15 200 10,000
—90
203 A wo | 23 High ¢ 13 5,000 1,250 175 35 to 5000 | 10 to25 150 203 A
15 —135
—75H
838 1o | 27 High ¢ 5 7,500 1,250 165 65 to 2,000 140 838
—135
2,500 100 35 —650 12,500 150
852 w0 | 12 Low C 3 60,000 to 852
3.500 100 50 —950 20,000 250
1,500 285 50 -400 8,000 30 320
354 150 | 14 Low C 4 60,000 | 2,500 285 10 —800 20,000 | 40 to a0 580 354
4,000 277 10 —1300 30,000 | 60 tos0 950
1,000 200 20 | —135t0 —180 7500 | 5to10 140
150 T 150 | 12 Low C 35| 60,000 2,000 200 25 | —270to —360| 12,500 | 15 to20 300 150 T
3,000 200 30 | —400to —600| 20,000 | 30 to40 450
1,500 175 30 | —150to —190| 6,000 25 175
HF 200 150 | 18 Low € " 15,000 |- e | - HF 200
2,500 175 30 —230 to —280 10 300
1,500 250 50 | —120t0 ~150 10 275 y
HF 300 200 | 23 Low C 6.5 | 45,000 = | Radiad s = HF 300
2,500 225 50 | —180t0 —250] 5000 | 60 150

*Data on the 211 also applies to Types WE-242A, 261 A, 276A.

se|qe] aqn] buypiwsues) \ A2

vvYyy
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TRANSMITTING TRIODES
Class C Operating Constants

Frequency . i Approx. Approx. Approx.
Max. . Neut. Above Plate Grid Negative Recom- | R. F. Grid Power
Plate U |Inter-Electrodel Capa-|  Which Plate | Current | Current Grid mended | Driving { Output T
Type Loss (MU) Capacity city Ratings | Voltage in in Bias Grid-Leak | Power in ype
in Identification| yyfds.| Must Be MLAL M.AL Voltage Resistance in Watts
Watts Reduced in Ohms Watts
2,000 250 60 —167 to —220 2,500 60 300
204-A 250 | 24 HighC |17 5000 | ————|— ) - ~ | 204-A
3,000 230 75 —250 to —325 5,000 79 a00
2,000 300 30 270 to —333 10,000 60 450
30T 300 [ 16 lLow C 14 60,000 | 3,000 300 30 | —400to —500] 15,000 75 700 300T
4,000 300 35 —3540 to —666 20,000 90 950
2,000 300 65 —180to —220 3,500 |.......... 400
849 350 | 19 HighC  [34 5,000 e e — R 849
3,000 300 80 —270 to —350 4,000 |.......... 650
3,000 300 60 —360 to —500 7,500 700
831 400 | 14.5 | LowC 4 30,000 R B 831
4,000 300 75 600 to —850 10,000 900
1,000 500 H0 —150 to —185 3,500 350
500T 500 | 14 Low C 1.5 60,000 2,000 500 50 | —300t0 —370| 7,000 750 500 T
3,000 500 50 —450 to =350 10,000 1150
—180
851 730 | 20 High C 35 2,500 | 2,000 500 100 to 2,000 650 851
2,000 H00 100 —360 to —440 4,000 700
- 70 | 105 | Med C 8 20,000 L e { WE-251A
WE-251A ’ ° ‘ 3,000 | 500 100 | —330to —700| 6,500 1050

9L

jooqpueH ,,0IAVY. 8yl \A A 4
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TRANSMITTING TRIODES
CLASS BC OPERATING CONDITIONS
Operating As a Linear Amplifier Or As a Grid-Bias Modulated Amplifier
Approximate
\u .\;Ietll’lato o . - Power Qatput
Max. oltage Ylate Fixe “athode
TYPE Plate I3 {Gross, | Current [*‘Cut-Off"| Bias Peak Carrier TYPE
Dissip. | (ML) Less In M. A, Bias | Resistor 100% |Zero Mod,|
In Watts Cathode (Volts) {Ohms) Mod. {Watts)
Bias) {Watts)
210 15 s 650 34 | —=s0 | 2330 30 7.5 210
801 20 | s 730 10 | — 90 | 2,250 0 10 801
800 35 | 15 | 1,290 1 | —s0 | 1,500 S0 20 800
WE 304 A 50 | 11| 1250 60 | —110 | 1,800 100 25 | WE 304 A
1.500 75 | —120 | 1,600 160 40
50T 55 12 - —f e B 50T
2,500 50 | —200 | 5,000 200 50
1,000 150 | — %0 530 200 50
211* 100 12 —— — — — - 211*
1,500 110 | —120 | 1,000 260 65
2,000 75 | —160 | 2,100 200 50
852 100 | 12 [ ] = _ 852
3,000 55 | —240 | 4,300 260 65
1,500 150 | — 85 570 300 75
HF 200 1o | 18 [ - — - | —f-——4 HF 200
2,500 100 | —130 | 1,300 400 100
HK-354 1,500 150 —120 800 300 75 HK-354
150 12 |- — - : - ;
OR 150T ! 2,500 100 | —200 | 2000 100 00 | OR 150T
HF 300 1,500 200 | — 67 350 400 100 HF 300
200 | 23 —_— - : |
3 2,500 133 | —100 %00 532 133
212D & E 200 16 1,750 180 | —100 600 300 125 | 212D & E
2,000 187 | — 80 425 500 125
250 | 24 = | I
204 A ° 3,000 133 | —120 | 1,000 600 150 204 A
[}
1,500 300 | — 90 300 600 150
300 16 |——— — -
300T 2,500 200 | —150 750 800 200 30T
1,500 300 | — 75 250 700 150
849 350 19 - — — — 849
2,500 225 | —120 550 840 210
2,500 240 | —165 700 800 200
100 14.5)——— — - C—— 1
831 3,500 190 | —225 | 1.200 | 1,060 265 83
2,000 375 | —130 350 | 1,000 250
500 14 —— - - 00T
500 T ° 3,000 277 | —200 700 | 1,333 335 5
851 750 | 20 | 2,500 500 | —120 250 | 2,000 500 851
2,000 500 | —185 400 | 1,500 333
750 | 10.5 s ——/— 1 WE251A
WE251A 3,000 415 | —280 700 | 2,000 500
*Data on the 211 Also Applies to WE-242A, 261 A, 276A.
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TRANSMITTING TETRODES AND PENTODES
— OPERATING CONDITIONS —

Max. | Max. Plate | Sereen| Con- | Grid |Approx.|
Plate | Sereen| Plate [Screen| Ruppr, Bias | Cur-| Cur-| trol | Driv-| Carrier
Loss | Loss | Use| Volt-| Volt-| Volt-| Volt-| rent| rent | Grid | ing | Power T
Type In In age | age | age | age | In In | Cur- |Power| Output ype
Watts| Watts MOA MOAL| rent In In
In | Watts] Watts
M. AL
« S00) 250 40 1007 45 e & .2-‘1{() 16
802 0] 6 1. i e 802
=M A00| 200 [ —45 G0p 22 28 45 ) 35
C 300] 200 45 Q0] 5 35 6 0].33 to| 24
12 b D
-23- — - RK-23-25
RK 23 25 Y S0 200 —45f 00l 32 4 6 0 .33_(0 5.9
)
C 5001 250 45 —90 45 14 2.5 16
- 1 s ! . - WE-307A
WE 307A ' S 300] 200 | —40 75 25 22 6.0 3
865 15| 3 | cf 750 125 a0l 50 10 25 865
WE-254B | 25| 5 | ¢ | 1000 150 —167 75 10 s0 | WE-254B
1,250 300 45— 100 92 32 > 0 1 S0
RK-20 10| 15 — : RK-20
SM | 1,250 300 45— 100] 43 36 540 1 18
WE-282A | 70| 7.5 ¢ 1230 250 |.... |—167] 125 15 wo | WE-282A
850 10|10 | ¢ |r2so 175 ] |—167] 160 35 | 130 850
C | 2,500f 300 2000 125 35 . 220
860 10 | 10 - - ‘ == e | 860
C | 3,500 350 —300] 100 45 ) 270
C | 2,000 500 40| —30] 160 42 16 1.75| 210
125 | 30 | : . |— | - 803
803 ? SN | 2,0000 500 [—135] —50p &0 55} 15 1.6 53
C | 2,000 400 45—100] 140 60 10 1.8] 200
- 00 | 35 [——{— | ' { : RK-28
RK 28 SM | 2,000] 400 —50]—100] SO 85 11 2] 60
C |3,0001 600 Lo |—250] 275 50 550
400 | 35 |— = 1 ] 1 q- B - |- -
861 c |4,0000 600 | ... =300 250 | .. |60 |.....| 700 861

C—Class C R-F Oscillator, Buffer or Amplifier.

SM=Suppressor-Grid Modulated Amplifier.

Note—The small variations from any indicated inner-electrode voltage in a multi-element tube
can cause a material change in all of the electrode currents.
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CONTINUOUS WAVE (C-W) TELEGRAPHY

The analysis of the circuit and compo-
nent parts of so complex a device. ‘radio
transmitter is not an easSy task, the
development of the subjeet: mat ~ean
be made plain so that the beginner as well
ax the advanced amateur ean develop as
well as enrichen their scope of the subject,

Definition: A radio transmitter consists
of some form of a high-frequeney oscilli-
tor, and buffer amplitier stages wnich serve
the dual purpose of amplifying the rela-
tively weak output of the oscillator, and
irolating the oscillator from the keying or
modulation surges usually applied to the
final amplitier. 3

In addition to the above, certain type# ot
Irequency  stabilizing equipment (such as
piezo-crystal stabilization) are employved to
maintain the frequeney at one value, The
use of buffer amplifiers may be nccessary
when doubling the frequeney generated by
a0 erystal ooscillator: doublers are required
hecause mechanical limitations prevent the
stihle operation of piezo-crystals at fre-
quencies higher than about 8 megacycles.
whereas the final amptiticr may be required
to operate on much higher frequenciesx. The
various buffers and doublers drive the grid
or grids of the tubes used in the final ampli-
tier stage, The final stage functions as a
converter of direct-current plate current
into  radio-frequency alternating current,
which is supplied to the radiating portion
ot the antenna system through some form
of coupling device,

The Oscillator: The function of each por-
tion of the parts in a transmitter, and the
offect of varying the characteristics follow
in a step-by-step analysis. Figure 1 shows
the fundaniental circuit of a typical trans-
mitter using a 17 crystal oscillator and a
1% buffer-doubler,

47
'a L
2 ] £2
= LINK
| %e
3" CI' Rz
it
C2 ﬂi
- Jq J2
84400
FIG. ¢
Fentode crystal oscillator, link coupled to

buffer stage.

The tirst component,
the piezo-crystal. It usually consists of a
thin, Hat quartz plate whose physical dimen-
sions perinit it to resonate mechanically at
the frequency of the oscillator, The crystal
ix mounted between two flut metal plates
which rest very lightly on the crystal in
order to avoid the dampening effect of any
pressure which would tend to retard and
nake diflicult mechanical oscillation. Some
of the better type of crystal holders have
an air gap between the top plate ang crystal

from left to right.

minlmlzv any dampening effects,  The
%j]l(ll(' are lapped perfectly flat,
piece of quartz functions as the
dielectric: When the erystal is set into a
state of mechanical vibration an alternat-
ing-current voltage is developed across the
condenser which is impressed across the
grid circuit. The erystal will continue to
vibrate =o long as there is some kind of
electrical vibrating stimulus applied to it.
Hence, this stimuli can come from a sepa-
rate source, such as an oscillator and tube
circuit in which a small portion of energy
is taken from the tuned plate circuit and
fed back to the crystal circuit to susxtain its
oscillation.

‘When the crystal is
lation, it acts as a very sharply tuned series
resonant circuit, consisting of high induct-
ance, low capacity and low resistance, The
actual frequencey is slightly higher or lower
than exact resonance xo0o ax to give an in-
duetive or capacitive reactanee depending
on the character of the oscillating cireuit.
A cerystal-oscillator circuit has a very high
*Q,”" which ix an index of its resistance to
changes in resonant frequency with varia-
tion in externil constants. In thisx manner,
the crystal acts as a tuned grid circuit whose
resonant . frequency is quite free from
changes caused Dby load or voltage varia-
tions. However, the frequency may vary
slightly with changes in the temperature
of the plate, but in amateur practice the
temperature effect need not be seriously
considered (at least for the present).

The low-frequency crystals which
ate upwards to 1000 KO usually st
and develop more output energy than the
higher frequency types, which :ire more
fragile and rather difficult to handle,

maintained in osecil-

oper-
art easier

The Radio-Frequency Choke: The next
components in the oscillator circuit are the
radio-frequency choke, RF¢1, and the je-
sistor, RI1, which are connected in series
and \hume(l across the crystul. The pur-
pouse of the resistor is to provide a DC
return for the grid of the oscillator
tube, In addition to the D¢  bias on
the grid of the tube, there is also
present an AC voltage which is caused by
the plate-to-grid feedback in the tube. This
AC voltage exceeds the DC bias and causes
the grid to periodically go slightly positive
with respect to the filament. When the
srid is positive it attracts some of the elec-
trons emitted by the filament which are
rectified into a uni-directional current
thalf-wave rectifier). This sinall rectified
DC current flows back through resistor R1
to the filament; during this tlow a voltage
drop occurs across IRl which isx impressed
on the grid and therefore becomes the source
of DX bias voltage. The purpoxe of choke
RFC1 is to impede the flow of AC' current
while at the same time offering little or no
resistance to the passage of DO to ground
through R1.

In general, lowering the ohmic value of
111 down to about 10,000 ohms will increase
the RF output from the oscillator, although
the use of high resistive values up to about
50,000 ohms will permit the crystal to start
casier. Tt is has been found that the bet-
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ter made crystals start with a 10,000 ohm
resistor, while poorer or inferior makes re-
quire higher ohmages.

In crystal oscillator circuits where har-
Inonic generation is utilized in the erystal
stage itself, such as in the “Tri-tet,” “Dow
Crystal Doubler,” and in the “Jones All-
Band Exciter,” a high value of grid leak
is used for an altogether different purpose.
The distortion in the output of a vacuum-
tube amplifier increases as the bias is in-
creased, and it is the harmonic distortion
which produces the second or fourth har-
monic selected by the output tank cirecuit.

Center-tapped Resistor: These are used to
divide the DC and RF currents equally
across both halves of the filamnent. If these
returns were connected to only one-half or
to one side of the filament the 60 cycle AC
hum would increase in the output, because
one-half of the filament heating voltage is
periodically added to and subtracted from
the grid voltage, which effectively modu-
lates it with thc hum frequency.

Oscillator Tube: The oscillator tube re-
quires little mention. Vacuum tube theory
and operation are completely covered else-
where (see Index). The ideal crystal oscil-
lator tube should have a high amplification
factor, medium-to-low plate resistance, as
well as low inter-electrode capacities. The
screening need not be perfect as soine feed-
back is necessary for self-oscillation, but
it must be kept at a very low value to keep
the RF current at a minimum. In some
transmitting pentodes, such as the RK20
and 802, the screening is so perfect that a
small external capacity must be used to
provide the necessary feedback. This is
advantageous in that it allows some adjust-
ment of the feedback so that the best pos-
sible compromise between power output and
RI* current through the crystal can be
obtained.

By-pass Condensers: At all points where
radio-frequency energy is by-passed in an
amateur transmitter, non-inductive con-
densers of the mica dielectric type should
be used.

Resistor R2: This resistance drops the
plate voltage for the screen circuit to ap-
proximately 100 volts. The value of R2
can be between 25,000 and 50,000 ohms be-
cause the screen current varies enough to
offset variation in this resistor, thus vary-
ing the drop through the resistor so that
the screen voltage is normal.

The Buffer Doubler: The grid circuit is
ALWAYS tuned to the same frequency to
which the plate tank circuit which feeds it
energy is tuned. even if the stage operates
as a frequency multiplier, because frequency
multiplication manifests itself in a plate
circuit. The resistor R3 acts as the grid
leak for the 48 stage and places a DC bias
on the grid, due to the rectified current
which flows through it causing the usual
voltage drop. Whether the stage is
to  operate as a straight buffer am-
plifier, as a frequency multiplier, or
doubler, are also factors which determine
the value of R3. If the available excita-
tion is low (less than 10 milliamperes of
DC grid curreat, measured at J2) the grid

leak can be eliminated and the lower end of
1.2 connected directly to ground. 1In this
case, condenser C5 would also be eliminated.
Howeveér, more excitation than 10 milli-
amperes is generally available and thus the
grid leak is desirable. Its value is not
critical up to 2,000 ohms, and values as high
as 5,000 ohms are sometimes desirable for
best doubling efficiency.

The grid by-pass condenser Ch provides
a path for the RF return so that the grid
circuit is completed back to the filament.

A typical oscillator and pentode buffer driver
for a medium power pentode doubler.

In other words, the DC grid path goes to
ground through R3, while the RF grid path
to ground flows through CH and not through
R3.

In the flrst buffer stage maximum power
amplification is desired, not maximum plate
etficiency.

Neutralizing: As was previously shown in
the oscillator stage, the plate and grid of an
ordinary vacuum tube act as two plates of a
small condenser, so that a 1neasurable
amount of RRI* voltage present in the plate
circuit is by-passed back to the grid circuit.
where it adds to the voltages already present
in that circuit in again increasing the am-
plitude of the RF voltage in the plate cir-
cuit. Thus there is a cumulative rise in the
AC plate and grid voltages which continues
and rises even after the excitation voltage
from the oscillator is removed. This condi-
tion is called Self-oscillation; it is the fre-
quency at which oscillation is not controlled
by the quartz crystal. This state of oscilla-
tion is avoided by the process of neutraliza-
tion.

The fundamentals of resonant circuits
shows that the voltages at the opposite
ends of a parallel resonant tank circuit are
equal, though opposite in polarity at any
given instant, when the center ot the coil
is the reference point, In the case of the
plate tank coil L3 and the condenser CT,
the reference point is established at the
center of the coil and in the condenser by
grounding the split-stator rotor. So if the
capacity of C6 is equal to the plate-to-grid
capacity of the 46 tube, the voltage drop
across this condenser will be equal to the
voltage drop across the small condenser
consisting of the tube, thereby balancing out
the AC voltage, 1If this voltage was not
neutralized, the tube would go into a state
of self-oscillation.

Neutralization to prevent self-oscillation
is necessary only v-hen the stage is operated
as a straight buffer-amplifier, When the
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stage is employed to function as a doubler,
there is little tendency for self-oscillation
because of the plate tank circuit being
tuned to a different frequency than that
of the grid tank. However, the neutraliz-
ing circuit becomes a regeneration “eircuit
and actually aids in doubling by increas-
ing the grid drive at the output frequency
due to capacity C6. In a doubling circuit
this capacity should be greater than the
capacity necessary to properly neutralize
a stage which operates as a straight ampli-
fler.

The RF power in L3 can be employed to
excite an antenna by means of any of the
diverse antenna coupling methods, or to
excite another RF amplifler stage by means
of a coupling link, similar to link 1 be-
*tween the oscillator and the 16 stage.

Notes on Mechanical Design
and Construction

The factors entering into the mechanical
design and construction of an amateur
transmitter are those which govern the
efficiency and the results obtainable from
a circuit specification. It is important,
therefore, that a great deal of considera-
tion be given to the constructional details.
Practical notes are given herewith.

Before constructing a transmitter, all of
the various parts should be laid out on a
board (commonly called a “breadboard”)
or chassis and moved about until all of the
RI® leads are as short and direct as it is
possible to make them. It is not necessary
to strive for a symmetrical layout in order
to improve the appearance to an onlooker;
short and direct leads are important if the
transmitter is to operate efficiently.

It matters little what type of base the
apparatus is mounted on. A metal chassis
is preferred by some constructors, while
others prefer wood; however, the metal is
a little more difficult to work., If the chas-
sis is of metal, aluminum or copper should
be used, especially if radio-frequencies are
present. Cadmium or copper plating on
steel is often satisfactory.

Boards have certain losses on account of
most soft woods being poor dielectrics,
which absorb energy in strong electro-static
fields, such as those surrounding a trans-
‘mitter stage. The losses may be minimized
by selecting dry hardwood for the base.

An excellent breadboard base can be made
of ordinary white pine covered with a thin
sheet of No. 20 or 30 gauge aluminum, the
sheet being neatly fastened by bending over
the edges and tacking the underside down
with small wire brads. This type of base
allows condensers and coils to be mounted
with ordinary wood screws. The metal acts
as a shield and also keeps the capacity-to-
ground constant from the various parts of
the transmitter. Shielding is a necessary
requirement, although it represents a small
loss. Natural shielding; that is, the greatest
permissible space between stages, is better
than metal shields.

Since link coupling has been universally
accepted as being a superior method for in-
terlinking stages, there is now no valid
reason for placing more than one stage on
a single breadboard, as coupling links can
be lengthened upwards to ten feet. If

transmitter stages closely adjoin each
other, it is necessary to resort to interstage
shielding to prevent feedback. Coniplete
shielding, as is specifled in receiver con-
struction, is not a necessary requirement
in transmitter design; a double baffie
separated by at least one-fourth inch and
six inches high will suffice in practically all
cases. The plates must not touch except
where they are supported to the common
ground connection, or screwed to the metal
chassis,

Typical final amplifier with two W. E. 211-D
tubes.

Recently a movemment has been intro-
duced to more or less standardize the size
of breadboards and chassis. This practice
ought to be encouraged by all amateurs, as
it facilitates the quick exchange and re-
nMlacement of component parts. In general,
chassis sizes more or less follow the stand-

Jones Exciter on aluminum or steel chassis.

ard rack construction specifications orig-
inally adopted by the Bell System. The
front panel of a standard rack is 19 inches
wide and is some even multiple of one and
three-quarter inches high. Three common
sizes are: seven, eight and three-quarters,
and ten and one-half inches high.

The breadboards or chassis that are
mounted on or behind these front panels
cannot be wider than 17 inches, due to the
clearance limits between the side members
of the standard rack. Most chassis are
eight and one-half to twelve inches deep.
No movement toward standardizing the
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depth has been started om account of the
limitations in the strength of the support-
ing structure,

neat way to lay out a transmitter is
to obtain several pieces of five-ply veneer,
ecight and one-half inches square, and then
covering these pieces with No. 28 gauge

Relay rack mounting for exciter and buffer.
Power supply on lower deck

aluminum. Such breadboards are of the
correct size for a single low-power stage,
and eaeh can be quickly removed from the
completed transmitter when rebuilding or
when changes are necessary. For standard
rack mounting two of these small bread-
hoards may he mounted behind each panel.
A plug and jack arrangement conveniently
allows almost any stage to be taken out
and replaced with another, especially in
transmitters having a 47 oscillator, Jones
Ixciter, or electron-coupled oseillator stage.
Here the buffer and doubler stages are iden-
tical and use type 210 tubes; henee, a 50

803 pentode, driven by Jones Exciter, all on
a single relay rack.

s &
PNk

| k-w Audio Products amplifier, wood frame-
work construction. Two HK-354 triodes in

push-pull.  Grid condenser and coil at
bottom.
watt stage may replice any of the push-

pull 210s.

Nothing in the transmitter should Dbe
nailed down. 1ach  coil, condenser, etc.,
need only be fastened firmly to some sup-
port; however, it is a prerequixite that all
the apparatus be placed in such i manner
as to permit quick replicement should any
part burn out or fail.

Not even a radio engineer can lay out a

radio transmitter with the hopes of ex-
pecting it to operate perfectly the first
time it is tested. Often it is found that

there is insuflicient excitation to some par-
ticular stage, requiring, of course, the ad-
dition of another Dbuffer stage: this is a
relatively simple problem if each stage is
mounted on its own little board. Ditliculty
experieneed from parasitic oscillation ean
be more easily corrected when individual
breadboards are used.

When laying out a stage on a breadboard
or chassis, the grid coil must bhe placed
as far from the plate coil as possible—at
least five times the diameter of the plate
coil away from it. If the two coils are
in elose proximity, difficultiex may be en-
countered in neutralizing the stage. In
some cases, especially in high-power stages,
it is desirable to orient the coils so that
they are at right angles to each other so
that the flelds around the two coils will
have the minimum of interaction between
them.
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High power Gammatron driver.

Tank coils for low power stages may be
wound on receiving-type plug-in coil forms,
providing ihat they are made of ceramic
or Isolantite insulating materials, Most
amateurs prefer five prong plug-in coils to
simplify coil change and exchange between
stages,

Isolantite
forms are

sockets for tubes and coil
desirable. Some of the newer
wafer-type sockets are 'satisfactory for
stages operating with less than 500 volts
plate voltage. The latest type midget con-
densers give splendid results when used in
the grid and plate circuit of low power
stages, Good practice dictates that a
closed-circuit jack be placed in every grid
and plate circuit, even though some meters
may always be in the circuit. When the
stage is removed fronm the transimitter for
test or rebuilding, it is always convenient
to be able to quickly check the grid and
plate current while the stage is being
tested on the workbench,

Notes on Electrical Design

Shunt-Feed and Series-Feed Tank Cir-
cuits: Two methods are employed to sup-
ply plate power to the transmitting tube:
one of these is known as “Shunt-Feed,”
which delivers the DC from the power sup-
ply directly to the plate of the tube. This
method prohibits the passage of any radio-
frequency voltage present on the plate of

the tube from being by-passed bhack to
ground through the power supply. The RF
currents are retarded from seeking this

path by the inclusion of a RF choke
shunted directly across the plate tank coil,
Thus, a good test for a radio-frequency

choke is to conhect it across the tank con-
denser and depress the key. If the pres-
ence of the RF choke across the tank con-
denser materiatly detunes the circuit from
resonance, the choke was functioning in-

etticiently.  Few RF chokes can withstand
this test.  One of the disadvantages of
shunt-feed is that no choke has infinite
impedance, and therefore a finite armount
of RE power is lost to ground. 1t is dif-
ficult to design and build a RI° choke that
is effective when used on more than one

of the
even
band,

These bands are
lowest  frequency
R chokes operate best on

amiateur hands.
harmonies of  the
whereas

D

S 37 )

Single-ended HK-354 Gammatron amplifier.

the odd harmonies of the lowest frequency
tfor which they are designed; hence, a multi-
band choke is only a compromise on all
bands and is theoretically perfect on none.

The only advantage of shunt-feeding
Plate voltage through an RF choke is that
it allows the plate tank coil and condenser
to operate at ground potential with respect
to the DC plate voltage. This condition
is sometimes desirable in the design of
transmitters in which the connecting leads
must be kept at a minimum to permit quick
band changing.

Series-feed applies the NC voltage at the
bottom, or low potential end ¢middle of the

coil in a split-tank circuit) of the plate
tank coil; no radio-frequency difference
voltazes exist between this point and

ground, and practically no RF finds its way
hack into the power suppty. In some cases
where the grounding of the transmitter is
somewhat uncertain it is advisable to use
an R1° choke at the ground end of the coil
to prevent the passage of any small RI
potential differences from one part of the
transmitter to another. The choke has very
little work to do and can be small in size.
The

Eliminating Xey Clicks: transntis-

sion  of intelligence by means of radijo-
telezraphy’ involves the variation of
the RI carrier output between the full
“on” and the full “off’ position. **Mark’”

and “Space” are defined by the presence
and absence of radiated output, respectively,
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53 exciter, 803 doubler, 803 buffer for driving
I k-w final amplifier.

The carricr wave is usually cut "on” and
“oftf” during the keying process by open-
ing and closing the supply circuit which
delivers plate power to one or more stages
in the transmitter. If the change from
the *‘no output” condition to the “full out-
put” condition occurs too quickly, an un-
desired key click will be produced. This
click will be radiated over a very wide
range of frequencies on each side of the
carrier frequency, causing a particularly
annoying form of interference to other
radio services. Key clicks are often audible
within a 100 mile radius, but usually cause
aggravating interference to radio reception
nearby.

There are two distinct types of key
clicks; the most common occur at the start
of an impulse, or when the key is closed.
If the voltage builds up too rapidly, a dis-
continuous wave will be produced, and its
amplitude may be several hundred times
the amplitude of the signal wave. This
tvpe of click is usually damped-out by
providing some form of time-lag in the cir-

cuit which forces the DC current to build,

up relatively slowly. By ‘“slowly” is meant
that the time required for the current from
the power supply to go from zero to maxi-
mum be about one-one-hundredth second.
If the time is less than approximately one-
five-hundredth second, annoying clicks will
be produced.

The most common form of lag circuit is
one that uses a variable series inductance
in series with the key, or keying relay.
Often no variable inductance is available,
but the inductance of any choke coil can be
readily varied by connecting a variable re-
sistor across it, as shown in Figure 4. The
required value of the inductance depends
on several factors, such as the amount of
current flowing, the plate voltage, the volt-
age regulation of the source of supply, the

characteristics of the fliter on the supply,
ete. Thus, no definite value can be speci-
fied in advance. Iliminating keying inter-
ference resolves itself into trying every
known remedial measure until a satisfac-
tory one is found.

The second type of key click is that
which occurs at the end of each impulse
when the key is opened. This click is a
combination of the spark produced at the
key contacts and the sudden change in volt-
tage applied to the RF amplifler. The use
of a series inductance increases this type
of key click due to the large inductive back
EMFEF when the circuit is opened. and the
spark across the key contacts. Ordinarily,
the click produced when the key is opened
is considerably less bothersome than that
produced when the keying contact is closed.
However, a series inductance can often
eliminate the “make’ click at the expense
of doubling or tripling the amplitude of
the “break’” click. The latter type of click
is best eliminated by connecting a con-

denser in series with a variable resistor
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How the three types of c-w signals appear on
the screen of an oscilloscope.

Vacuum tube keying unit.
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across the keying contacts. The condenser-
resistor circuit represents a compromise be-
tween a minimum of clicks and good keying
characteristics. The value of the condenser
is not critical, it may be between % and 2
microfarads. However, the resistor must
be carefully adjusted for best results. If
the value of the resistor is too large, it will
put "tails” on the dots, making the signal

difticult to read. If the ohmic value
is too low, the plate voltage will di-
minish too rapidly and clicks will be

produced. A time-constant of approxi-
mately one-one-hundredth second will, in
most cases, allow satisfactory keying with-
out bothersome clicks, although a fast op-
erator who manipulates an automatic key
may find that the dots are accentuated to a
higher degree if the time constant is re-
duced to 70-to-80-thousandths second.

L. Ry
HEY OA
RELAY
power supply. LI should

c
R
be of a value between |

B- and 5 henrys; RI, 20,000
ohms; C, between !4 and
2 mfds.; R, 2,000 ohms.

Conventional center - tap
keying with an adjustable
key-click filter. This system
gives very good results.
The actual amount of in-
ductance and capacity in
the circuit depends on the
amount of current being
keyed, and also on the volt-
age regulation of the plate

FIG. 4.

To minimize the effects of the above com-
promise, it is desirable to key in some cir-
cuit that draws negligible power. The grid-
block method of keying is useful because
the key is required to open a circuit that
carries no current at that instant. When
keying the oscillator stage to obtain per-
fect break-in operation, the screen can be
employed; on the other hand, the center-tap
method of keying the stage is also satisfac-
tory. Most of the high-powered commer-
cial transmitters that key many kilowatts
of power at speeds up to 500 words per
minute use some variation of the vacuum-
tube keving system of which representative
examples are given in Figures 2 and 5.

A click at the “make” means that some
form of series inductance must be added in
the plate or grid circuit of one or more of
the amplifiers. A click at the "break” in-
dicates that a condenser is required across
the keyed circuit to enable the voltage to
diminish slowly and evenly. The adjust-
ment of the series resistor is by far the
most important in eliminating clicks.

Key Thumps and their Prevention: The
deep Kkeying thump which causes consid-
erable interference is largely due to the
plate voltage power supply building-up
when the key is open, thereby causing a
sudden surge of output at the instant the
key is closed. The transient may rise to
several times the average amplitude of the
steady carrier., The thump may be elimi-
nated by improving the voltage regulation
80 that it is not over 15 per cent higher
when the key is open than when it is

closed, during which times a power demand
is being made. The best way to improve
the voltage regulation is to connect a
bleeder resistor across the output of the
filter; the bleeder should draw enough
power to sustain the voltage when the key
is up. The exact value of the bleeder can
best be determined by experiment because
the regulation of most power supplies var-
ies quite widely.

To design a scheme for the prevention
of key thumps and clicks, it is only neces-
sary to place a sufficient amount of induct-
ance in series with the key to prevent too-
sudden building-up of oscillations. By se-
lecting the proper value of inductance the
desired degree of “lag” can be introduced.
The effect of the inductance in the circuit
is satisfactory when the key is eclosed, but
when the contact is broken, an are occurs,

KEYED TUBE

CONNECT
AT Tuet

PAIR OF 245s
50 ua

VAN
230,000

.

FIG. 2.

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

ORDINARY CENTER TAP KEYING

NWEYED Tuse

S .

REY

sowcT

FiL vm.n‘c': FIG. 3.

Ordinary centertap keying. The center-tap of
the filament transformer must not be grounded.
As a general rule, the filament transformer which
supplies the keyed stage will not be used to
supply any of the other stages. The B minus
lead from the power supply should be grounded.
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FIG. 5.

High speed commercial vacuum-tube keying
system.

which has the tendency to burn the con-
tacts, To offset this effect, it is only
necessary to connect a condenser across
the contiacts of the key to absorb the
“inductive kick-back.” Now, when the
!(ey is again closed, the condenser gives up
its charge, causing a spot-welding effect on
the key contacts, which gives rise to para-
sitic interference from impact excitation
of associated circuits. To remedy this con-
dition, a resistor is placed in series with
the condenser to prevent sudden discharge.
Unfortunately, the resistor impairs the abil-
ity of the condenser to take on a sudden
charge, absorbing the self-induced voltage
of the inductance at the opening of the
key and to some extent defeats the original
purpose of the condenser. To compromise
hetween the small arc occurring at the
opening of the key and the small welding
effect on the contacts at the closing of the
key necessitates some sort of ingenious
remedial measure; Figure 6 shows a scheme
of great practicability. There, L1 and L2
are in series with the key and provide the
necessary ‘“lag.” The “kick” from L1 is
cushioned by ('2. In turn, L.2 prevents (2
from spot-welding the contacts on dis-
charge. Similarly, the self-induced voltage
in .2 at the opening of the circuit is taken
care of by C1 and .1 and prevents a sud-
den discharge of Cl. The correct values
of I. and (' can be determined experi-
mentally, The c¢ombined capuacity of €1
plus C2Z should be 1 microfarad or less.
The value of the chokes are similar to
those used in power packs.

Primary Keying: This is a type of keying
which permits a grid-leak bias to be used
on the keved stages. This method prevents
clicks and safeguards the fllter condensers
in the keyed stages, and in addition, does
away with the necessity of using a high-

C
I
I ) I
Lt L2
c2
FIG. 6.

Key thump filter.

voltage bleeder and eliminates back wave
100%, if more than one stase is keyed.

The disadvantages of primary keying are:

() requires a heavy current relay that
can break an inductive AC circuit.

(h) Tends to blink the lights when used
on high power,

(¢) Sometimes creates band
BCL sets on the same line,
by 60 cycle surges.

(d) makes perfect keying at high speeds
difticult due to the tendency of the
filter condensers to add ‘tails” to
the dots in some cases.

thumps in
caused

Center-Tap Keying: This is another
widely used method of keying which allows
the use of grid-leak bias on the Kkeyed
stage, but separate bias must be used on
all succeeding stages.

The advantages of center-tap keyving are:

(a) will follow an automatic key (bug")

perfectly.
() improves the readability of received
signals, o

(¢) permits the use of high voltage
DC relays which are relatively mod-
est in price.

The disandvantages of this system of key-
ing are: causes bad clicks unless a well-
designed click filter is used. Thumping is
increased if a heavy bleeder is not placed
across the high voltage: in addition, the
bleeder is a nhecessary accessory to pro-
tect the filter condensers from failure when
the Key is open,

Keying the Oscillator: This is not a type
of keving but a place to key. It justifies
special mention because it sems to give
best results at the present time.

The outstanding features of this keying
arrangenient perimit complete break-in and
completely eliminate back-wave; also, prac-
tically eliminate clicks and thumps, and
wili key at high speed. Unfortunately, the
plan requires that a fixed bias be supplied
to all the amplifler stages; also, the Keying
may give rise to a “chirping effect’” unless
the screen voltage for the crystal oscillator
tube is taken from a voltage’divider, rather
than from a series resistor,

Blocked-Grid Keying: This method can
bhe satisfactorily used to eliminate key
c¢licks in low or medium power transmit-
ters. In Fig. 7. R1 is the usual grid leak:
fixed bias is applied through the 100,000
ohm resistor R2 in order to block the griad
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BLOCKED GRID HKEYING

FIG. 8.

current.  Ax it general rule, 200 to 400 volts
of biasx from a small € bias supply will
reduce the output to zero. In Fig., 8, the
alue of R1 s from two to three times
as high in value asx R2, the combination
being connected across the high voltage
supply. The keying relay shorts out the
additional hiax obtiained in thisx manner when
transmitting

TO ANTENNA
POS)
RECEIVER

FIG. 9. Wave trap.

Interference Elimination by Wave Trap:
Interference eaused by amateur transmit-
ters in the neighborhood of broadeast re-
ceivers is usually due to the fact that the
first RF stage in the wet does not possess
sutlicient selectivity. Thus the high-fre-
quency signal from the amateur transmit-
ter rides through into the grid of the tirst
tube in the receiver. Usually no amount
of seleetivity beyond this point will elim-
inate the interference. The amateur signal
causes detection and eross modulation in the
first tube.  One method of reducing this
type of interference is to plaece a tuned
wave-trap in series with the antenna lead
to the broadcast receiver, The trap is tuned
for the weakesxt response to the interfering
signal; the device should be placed as close
as possible to the antenna post on the set.
Tt is also essentinl that the receiver bhe
provided with a short low-resistance con-
nection to ground to prevent the AC power
line from bringing in the interfering signal,
in spite of the wave-trap.

Eliminating the Chirps when Keying the
Crystals: In the conventional pentode c¢rys-
tal oxcillator circuit, the screen voltage is
obtained from the plate power supply by
means of a xeries dropping resistor. When
an attempt i= made to key in the center-
tap of suech a ecireuit, a bothersome and
spurious-like chirp is manifested in the
signal tone. When the key is up, the screen
voltage rises to the same value as the plate
voltage, which is from 350 to 450 volts.
With the key open, no space current flows
through the tube lhecause there is no cur-
rent through the screen dropping resistor;

hence, there is no voltage drop, and the high
voltage is thus applied to the screen. When
the key is closed, and spaee current starts
to flow in the tube, the screen current
causes a  voltage drop aeross the usual
series dropping resistor and the sc¢reen
voltage than drops back to its normal 100
volts However, it does not drop back in-
stantaneously; during the time the screen
voltage ix dropping there is often a very
noticeable change in the frequency, which

wa]
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PENTODE  OSCILLATOR
FIG. 10. Key chirp eliminator.

ciauses the ehirp. Thix effect ean be elim-
inated by keeping the screen voltage ap-
proximately constant, whether the key is
oben or closed. The remedial measure re-
quires the use of a voltage divider, instead
of a seriesx dropping resistor as a source of
screen  voltage, as shown in the circuit
above. The value of the resistance R =hould
be choxen xo that the voltage on the screen,
when the key ix closed, ix 106 volts when
measured by a high resistance voltimeter.

Miscellaneous Notes on
Transmitter Adjustments

A transmitter for either phone or CoAW,
requires & proper adjustiment of all the
¢ircuit components for the attainment of
satisfactory operation. Below are a few
practical notes which are of inestimable
value in making transmitter adjustments.

Crystal Oscillators: Iu oscillatory cir-
cunits employing pentode tubes such as the
47, ZA5, 42, or 5% the pliate eircuit should
have a low ratio of tuning eapacity to in-
ductance since the plate circuit is tuned for
maximum output consistent with stability.
Condenser ), of Figure 11, is tuned for a
dip in plate current and then re-adjusted
for slightly greater capacity for maintain-
ing  stabality. A 63 volt pilot  lamp
connected in series with a turn of wire
and coupled in the proximity of the os-
cillator  e¢oil makes a  good osecillation
indicator.  Another type of indicator con-
sists of taking a small neon tube and
touching the tip connection to
plates of €, a pink glow indicates oscilla-
tion. The plate eurrent of the ecrystal
oscillator will bhe between 10 and 30 MA,
depending upon the applied plate voltage.
I'otentials below 350 volts will exert less
strain on the erystal and will tend to pre-
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vent it from fracturing, in addition, will
tend to minimize the heating effect, which
is one of the causes of frequency drift.
The screen voltage should seldom be over
125 volts. The value of the grid resistor

ek

! 2

&
-8 +B

FIG. Il. Pentode oscillator.

R,, in Figure 11, will vary with different

crystals; generally, 10,000 to 50,000 ohms
sufficing—the stability increases and the
output decreases for higher resistive
values.

With ordinary low-mu tubes in the oscil-
latory circuit, such as a 27, 56 or 10 type
tubes, the procedure is the same. Plate
voltage must never exceed 250 volts maxi-
mum for this type of oscillator tube.

In the Tritet or Dow oscillators, oscilla-
tion occurs by cathode regeneration at the
frequency control, hence, harmonics of this
frequency may be selected from the plate
circuit by means of a tuned circuit Cgli,
in Figure 12. The cathode coil and con-
denser are not tuned to resonance with the
crystal, but to a frequency approximately
twice as high. This circuit scheme exerts
less strain on the crystal with high C
than for low C in the cathode circuit, so
at lenst 100 uufd of operating capacity is
needed. The coils must be of such dimen-
sions to allow operation with at least 100
uufds. Oscillation will take place over a
rather wide range of cathode tuning; cer-
tain settings, however, will give greatest
power output. The plate circuit must have

FIG. 12. Tritet oscillator.

low C and high inductance at the harmonic
chosen, When tuning to the second har-
monic¢, the resonance condition is indicated
by a decrease in plate current; the de-
crease will be less pronounced as the load
is increased by the succeeding stage. A
lamp indicator used here is adaptable
to making the best output adjust-
ments comparable with oscillator stabil-
ity. If a thermo-galvanometer is placed
in series with the crystal, it will be found
in many cases that the Tritet oscillator has
more crystal current than the pentode
oscillator; high current means increased
heating of the crystal and frequency creep-
age.

In a few cases, the above oscillator is
used with vacuum-tubes having large
screen-grids such as the RK20 or 803 pen-
todes. Here the cathode coil consists of a
double winding wound in series with the
filament. The tuning procedure is exactly
as described for the smaller Tritet oscil-
lator,

! 53 6A6
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FIG. 13. Jones 53-6A6 oscillator-doubler with

cathode bias resistor.

Oscillator Doublers: The 3 or 6A6 os-
cillator-doubler circuit shown in KFigure 13
1= adjusted as follows: C; is tuned to

the crystal frequency and its capacity in-
creased unti! the circuit approaches the
poirt where oscillation is about to cease;
this point is indicated by maximum out-

put; the total plate current or cathode
current will be between 50 and 75 MA,
depending upon the plate voltage. The

second triode acts as a doubler, and Cilg
are tuned to the harmonic as in a Tritet
oscillator. The plate current will dip at
resonance and a lamp indicator will glow
to indicate maximum RF output. The ad-
Jjustment of C, for greatest output gives
about 20 per cent less cathode current than
the maximum obtainable while tuning
through oscillation. With cathode bias,
the plate current will drop off to 20 or
30 MA. when the tube is not oscillating.

A crystal oscillator normally drives a
buffer or doubler stage for greater output
or frequency multiplication. In Figure 14
is shown a very simple form of frequency
doubler to operate in the 40-meter band
with an 80-meter crystal. The grid bias,
due to the grid current flowing through
the grid leak, should be higher than for
a buffer stage, since the doubler is func-
tioning as a distorting device.

A well-designed oscillator-doubler cir-
cuit is shown in I'igure 15, operating as
either a neutralized buffer or regenera-
tive doubler stage. As a buffer it is neu-
tralized in the conventional way, but as a
doubler, a small coil is used together with
a larger capacity value in Cs If the pre-
ceding tuning circuit is of very low C,
its impedance to the second harmonic will
he high, so C. acts as a rexeneration con-
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Simple 46 doubler circuit.

denser feeding back second harmonic power
to the grid circuit. If C; is too large the
tube will oscillate at the plate circuit
resonant frequency, but if properly ad-
justed, the output is from 50 to 100 per
cent higher than in a non-regenerative
doubler., A RF indicator, such as a test
lamp, will glow when adjusting C, and (-
for maximum output without actual oscil-

lation. No oscillations should be detect-
able without the crystal oscillator func-
tioning.
-

FIG. 15, .L

Regenerative doubler or neutralized buffer.

In any low powered doubler stage, a
tixed C bias from C batteries or C bias
supply is more desirable than that of grid-
leak bias. The bias voltage should nearly
be 3% times the cut-off bias (plate volt-
age divided by the mu of the tube) as a
minimum value, and practically no DC grid
current need flow., If greater RI excita-
tion if available, higher C bias can be
applied with greater output and efficiency.
The reason for low grid current is that the
doubler tube only gives a surge of power
to the tuned plate circuit every other cy-
cle, since the frequency of the latter is
twice as high as that of the grid circuit
driving power. When grid current is flow-
ing, the plate circuit receives a surge of
power with an actual loss in efficiency;
with grid leak bias, some grid current must
flow in order to create the polarizing volt-
age on the grid, in this case the loss must
be tolerated.

Figure 16 shows a popular doubler cir-
cuit which gives a surge of power or
“push” every cycle to the second harmonic
tuned plate circuit. The efficiency of this
circuit is as high as some amplifier cir-
cuits and is easily adjusted. The grid cir-
cuit is tuned to the fundamental frequency
with link coupling to the preceding stage
and the plate circuit to twice that fre-
quency. The C bias is made at least 3%
times cut-off and the RF excitation suf-
ficlent to allow some grid current to flow.
A 53 or 6A6 tube makes an excellent “push-

push” doubler, or a pair of tubes such as
the high-mu type 46s, 59s or 42s can be
used, A split-stator grid condenser is needed
to provide capacitive reactance to the
second harmonic which prevents spurious
oscillation in the doubler circuit, that is,
=imilar to a TNT oscillator. A single tun-

L2 ——@—v— -
= <L 4 %
L 3 r__C_jl g’g\’ TC« L
i RG. 16
-C +8B

Push-push doubler

ing condenser with a bypass condenser
from the center of the grid coil to the
ground, allows half of the grid coil to act
s the untuned grid coil of a TNT oscilla-
tor. This same circuit is also applicable
for high-powered output doublers on 10 or
20 meters; with efliciencies from 60 to 70
per cent,

Figure 17 shows another form of regen-
erative doubler which works effectively
at high frequencies such as 14 or 28MC.
Here, the cathode circuit is by-passed with
only a small condenser which causes it
to have an impedance common to both
&rid and plate circuits. If this impedance
is made very high, such as by placing an
RT' choke in the cathode circuit, the tube
will oscillate. With the values shown, the
circuit will regenerate on 14 or 28MC when
the grid is excited with 7 or 14MC of
power, In all these doubler circuits, the
DC grid bias must always be as high as
can be used for the available amount of
RF excitation, The plate circuit can be
loaded fairly heavily by the following stage
and the highest allowable potential applied
to the plate for a given plate-heating effect.

The circuit of Figure 15 ix 2 poputar form

0004
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Regenerative doubler

of buffer or amplifler stage. It can be
capacitively or link coupled to the preced-
ing stage and either filxed bias, grid-leak
bias or combination of both can be applied.
The C bias is made at least twice cut-off
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value for class C operation, but otten
this can not be used in practice.  Quite
frequently a buffer stage is employed for
maximum power gain rather then for maxi-
mum etlicieney.  Class B operation with
cut-off bias will give the greatest power
gain; but, unless a large tube is used, the
low plate etliciency will cause excessive
plate heating. Generally, a compromise be-
tween class B oand class ¢ operation will
give the greatest output for driving the
following stage. In a high powered trans-
mitter this means balancing the cost of
several low power tube class C interine-
diate stages against fewer large tube class
B to ¢ stages.  [For example, a single 211
tube buffer stage might be more cconom-
ical than two stazes of R00s or S0ls in
push-pull.

Figure 18 shows a grid ncutralized buffer
or final amptifier stage; plate or grid
neutralization being optional, though the
former, as shown in IMigure 19, has certain
advantages. This form with a split-stator
plate tuning condenser will remain in neu-
tralization for multi-band operation pro-
vided the coils are designed to permit op-
eration ot the split-stator condenser at a
medium high scale setting. This is muceh
more important for phone operations than
for ¢ W,

-t RG. 18 vs
Grid neutralized stage.

Neutralizing in either case may be ac-
complished as follows:  The plate voltage
i« disconnected and the grid circuit tuned
for maximum grid current as indicated by
a DCogrid milliammeter, or neon lamp.
Then the plate circuit is tuned for maxi-
mum R excitation as indicated by means
of a neon or flash-light lamp. or by a
thermo-galvanometer with a turn ot wire.
The neutralizing condenser N« is adjusted
to the point of minimum RI® current in
the amplifier plite circuit, keeping the grid
and plate circuit tuned to resonance, At
neutraliziition. the effect of tuning the
plate circuit through resonance will he
negligible on the grid circuit DC milliam-
meter. If the cirecuit is improperly neu-
tralized, there will be a sharp deflection
of the meter pointer.

Noutralizing High-Power Stages: In high
power stages where the grid driving power
is 530 watts or more, the plate r. . current
cannot always he brought to zero onaccount
of the presence of RF in the plate circuit
caused hy inter-circuit flow of high-fre-
quency currents through the Nc¢ condenscr

AFC
FIG. 17.

+8

'‘PLATE NEUTRALIZED STAGE
and  through the tube element capac-
ities. Ruadio-frequency current will always
be detected by the RI® indicator unless
it is coupled to the exact nodal point or
cenier of the plate coil. The DC grid

meter is the most reliable R indicator for
neutralization; the measurements are al-
ways made with the plate voltage discon-

nected. After neutralizing, the voltage is
applied and the plate cireuit tuned for
minimum plate current, preferably at re-

This stage is then loaded for
and plate current at

duced power.
the desired output
full plate voltage.

Push-pull amplitiers of the type shown
in Figure 20 are ncutralized by adjusting
both Ne condensers as nearly simultane-
ously as possible. In this circuit the tubhe
leads must be very short to prevent par-
asitic osecillation at ultra-hizh frequencies.
Sometimes arid  suppressors are heeded
for either push-pull or parallel operation

of tubes; they are made by winding about
10 turns of No. 14 wire on a form one-half
coil

inch in diameter, the form is then

) FIG. 20. .
PUSH=-PULL STAGE

extracted from the core and the coil
shunted with a 200 ohm carbon resistor
having a 1 or 2 watt dissipation rating.
When suppressors are required, they are
connected in series with the grid lead as
near as possible to the grid terminal of
the tube.

Tuning the final amplifier stage of a
C.W. transmitter is similar to that of

a buffer stage except that sufficient RF
excitation must he available to allow the
stage to operate class () that is, with at
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FIG. 2t. Push-pull amplifier with type 865 screen-grid tubes.

least twice cut-off grid bhias. The plate
load is then increased so that normal plate
current is drawn. The antenna adjust-
ments are covered in the section on “An-
tennas.” These adjustments must always
be made for maximum power into the
actual antenna (not the duinmy antenna)
for a given value of plate current or tube
heating effect.
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FIG. 22. Single 865 buffer or doubler circuit.

For phone operation, the modulated stage
must be exactly neutralized and the plate
circuit shielded from the grid or any pre-
ceding stages. The latter also applies to
screen-grid tube stages in cither phone or
CAV, transmitters. The grid excitation for
a4 modulated phone stage is about twice
that actually needed for AV, operation
unless the latter happen to have an ex-
cess of excitation. This can be checked
by means of a V.T. voltmeter, linear rec-

tifier or an oscilloscope for studying both
positive and negative values of modulated

waves. Another check is to draw a curve
of the output r-f. current versus the plate
voltage, since there must be a constant

increase for similar increases of plate volt-
age; too little excitation will cause a droop
in this curve. The plate load on a modu-
lated stige must be constant and of the
proper vialite to allow good modulation. An
oscilloscope and sine wave audio oscillator
are necessary instruments for adjusting
all classes of phone transmitters. The
section on “Klectrical and Radio Measure-
ments” cover this subject. The grid bias,
grid excitation, plate load on the modula-
tor, plate RIF load. over-modulation, tube
ageing and other variables are made visual
for quantitative analysis by means of the
cithode-ray oscilloscope.

Test for High-RF Efficiency: To
the high etficiency of an RIT stage apply
some  excitation to the grid circuit and
apply the plate voltage to the plate (after
neutralizing). A grid leak bias is used
temporarily.  Now, with no load coupled
to the plate tank. the plate current should
drop below 10 milliamperes. The plate cur-
rent in an cflicient stage reads about one-
twentieth the normal operating plate cur-
rent, when no load is connected. If the
current does not fall, it is an indication
that the tube is not functioning correctly
or that there is an undesired loss some-

test

where in the stage. A high plate current
reading with the stage unloaded may be

indicative of a high-resistance connection
in either the grid or plate tank ecircuits.
It may ualso be due to the use of inferior
miterials for the grid and plate coil forms.
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As soon as the plate tank is detuned from
resonance (unloaded) the plate current sud-
denly rises to a point high above the nor-
mal operating plate current. In other
words, the most efficient stage will show
the greatest dip in plate current as the
plate tank is tuned through resonance with
no load coupled to the plate circuit.

Notes on Grid Circuit Excitation: The
problem of obtaining suflicient grid excita-
tion is of utmost importance to the ama-
teur. There is a saving in buffer power,
or the possible elimination of one buffer
stage, if the RF amplifler can be equally
well driven with less grid current.

The circuits shown in Figure la and 1b,
are both plate neutralized; that of 1b has
been the standard circuit because of its
ability to maintain neutralization for coil
changes—but recent tests show that it
takes approximately twice as much grid
excitation power as the circuit of Figure la.

FIG. 1A
E L [ B
J I' ? . P
it
FI1G.18

The tests were conducted with a 50T in
the flnal amplifier, it being driven by an
801 in the buffer stage. In a given case
with the best link coupling adjustments in
both circuits between the 801 and 50T,
the grid current was always 1% to 2 times
as great in Figure 1a as in Figure 1b
which means that there was a greater out-
put from the 50T up to the point of grid
current saturation. A practical saving
would, therefore, result from the use
of a 2A3 at 400 volts supply as against an
801 at 600 volt supply as a buffer stage
for the 50T operating at about 1400 volts
plate potential. Or, the 50T could be oper-
ated at 2500 or 3000 volts with an 801
buffer in Figure 1a but with only 1500 volts
in Figure 1b, due to lack of grid excitation
in the latter case.

In Figure la, coil changes can be made
for different bands without having to re-
neutralize by inserting a small condenser

of a few uufds (depending upon the tube
used) from the plate coil side of the neu-
tralizing condenser (Cac) to ground. (Ilint:
a small grounded aluminum sheet bent up
near the rotor end-mounting plate can be
used as added capacity to ground.)

Use of the 45 and 46" Tube in Low-
Powered R. F. Amplifiers

The 45 tube provides better “buffing”
action than a 46 when functioning as a
buffer to isolate the final amplifler from the
nscillator. Even slight changes in plate
voltage or plate load cause a noticeable
change in the grid impedance of a 46. With
A 45, changes in the output circuit react
but little upon the grid impedance. As an
RI amplifier, the 45 eclipses the 46 in
performance. The two tubes can hbe com-

pared further; thus, while the 43 has a
sonewhat lower wattage filament, it also
has a higher mutual conductance (meas-

ured at zero bias) than the 46 (grids tied
together and considered as a single grid).
The lower mutual conductance of the 46
is largely due to the greater “shadow” effect
of the grids, which becomes quite appre-
ciable in multiple-grid tubes. 13ecause of
its higher mutual conductance, the 45
actually requires fewer watts excitation
than a 46 to drive it to a given output with
a given eficiency. Though it takes more
voltage swing, it can be said that the 45
is the easier to excite. because driving
power, not voltage, is the criterion of ease
of excitation.

The plate impedance of the 46 is sev-
e¢ral times that of the 45. Thus, for a given
efficiency in the output circuit (ratio of load
impedance to plate impedance), much looser
coupling must be used to the plate tank of
the 46 (raise the load impedance). Then,
to regain the output, the plate voltage must
he increased beyond a safe operating limit.
Although the inter-electrode spacing and the
s<pacing of the plate lead coming through
the stem is much greater in the 46, it will
not stand any more plate voltage than a
45. The gas content, not the spacing, lim-
its the plate voltage that can be safely
applied to a 46. Paradoxically, the residual
gas in many 46s will ionize at a given
plate voltage and input quicker than a 45
of the same make operated under the same
conditions! The 45 permits greater efil-
clency than is possible with a 46, both
adjusted to a given output at a given plate
voltage.

Because of its high grid impedance the
45 can be more advantageously capacitively
coupled to the preceding stage than a 46
(presuming it is desired to connect from
the high-potential end of the plate tank of
the preceding stage to avoid parasitics).
The 46, with its very low grid impedance,
requires an extremely small coupling ca-
pacity to give the preceding stage a suffi-
ciently high load impedance, and most of
the excitation is being wasted. The grid
impedance of a 45 offers a very respectable
load for most tubes, and the grid of a 456
can he capacitively coupled on the lower
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frequency bands with almost as niuch efti-
ciency and as great a transfer of energy as
can be obtained with link coupling.

The optimum ohmic value for the grid
resistor is very high (between 50,000 and
75,000 ohms for a single tube); hence, it
is permissible to dispense with the grid
choke in capacity-coupled circuit using a
45. The only precaution necessary is that
the grid resistor be either of the carbon or
metallized types, these being non-inductive.

Frequency Multiplication

Quartz-crystal oscillators have, unfortu-
nately, a vibratory limit of about 8 mega-
cycles; hence, to operate on a frequency
higher than this value, one or more stages
of frequency multiplying amplification must
be added between the crystal oscillator and
final amplifier. In almost every vacuum-
tube amplifier there is a certain amount of
distortion which represents the generation
of new frequencies that are integral multi-
ples of the exciting grid frequency. By
tuning the plate circuit to the frequency of
the desired harmonic, the fundamental and
all undesired frequencies are by-passed to
ground, while the selected harmonic (usu-
ally the second, third, or fourth) is trans-
ferred to the succeeding grid circuit.

46
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.
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Two-band operation from a single crystal is se-
cured by tapping the plate coil and tuning
each section of the coil with a separate con-
denser. Moderate power output is obtained.

.IIH

002

Low-power
Doubler.

+8

For efticient doubling, it is essential that
the doubler amplifler be carefully adjusted.
I'or every tube there is one particular value
of grid excitation ana
grid bias that will give
maximum output; thus,
a means must be pro-
vided to smoothly ad-
just these factors. It
will be found that
more bias is necessary
for plate doubling than
for straight class-C op-
eration. Pentodes and
high-mu triodes such
as the 53, 46, 59, 841,
203A, RK21 and 838
function well as dou-
blers, although there is
some question as to
whether or not high-
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mu tubes are better than those having me-
dium-mu, such as the 210, 211, 852, 50T,
354, and 150T, all with regeneration. The
latter can be applied to any single-ended
doubler stage by using any of the conven-
tional neutralizing circuits. When the plate
is tuned to a harmonic of the grid circuit,
the neutralizing circuit becomes a feedback
circuit.

Pusgh-Pull Doubling: The push-pull cir-
cuit in Figure 2 differs from most doubler
circuits in that doubling is not dependent
on distortion, but on the fact that each RF
impulse applied to the grid circuit results
in two plate current impulses being applied
to the plate tank circuit. This is because
the grids are excited in push-pull and the
plates excite the plate tank in parallel;
thus, there are twice as many current im-
pulses in the plate circuit as there are
cycles in the grid circuit—in other words,
the frequency of the plate tank is twice
that of the grid tank.
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The simpler forms of the push-pull dou-
bler sometimes show a marked tendency
to oscillate. The circuit in FFigure 1 (Page
93) is particularly noted for this: the better
cireuit appears in Iigure 2, particularly if
a shielding bafile is provided between the
grid and plate tanks. When using the
higher-C tubes as push-pull doublers, it is
often desirable to utilize the KH type of
doubler shown in Figure 3. lere, oscilla-
tion is effectively prevented by separately

neutralizing each tube. High grid bias
is nccessary for efficient operation.
The circuits shown in Figures 2 and 3

should bhe necutralized while connected as
regular push-pull amplifiers, after which no
further changes are nccessary., To increase
the frequency by a factor of two, requires
changing the tank coil of the final ampli-
fler to one that will tune to twice the fre-
quency of the grid circuit. The circuit is
then tested with reduced voltage while no
load is coupled to the final during which
times the tank condenser is varied until
a pronounced dip in the plate current is
found. The final is now ready for operation
with a load.

Neutralizing the R. F. Amplifier

Neutralization of a radio-frequency power
amplifier is necessary to prevent self-oscil-
lation. The latter occurs in a power ampli-
fier because of the electrostatic energy fed
back through the plate-to-grid capacity of
the tube. The energy in the plate circuit is
many times that in the grid circuit and
self-oscillation results when only a small
fraction of the plate circuit energy is ap-
plied to the grid circuit. The capacity
feedback through the tube is neutralized
by dividing the plate or grid tank circuit
so that the voltages at each end of which-
ever coil is divided are equal, but opposite
in polarity with respect to the center of the
split tank, which is at ground potential.
Both ends of the split tank circuit are then
connected to the high-potential end of the
other tank circuit. In other words, when
using plate neutralization both ends of the
plate tank are connected to the grid of the
tube (one through the tube capacity and
the other through an external neutralizing
capacity which is equal to the internal tube
capacity). See Figure 1. Thus, two feed-
back voltages are applied to the grid, but
because they are equal and opposing, the net
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FIG. 1
Plate, or Hazeltine neutralization.

voltage is always zero, so the effective grid
voltage (AC) is independent of the RF
voltages in the plate circuit.

In the grid neutratized amplifier (Figures
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2 and 3) the grid coil is split, the plate coil
being continuous. Thus the RE plate volt-
age (AC) ix applied simultaneously to both
ends of the grid tank. Jor this reason there
can be no potential difference between the
two ends of the grid tank, caused by feed-
back from the plate tank, and the effective
net grid voltage is again independent of
that in the plate circuit. It will be seen
that the two eapaeities which feedback the
RF plate voltage to the grid must be ex-
actly equal, if the two voltages are to ex-
actly neutralize each other, I’or proper
nentralization, the capacity of the neutral-
izing condenser must almost exactly equal
the plate-to-grid capacity of the tube.
Grid neutralization may be preferable be-
tween stages that are joined by link coup-
ling so that inexpensive plate tank and neu-
tralizing condensers can be used: on the
other hand, plate neutralization is more de-
sirable with stages capacitively coupled.

How to Neutralize: Tn a perfectly neu-
tralized RF amplifler there is no coupling
from the plate circuit to the grid circuit.
By the same token, there is no coupling
from the grid circuit to the plate circuit.
This characteristic is used in adjusting the
neutralizing condenser during the neutraliz-
ing process.

Technique: With the plate voltage re-
moved from the stage being neutralized, RI*
excitation is applied to the grid circuit.
Some form of RF indicator, such as a
thermo-galvanometer, neon bulb or flash-
light globe with a single ‘loop of wire,
should then bhe coupled to the plate circuit,
If the amiplifier is not neutralized. there wilr
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Grid-neutralized HF-300 c-w amplifier with
simplified Pl antenna network. 600 watts.

Shunt feed, as used in this amplifier, calls for an effi-
cient RF choke which has no resonant dip near any of
the bands on which the amplifier is operated. Many
types of RF chokes fail in service when used on 80 me-
ters, but stand up satisfactorily when used on 40 and 20
meters. If the RF choke hecomes gquite warm after a
few minutes of operation, it is proof that power is being
fost in the choke and replacement should he made with a
more suitable type. The plate-blocking condenser should
be mounted at least one-inch from the metal panel in
order to minimize the capacity to ground.
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Grid-neutralized circuit for amplifier pictured
above.

be an indiciation of RE in the plate tank
circuit, when it ix tuned to resonance. ‘I'he
neutralizing condenser should he slowly vi-
ried untit all indications of RI°in the plite
tank circuit disappear. After each varia-
tion of the neuatralizing condenser, it will be
tecessary  ta o retune the grid and plate
tank circuits in order to restore resonance
in both these circuits,

The successfulness of the above proce-
dure will depend upon the sensitivity of the
ItF indicator in the plate tank: incidentally,
a neon bulb or flashlight globe is not par-
ticularly sensitive,

A better and very sensitive neutralizing
indicator ean be made by taking an 0-25 DC
milliammeter and inserting it in the DC
grid return of the stage being neutralized.
Next, <utlicient RF grid excitation must be
apphed to give a good current reading after
tuning the grid circuit tfor maximum grid
current.

I the amplifier stage is not perfectly
neutralized, a variation in the DO grid cur-
rent will be noted when the plate tank
condenser is swung through resonance. The
neutralizing condenser should be varied
slowly unti! no variation in DO grid current
is shown by the milliunmeter «in the grid
cireuit) as the plate tank condenser is tuned
through resonance, ¢

If the amplitier which is being neutralized
is NOT the final amplifier, another proce-
dure can be followed: A DC grid current
meter is placed in the grid eircuit of the
stage following the buffer stage which is
being neutratized. Now, with no plate volt-
age on either stage, tune the stage being
neutralized through resonance, then tune
the next stage to resonance. A small grid
current reading will be obtained as long as
the butfer stage is not neutralized, but
when it isx in a neutralized state, the
grid current on the following stage will
entirely disappear. Note: The grid cur-
rent of the stage which follows the one be-
ing neutralized acts as a diode vacuum-tube
voltmeter and isx a very sensitive indicator
of 17 which is present in the plate tank
of the stage being neutralized.

Neutralization of a Push-Pull Stage:
PPush-pull R amplifiers are neutralized by
employing the same procedure as was used
in neutralizing the xingle-ended amplifier.
The neutralizing condensers are varied in
small steps until all indication of RF disap-
pears from the plate tank, or else there is
no variation in DC grid current when the
plate tank is tuned through resonance. Both
neutralizing condensers should be varied
simultanecusty in the same direction; gang-
ing the condensers will simplify the adjust-
ment.

Most neutralizing troublex are caused by
the REF return from the grid and plate tanks
to ground. It isx necessary that the low
potential end of each tank coil (center of a
=plit coil) have a short and direct RF path
to the filament center-tap of the tube, or
tubes, I a split-stator tank condenser is
used, the rotor must be tied to the center-
tap of the tilament. 1f a single-section con-
denser is used with a split coil, the center
of the coil must be hy-passed back to the
filament through a mica condenser of from
01 to 006 nfds, the value depending upon
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the frequency—low frequencies require
higher capacities, in addition, high inter-
electrode capacities require high capacities
in the plate and grid returns.

It is an established fact that the lower-C
tubes (such as the 800, WE304A, 50T, 852,
150T, 354 and 300T) are materially easier to
neutralize, particularly at the higher fre-
quencies, than those tubes which have
higher inter-electrode capacities.

Grid chokes and resistors for parallel operation
of tubes.

Operating Tubes in Parallel: I’arasitic
oscillations are sometimes introduced when
operating vacuum-tubes in parallel at both
audio and radio-frequencies. The most com-
mon type of parasitics occurring from par-
allel operation can be prevented by insert-
ing small RF chokes, shunted with 50 to
200 oim carbon resistors, in series with
each grid lead. The choke need only con-
sist of from 5 to 10 turns of No. 22 enam-
eled wire wound on a form of about one-half
inch diameter. Winding the chokes on the
resistor will simplify the job as well as
provide a convenient method of mounting

Grid Bias

The conditions under which practically all
radio-frequency power amplifiers operate
are such that plate current flows in the
form of short, peaked impulses which last
for less than one-half of the alternating
current cycle. This means that plate cur-
rent is “cut-off” during most of the RF
cycle which makes for high efficiency and
high power output from small tubes. To
keep the plate current at zero during most
of the RF cycle, it is necessary that the con-
trol grid of the amplifier tube be kept quite
negative with respect to the filament by
means of a DC voltage which is termed
“negative bias.”” The AC grid excitation
voltage, which usually comes from the plate
circuit of the preceding amplifier stage,
periodically overcomes the grid bias volt-
age and makes the grid slightly positive
with respect to the filament causing a short
impulse of plate current to fiow.

If no grid bias were used, the tube would
draw plate current all of the time. This
would result in very inefficient operation
because the plate would never have the op-
portunity to cool off.

Cut-Off Bias: Any value of grid bias
which is just sufficient to reduce the plate
current to zero is called the ‘“cut-off bias.,”
By taking a reading from milliammeter in-
serted in the plate circuit, with different
varying values of negative bias on the con-
trol grid, it will be found that the plate

current will decrease as the negative bias
is increased. At a certain point the plate
current will be reduced to zero, and any
further increase in negative grid bias has
no effect on the plate current which re-
mains at zero. Thus, the lowest value of
negative grid bias which reduces the plate
current to zero is termed the ‘‘cut-off bias.”

It is not necessary to experiment with
bias batteries and different plate voltages
to determine the cut-off bias for a given
set of conditions. The required values can
be calculated by simply dividing the volt-
age applied to the plate by the amplification
factor; these data may be obtained from a
table of tube characteristics. When esti-
mating the cut-off bias add 5 to 10 per
cent more bias to that calculated; this is
required on account of the variable-mu
tendency which is characteristic of all con-
trol grids as the cut-off point is approached.

Effect of Bias on Efficlency and Output:
The amount of negative grid bias has a
very definite effect on plate efliciency and
power output. I1f the plate voltage and RI®
excitation voltage remain fixed, and if the
bias voltage is increased beyond the cut-
off point in a radio-frequency amplifier, the
power output and input decline, although
the plate efliciency rises. 1t is, therefore,
necessary to make a compromise between
power out and plate efficiency. The small-
est amount of bias that allows the plate
of the amplifier tube to run cool should be
used beyond the cut-off point. This results
in the maximum power output for a given
tube, plate voltage, and RF excitation volt-
age. 'To increase the power output, it will
be necessary to increase the plate voltage,
loosen the antenna coupling, and in many
casas increase the radio-frequency excita-
tion voltage. With this procedure, the bias
must be readjusted to the lowest value that
allows the plate current to remain cool
The actual value of this bias, as measured
in the number of times cut-off bias, will
vary from about 1.25 times cut-off in a low-
efficiency high-gain buffer stage, to about
{1 times cut-off bias in an extremely high
efficiency low-gain amplifier, operating with
very high plate voltage and RF excitation.
The bias voltage and the grid driving power
are closely related, such that the higher the
bias the more grid driving power is neces-
sary to reach a given power output. For
tubes of similar characteristics, the one
with the highest zero bias mutual conduct-
ance (see tube tables) requires the least
amount of bias and grid driving power for
maximum power output and plate efficiency.
As an example of the effect of mutual con-
ductance on the required bias voltage (and
therefore the amount of excitation power
necessary), it is found that under a given
set of conditions a type 852 must be biased
to 3.5 times cut-off and excited with 106
watts of grid driving power to obtain 100
watts of radio-frequency power output at 80
per cent plate efficiency. On the other hand,
a type 150T, or 354, which has considerably
higher mutual conductance when used un-
der the same conditions in the same stage,
requires a bias of only 2.1 times cut-off
and only 29 watts of grid driving power is
necessary to obtain the same 400-watt out-

put at the same plate efficiency (80 per
cent).
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When a radio-frequency power amplifier
is plate modulated, the negative grid bias
must be equal to or greater than twice cut-
off. This is necessary in order that the
peak power output can increase as the
square of the plate voltage, which is essen-
tial for linear modulation.

Sources of Bias: In general, bias can be
supplied from two distinet sources: (1)
from within the amplifier circuit itself
through a voltage drop taken across either
a grid-leak resistor or cathode-bias resistor:
(2), from an external source, such as bat-
teries or a special rectified AC bias pack.

Grid-leakx Bias: Whenever the control
grid of an amplifier tube becomes positive
with respect to the filament (as it does in
all radio-frequency power amplifiers), the
positive charge on the grid attracts some
of the electrons emitted from the filament.
The electrons flow back to the fllament
through the external DC grid-return and
cause a current flow in the circuit. If a re-
sistance is placed in series with the grid-
return, a voltage drop will occur across it
when the current flows; the end of the re-
sistor closest to the grid will be negative
with respect to the other end closest to the
filament; thus, necessarily causing the grid
to become negative with respect to the tila-
ment. The voltage drop across this grid-
leak resistor consists of a varying AC volt-
age superimposed on a constant value of
DC voltage, which is proportional to the
effective value of the grid current impulses.
The AC component is of no concern because
it is by-passed by means of a condenser di-
rectly back to the fillament, and thus by
measuring the DC grid current with a DC
milliammeter ir series with the grid-leak,
the grid bias can be calculated by multiply-
ing the grid current by the ohmic resistance
of the grid-leak.

FiL
LEAK

GRID BIAS

FIG. I.

Grid-leak bias is quite flexible and more
or less automatically adjusts itself with any
variation in RRF excitation. The value of
grid-leak resistor is not particularly critical
because the DC grid current usually de-
creases as the grid-leak resistance increases,
thereby keeping the product of the two
more or less constant for a given amount of
REF excitation. Hence, the value of the
grid-leak resistance can vary from one-half
to two times the optimum value, a ratio
of four to one, without materially affecting
the negative DC bias voltage actually ap-
plied to the grid of the amplifier tube.

One of the disadvantages of grid-leak
bias is that the bias voltage is proportional
to the RF excitation, thus precluding its use
in grid modulated or linear amplifiers,
whose bias must be supplied from a well-
regulated voltage source so that the bias
voltage is independent of grid current.
When grid-leak bias is used alone, it is
evident that the bias disappears when the
excitation fails, thereby allowing danger-
ously-high values of plate current to flow,
with a consequent damage to the tube. It
is always desirable to augment the grid-
leak bias with either cathode or separate
bias supplies to keep the plate current
within xafe linits whenever the excitation

omivER

COMBINATION BATTERY
& GRID LEAK BIAS

FIG. 2.

fails. The amount of the bias supplied in
addition to the grid-leak bias should usu-
ally approximate cut-off bias so that the
plate current will drop to zero if the crys-
tal stage stops oscillating, or if the tuning
elements are improperly adjusted in any of
the other stages.

Cathode Bias: This form of bias utilizes
the voltage drop across a resistor in the
B-minus lead from the high-voltage power
supply. Because the B-minus lead of most
high-voltage power supplies is directly
grounded, the bias resistor must be placed
in the negative side of the DC plate circuit
of the tube itself. The negative side of the
DC plate circuit of a vacuum-tube amplifier
is between the filament center-tap and
ground, and a resistor placed between these
two points will have the total plate current
flowing through it. The voltage drop across
the resistor will be equal to the product of
the plate current in amperes, times the re-
sistance in ohms. The grounded end of a
cathode-bias resistor is more negative than
the filament end by the amount of voltage
drop across the resistor; hence, if the DC
grid return is brought to the ground end of
this resistor, the grid of the amplifier will
he more negative with respect to the fila-
ment.

Cathode bias is probably the safest bias
supply known, because the negative bias
voltage is a function of the plate current
and is largely independent of the RF grid
excitation. With this type of bias the plate
current can never reach a dangerously-high
value if the excitation fails. Unfortunately,
cathode-bias is generally unsuitable for
class B linear amplifier, although its use is
essential in the newer class BC linear or
grid-modulated amplifiers.
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CATHODE BIAS

BATTERY BIAS

FIG. 3.

Cathodc bias can be used in a plate-modu-
lated class C amplifier provided a large
audio by-pass condenser is connected across
the bias resistor in addition to the usual
mica radio-frequency Dby-pass condenser.
The principal disadvantage of cathode bias
is that the bias voltage must be subtracted
from the total power supply in order to ob-
tain the net plate voltage across the ampli-
fier tube. In a high cflficiency amplifier
stage using a low-mu tube and biased to
perhaps 3 times cut-off, it may require a
1600-volt power supply to actually recalize
1000 volts on the plate of the amplifier tube,
because 600 volts is deducted for negative
bias. Cathode bias is sometimes called au-
tomatic bias because variations in plate cur-
rent automatically change the bias to com-
pensate for these variations.

Separate Bias Supplies: Negative grid
biax may be supplied from any source of
voltage external to the amplifier circuit it-
self, such as dry batteries or I3 eliminators.
I3 batteries rarely fail without giving con-
siderable warning to the operator and they
represent one of the safest sources of nega-
tive bias. lHowever, these batteries wear
out rather rapidly due to the charging effect
of the DC grid current which causes the
voltage as well as the internal resistance
of the batteries to rise. After a few months
of service, the batteries often become noisy,

especially when used for phone work. When
charged-up they bulge and leak. It is not
unusual to find a 45-volt battery which

measures 60-volts after only a month or
two of service in the grid circuit of a class
" amplifier. This would be of no particular
disadvantage if the 60 volts remained con-
stant, but it often wavers and fluctuates
causing the signal tone to be impaired.
Another form of separate hias supply con-
sists of some form of rectifier and filter
system whose positive terminal is grounded
and whose negative terminal connects to
the DC grid return of the amplifier stage.
This bias supply often consists of an old
B eliminator and is quite satisfactory if
certain precautions are observed. If a high-
power class C amplifier is biased by a B}
eliminator, some form of relay should be
used and controlled by the bias supply so
that the plate voltage to the amplifier is cut
off if the bias supply fails. Most of the
older B eliminators, and many of the newer
types, have very poor voltage regulation
which bhecomes troublesome when the elimi-
nator is used to bias two or more separate
amplifler stages. Poor voltage regulation
merely means high internal resistance in

the B eliminator. Any variation in grid
current in any one of the amplifier stages
will vary the voltage drop across this in-
ternal resistance and thereby affect the bias
supplied to the other stages of the trans-
mitter., If a B eliminator, or rectified AC
bias supply furnishes bias to a class B or
class BC linear or grid-modulated ampli-
fier, it is essential that the DC bias voltage
remain constant and independent of the DC
grid current. This means that the bias sup-
ply must have extremely good voltage regu-
Tation. Low resistance transformers and
filter chokes as well as a mercury-vapor rec-
tifier tube and a low-resistance high-current
hleeder should be used to minimize varia-
tion in output bias voltage with changes in
erid current which normally occur in these
types of amplifiers. To adjust the DC volt-
agce output from a bias power supply, tap
the primary of the transformer, or an auto-
transformer can be connected across the
line to vary the voltage supplied to the bias
transformer.
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Here is a Bias Pack which uses a medium-to-
high resistance bleeder. Voltage regulation is
usually unimportant in biasing a class C am-
plifier and only enough bleeder is used to
protect the filter condensers.
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In the Bias Pack shown above, a low-resistance

bleeder is used to provide a heavy, continuous

current drain in order to stabilize the voltage

output. A Bias Pack of this type is suitable

for class B audio or class BC Linear Amplifier

operation. The ungrounded side is the nega-
tive terminal.

More than one of the above bias supplies
can be placed in series to bias a class O
amplifier. In fact, it is recommended that
a grid-leak be used to augment the cut-
off vialue of bians which is best supplied

by either cathode bias resistor, batteries
or a separate bias pack.
A grid-leak common to more than one

class C stage should be avoided, due to
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tremendous interaction cansed by the two
different grid currents in the respective
stages.

To compute the wattage rating of the re-
sistor, either as a grid-leak or to give
cathode bias, multiply the square of the
current in amperes flowing through the re-
sistor by the resistance in ohms.

R. F. Impedances in Circuit Coupling

Low-C and High Efficiency: The differ-
ence between the DC plate input and the
AC power ocutput is the plate loss, and must
be dissipated in the form of heat. Be-
cause the tube cost is almost related to
plate dissipation, it pays to obtain high
plate ctliciency as it is then possible to se-
cure high power output from small tubes.
A vacuum-tube AC gencrator has a definite
internal resistance to the flow of current.
It varies with the applied voltage and the
grid excitation.

Given a constant voltage generator, the
generator efliciency increases as the ratio
of the impedance mis-match increases—but
the power output is maximum when the
load impedance is matched to the internal
impedance of the generator.

The Class C RF Amplifier: The most im-
portant application for impedance mis-
matching is found in the class C radio-fre-
tuency amplifier occupying the place of
a final-amplifier in an amateur transinitter.

The greatest mis-match can be obtained
from a tube with the lowest dynamic plate
impedance, and with the highest voltage
that the tube insulation and gas content will
allow. The high plate voltage greatly re-
duces the internal impedance. The circuit
should be adjusted so that the plate tank
has a high 1. and low C. The antenna
coupling is loosened as much as possible
without reducing the input below that de-
sired, and the bias is adjusted to several
times cut-off, ‘'T'he e¢xcitation, as measured
by the DC grid current, should be between
15 and 25 per cent of the DC plate current,
and will vary for different types of tubes.
In general, the higher the mutual conduct-
ance of the amplifier tube, the less excita-
tion power is needed for a given load im-
pedance.

Link Coupling

Advantages of Link Coupling Over other
Types:

(1) Effectively establishes correct imped-
anee relations between grid and plate
cireuits.

[

Permits more efticient operation of
circuits wherein low-mu tubes work
into, or out of high-mu tubes, and
vice-versa.

(3) Provides a flexibie feed-line of sev-
eral feet in length resulting in effi-
cient operation between stages in

“rack type” transmitters in which the
stages are spaced quite far apart.

(4) Permits the use of series-feed in
both grid and plate circuits.

(5) Makes possible maximum power out-
put and minimizes oscillation diffi-
culties.

(6) For a given amount of excitation on
the grid of the first buffer, link
coupling reduces plate current in the
erystal oscillator stage and therefore
reduces the RF current through the
crystal itself,

(7) Eliminates the use of taps on coils,
with their attendant losses,

(8) Recause of the lack of capacitive
coupling effect, neutralization is made
easier,

NC
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Link coupling between push-pull stages.
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Link coupling between single.ended stages.

L.ink coupling provides a low impedance
transmission line to transfer energy be-
tween two isolated tank coils, one of which
is in the plate tank of the driver stage and
the other the grid tank of the driven stage.
This low impedance transmission line pro-
vides coupling of purely inductive nature,
the capacitive loading effect of the coupling
loop being negligible.

Feed lines, consisting of twisted pairs can
be several feet in length. The wires can be
of ordinary rubber-covered No. 18 to 14 wire.
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The link coupling loop is wound around the
lower end of the coil when this end is by-
passed to ground.

=5 TWISTED PAIR
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SCCKETS MOUNTED

A reference to the illustrations shows
some of the mechanical arrangements suit-
able for link coupling. For low power stages
one of the flxed-coupling-loop systems are
recommended. One of the coil forms ideally
suitable for the fixed coupling loop are the
isolantite vertical plug-in tyne. This coup-
ling scheme is shown in the illustrations as
well as the system using one coupling loop
adjustable from the baseboard.

U_ E
LINK ﬁx,

LINE —

Coupling loop arrangement for large plug-in
coil.

Link coupling can often be used between
stages in a transmitter in a form which
will give greater grid swing in each suc-
ceeding stage. Some tubes which have a
high-mu, of the screen-grid type, have an
extremely low grid impedance, especially
under plate loaded condition. In such cases,
it is difficult to obtain maximum grid swing
or reasonable driver plate load with the
usual form of one or two turns in the link
coupling loop at each end of the link. To
eliminate this difliculty, use one or
two turns in the link coupling loop
on the driver plate coil and two to six, or
even seven turns at the grid coil when the
driven tube is a high-mu or screen-grid
type. The coupling between the grid coil
and the link coil should be as close as pos-
sible, such as one winding directly over the
other, or interwound. The latter is im-

Looe .
CENTER “COLD- END —=

AROUND
OF <oIL

BINDING #OSTS

X rwisreo
AR

UNDER  SUB - DASES —
The link coupling loop is wound around the
center of the coil when the coil is center-

tapped.

portant for proper impedance matching.
Link coupling will give a certain amount
of automatic impedance matching. This
can be proved by noting that about 50 per
cent or more grid swing can be obtained
with the usual link coupling over the old
form of capacitive coupling between a pair
of type 210 tubes. Only a small part of
this loss in capacitive coupling is due to
the grid RF choke, since the latter can be
made very effective, the loss is in the im-
pedance mis-match when the grid of the
following tube is across the entire tuned
circuit. Link coupling gives an impedance

Air-wound tank coil with variable coupling
loops for connection to twisted-pair feed line.

matching effect because the coupling is usu-
ally less than unity or maximum obtain-
able. The impedance reflected each way is
not entirely dependent upon the ratio of
tuned coil turns to link coil turns, since the
effective coil coupling is relatively loose and
resonant circuits are being used. Because
the coupling is not unity between the coils,
impedance matching takes place, if the
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ratio of impedances are not too great.
When the impedances are greatly different,
one being several times that of the other,
then the low impedance circuit end should
have more turns on the link coil and these
two coils should be very closely coupled.

Unity Coupling

Unity coupling between stages of a trans-
mitter can be used as an aid to eliminate
RF choke troubles. This coupling is not as
effective as link coupling, yet it does not
require an additional tuned circuit. Unity
coupling can be used advantageously in
transmitters where space is lacking for link
coupling. Care should be taken to see that
the grid coil interwound turns are spaced
sufticiently from the plate coil turns to pre-
vent DC voltage flashovers. For low power
operation, the grid coil is often wound inside
of a copper tubing plate coil; wire used
for this purpose must be well insulated.

ot |

Unity coupling between crystal oscillator and
buffer stages.

Final Amplifier Tuning Adjustment: The
plate tuning of the amplifier should be set
for a point at which minimum plate cur-
rent occurs, rather than the point at which
maximum grid current flows. Varying the
plate tuning under operating conditions
changes the plate impedance of the ampli-
fier., The point of maximum plate imped-
ance does not necessarily have to occur at
the point of minimum grid impedance, as
far as the DC current readings are con-
cerned.

Grid Saturation: An excess of grid ex-
citation will not increase the power output
and may shorten tube life, due to overheat-
ing of the grid. The grid will become
white hot when overloaded. In some tubes
this will release gas retained in the metal
and ruin the tube. Too little grid excita-
tion will cause excessive plate heating and
low output. More grid excitation is re-
quired as the plate voltage is increased, it
also requires more grid excitation for
closer antenna coupling than when the an-
tenna is loosely coupled.

B+200-300 .

—

-8 845000
“LES-TET” 2B6 EXCITER

The "Les-Tet" Exciter provides high output with

When used as a

crystal-oscillator amplifier the second section

of the 2B6 tube must be neutralized. See page
138 for coil data.

moderate plate voltage.

Parallel vs. Push-Pull Operation

The recent development of the low-C
tubes practically eliminates the former dif-
ficulties encountered from parasitics and
instability which accompany parallel oper-
ation of vacuum tubes. Parasitics are
largely caused by the stray inductance and
the capacity in the tubes themselves, as
well as in the connecting leads between
the tubes and the associated plate tank
circuits, Parasitics are not conflned to
tubes in parallel, but are in fact nearly as
common in push-pull circuits because the
inductance of the leads when connected
through the tank tuning condensers can
form an ultra-high frequency tuned-plate-
tuned-grid oscillator. This causes oscilla-
tions at a frequency other than that desired,
with consequent low efficiency and reduced
power output, as well as resulting in a poor
note.

Parallel operation has many advantages
over push-pull operation, even at the higher
frequencies, provided low-C tubes are used.
The plate tuning condenser can be one of
a cheaper variety for a given tuning capac-
ity and one neutralizing condenser is elim-
inated for parallel operation. Tubes are
easier to drive to a given output when in
parallel, due to the higher transconductance
of the parallel circuit. The amplification
factor is the same for a parallel connection
as it is for one tube, whereas the plate
resistance is cut in half.

High-C tubes, such as the 45, 2A3, 10,
211, 203A and 204A work best in push-pull
below 40 meters because the high capacity
shunted across the plate tank, when high-C
tubes are used in parallel, makes the use
of a low-C, low-loss tank circuit impos-
sible.
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R. F. Chokes: There are several varie-
ties of Pie-wound RI® chokes. Those who
prefer to wind their own should choose the
solenoid winding types. A RF choke de-
signed for maximum impedance in one
amateur hanad is not satisfactory for oper-
ation in other bands because of the effect
of its distributed capacity and inductance.
This choke would be satisfactory on three
times the fundamental frequency, but
worthless on twice that frequency.

The coil should be wound so that its
fundamental operating frequency is about
midway between its lowest and highest im-
pedance. On even harmonic operation,
therefore, the reactance will be fairly high.
If the RF choke is to be used only on
one bind, it can be wound for resonance,
as its effect across a tank circuit, when
being tested, is negligible at that frequency.
If. for example, it is to be used on both
80 and 40 meters, more or less turns are
needed in order to keep the second har-
monic impedance high. TIn all such cases
the lower end of the RFC should be by-
passed back to ground because some RF
current will flow through it

If the length of the solenoid is not great
in comparison to its diameter, its funda-
mental resonance can be calculated from
in mmfd., = .24d, where d = diameter in
inches, and C(, the distributed capacity.
The inductance can he obtained from L. in
micro-henrys:

an

o= —

9a -+ 10b

where a, is the radius of the coil in inches:
n, the number of turns: b, the length of
the coil in inches.

1000
f=——— in megacycles.
2 7 VLC

The formulae give a starting point,
Actual construction for short wavelengths,
such as 5 to 40 meters, can well be made
on small diameter rods or tubing with a
long winding several times its diameter.
The wire should be large enough to safely
carry the DC plate or grid current, as well
as an appreciable amount of RF current.

In high power circuits, RIFF chokes should
be placed at points of low-RF potential, if
possible, because even the pie - wound
chokes, contrary to popular belief, are not
efficient on all amateur bands. Care must
also be taken to prevent a tuned-grid tunead-
plate oscillation between the grid and plate
RF chokes at the fundamental frequency
of the RIT chokes., If possible, the grid
choke must have an inductance at least 10
to 20 times that of the plate choke.

Tank Circuits

The plate tank circuit of any transmit-
ting radio frequency amplifier consists of
a parallel resonant tuned circuit. The shunt
impedance of any resonant tank circuit is
the resultant of two factors: (1) the
resistance of the tank circuit itself,
and (2) the reflected resistance caused by
coupling a load, such as an antenna, to the

tank circuit. The output power dissipated
in the resistance of the tank itself is
entirely lost, so that for high output
and efficiency it is desirable to make the
tank losses as low as possible. The test
for any tank circuit is to disconnect the
load (antenna, etc.) and measure the DC
plate current at normal plate voltage, bias,
excitation, etc. This unloaded plate current
should be less than 10 per cent of the nor-

mal loaded DDC plate current in most cir-
cuits.
Tank ‘“Q”: The "Q" of a transmitting

tank circuit is of importance only when
determining the optimum ratio of L to C
for a given frequency and load resistance.
In general, a phone requires twice as much
C as for a similar C\W amplifier. In the
plate tank of a self-excited oscillator, the
C is required to be about three times
greater than that for a given CW amplifier.
Comparatively, the minimum Q" of a sin-
gle-ended amplifier should be kept about 5
tor CW, 10 for phone, and approximately 15
for a self-excited oscillator.

A lower value of “Q" is permissible in
the push-pull amplifier; a minimum Q of
3 for CW, 6 for phone, and 9 for a self-
excited oscillators are satisfactory.

The accompanying table gives approxima-
tions of the optimum tank capacity for a
single-ended CW amplifier (Q of 5) at dif-
ferent plate voltages, power and frequen-
cies. Variations from the indicated values
of capacity up to 20 per cent will not ma-
terially affect the operation of the amplifier.
Larger capacities will increase the Q some-
what, but with an increase in the tank
losses due to the increased circulating tank
current, which reduces power output and
efficiency. The use of less C than that
shown will reduce the Q and may again
reduce the efficiency and power output if
minimum plate current does not coincide
with maximum output current; that is, at
the same point when the tank condenser is
tuned. The capacities shown are those
which should actually be applied, not just
the maximum capacity of the tuning con-
denser.

The table shows most of the common
combinations eneountered in practice, How-
ever, for widely different frequencies or
power inputs, the following formula will
enable the approximate tank capacity to
be directly determined. The following form-
ula applies to a single-ended grid-neutral-
ized (unsplit tank) amplifier for CW (Q of
5); for phone, (QQ of 10) multiply the indi-
cated capacity by 2.

For split-tank coils divide the
capacity by 4.

indicated

2,600,000
C = ——

tRu
Where C eyuals the tank capacity in mmf.;
t, the frequency in megacycles; Rn, the DC
resistance-in ohms, of the plate to filament
path of the amplifier (DC plate voltage di-
vided by DC plate current, in amperes.

It will be seen that there will be rela-
tively little difference between the cost of
the tank condenser used with either grid or
plate neutralization. With grid neutraliza-
tion, the plate tank capacity must be four
times as large as the capacity required in
a plate neutralized amplifier, However, the
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Table showing proper value of tuning capacity to use for a Circuit Q of 5 at the
frequencies, plate voltages and plate currents indicated.

i | .
| |
Plaie | Piate Tk , ok | ¢ Plate DG Plate Tank Tank
Voltage |Current Capacity | Capacity Frequency |V°Et;“ Cu'r;:n | Capacity ' Capacity
Es | Ip (0 = o - ] Ca® [
375V |.025A [ 100 25 1500V | .100A 100 uufds | 25 uufd:
375 | .050 ’ 200 50 1750 KC 1500 | .200 | 200 | 50
375 |00 | 400 100 1500 | .400 | 400 | 100
750 | .050 100 25 3000 |.100 | 50 7125
750 | 100 | 200 50 3000 |.200 | 100 25
750 | 200 | 400 100  |3000 |.400 200 | 50
375 |.025 50 12.5 1500 |.100 | 50 12.5
375 | .050 100 | 25 3500 KC 1500 |.200 | 100 | 25
375 | .100 200 50 1500 | .400 | 200 50
750 |.050 50 12.5 3000 |.100 | 25 6.25
750 | .100 100 25 3000 |.200 | 50 125
750 | .200 200 | 50 [ | 3000 | 400 |100 |25
375 025 25 625 | 1500 |.100 | 25 6.25
372 1% | 100 22 | 7000KC 11380 3% 109 | 357
[ . 100 2 : 100 2
750 | .050 25 6.25 3000 |.100 | 125 3.12
750 | .100 | 50 125 3000 | 200 | 25 6.25
750 | .200 100 25 3000 |.400 | 50 | 125
375 .025 125 | 312 1500 |.100 | 125 312
o | g | gR | wooke |h am| g | g2
750 }'.65‘0_| 1§5 l gg‘ | gooo .108 |7 6.25 1.56
750 | .100 2 I 000 |.200 | 125 312
750 |200 | 50 | 125 | 3000 | 400 | 25 6.25
375 |.025 | 625 | 156 | - {1500 100 | 6.25 | 1.56
375 | .050 125 312 | 28000 KC 1500 |.200 | 125 | 312
375 |00 | 25 6.25 | ' 1500 | .400 | 25 [ 6.25
730 | 200 | 125 | e | 3000 | 200 | 28 |
750 | 200 25 6.25 3000 |.400 | 1235 312

«C, is the plate tank ecapacity to be used with all single-ended amplifiers when grid neutralization is used.
This value is correct for a single tube (or tubes) in parallel, as long as the total DC plate current is as

shown above.

§Cy is the total plate tank capacity to be used with all single-ended amplifiers which use plate neutraliza-
tion. If a split-stator tank condenser is used, the capacity per section should be twice Cy in order that the

total capacity will equal Cg.

If push-pull is used, a minimum circuwit Q of 3 is permissible for CW use. Thus only 60% of the

capacities shown in the column headed Cgr should be used in a push-pull amplifier,

As with the single-

ended amplifier, multiply the indicated capacity by 2 for phone, and by 3 for a self-excited oscillator.

condensers in the plate neutralized tank cir-
cuit will have twice the peak RE voltage
ieross them as well as twice the spacing
as the condensers which are used in grid
neutralized amplitiers,

Characteristics of Plate Tank Circuits:
here are eight ditfferent arrangements of
plate tank circuits for radio-trequency am-
plitiers. Fundamentally, there are two basice
circuits; these are, (a) the split-tank with
plate neutralization, shown in Figures 3, 4,
H, and T and (h), the unsplit-tank with
grid neutralization, shown in Figures 1 and
2. Of course, the push-pull circunits, shown
in IFigures ¢ and ¥, also have a split plate-
tank as well as a split grid-tank, because
the neutralization of a push-pull stage may
be considered to be both grid and plate
neutralization.

From the standpoint of the optimum ratio

"

between inductance and capacity in the
plate tank vcircuit of a RF amplifier the
circuit arrangement atfects the required

tuning capacity for a given tube, ptate volt-
age, power output and fregquency.

For a given set of conditions, the imped-
ance in ohms, measured across the ends of
a0 split tank coil, will be exactly fonr times
the impedance across the unsplit plate tank
coil,  In the grid neutralized tank circuit
shown in Figure 1 the plate circuit of the
amplifier tube ix connected across the en-
tire circuit so that the required retlected
load impedance appears across the entire
tank circuit. \When the same amplifier is
changed to plate neutralization with either
the split coil circuit shown in Figure 3, or
the split-stator condenser circuit shown in

IMigure 4, the plate circuit of the tube is
then tapped across only half of the tank
circuit. Thus the impedance measured

across either half of the plate tank must be
the same in order that the tube will oper-
ate under exactly similar conditions asx en-
countered in the grid neutralized ecircuit.
Because thix is an autotransformer arrange-
ment, the impedances across part or all of
the inductance will vary as the square of
the turns ratio: and since there are twice
as many turns across the entire tank coil as
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there are across either half, the impedance
across the entire tank will be two squared,
or four times the impedance that one-half
of the tank reflects back into the tube, For
a given power, tube and plate voltage, there
is twice the peak RF voltage across the
split tank as there is across an unsplit
tank. This higher RF voltage means that
dielectric losses in the plate tank circuit
are four times as high in the split circuit
as in the unsplit arrangement, but bhecause
the circulating RF current is twice as high
in the unsplit tank the resistance losses
in that circuit are four times as large.

In a single-ended grid neutralized high
etliciency amplifier operating at less than
4000 volts DC plate voltage, the circulating
current losses can be minimized by tapping
the plate down on the plate coil in order to
reduce the amount of C necessary for a
given "Q" (see Figure 1A). This technique
is more desirable than employing plate neu-
tralization; furthermore, it allows the use
of a single-section condenser.

Parallel Operation: The circuit shown in
Figure 2 is exactly the same as that in
Figure 1, with the exception that the two
tubes are in parallel in Figure 2. If the
two paralleled tubes draw the same plate
current under the same conditions of opera-
tion as the one-tube circuit of Figure 1,
then the load impedance across the two
tank circuits will be equal, and the same
tuning capacity will give the same circuit
“Q"; but, if a second tube is added to an
already existing amplifier to double the out-
put, the bias must remain unchanged, even
though the DC grid current will double. The
neutralizing capacity must be doubled, and
the antenna coupling must also be increased
in order to make the amplifler draw twice
the plate current as it did before. In addi-
tion, it will be found that the tank tuning
capacity must be doubled to preserve the
same circuit “'Q.”

Push-Pull: All push-pull circuits, such as
those shown in Figures 6 and 8, have split
tank coils. 1ln these circuits there are no
unbalances due to plate-to-ground capaci-
ties; the arrangement shown in Figure 8 is
preferable to others, incidentally, the total
plate tuning capacity is the same in either
Kigure 6 or 8,

With reference to Figure 8, if the two
tubes together draw the same plate current
as the one tube circuit in Figure 4 (as-
suming identical operating parameters), the
load impedance across the entire circuit will
be the same in both cases, and the re-
quired condenser capacities will be equal in
value.

The push-pull circuit makes possible the
use of a lower value of Q" for the same
circuit merit; the “Q” of a push-pull cir-
cuit need only be approximately 60 per cent
of the "Q” of an equivalent single-ended
amplifier. The purpose of Q" in any tank
circuit is to preserve the waveform of the
alternating currcent., Thus, the particular
advantage of the push-pull circuit is
that it produces very few even harmonics
and thus preserves the shape of the wave
better than a single-ended circuit of the
same “Q". The presence of harmonics in
the distorted wave output of a low “Q”
amplifier is precisely the reason why a high-
C (meaning high "Q’) tank circuit mini-
inizes the radiation of undesirable radio-
frequency harmonics.

Tank Circuit Relationships: The imped-
ance across any tuned circuit is related to
the series resistance of the tank. The higher
the series resistance, the lower the shunt
resistance. (Resistance and impedance are
identical at resonance.) The shunt resist-
ance is always ""Q" squared, times the series
resistance.

The reactance of either the coil or con-
denser of any resonant circuit is always
cqual to "Q" times the series resistance,
or the shunt resistance divided by the “Q”,
Thus a tank loaded so that it has a shunt
resistance of 5000 ohms at resonance would
be said to have a series resistance of 50
ohms if the LC ratio were such that the
circuit Q" were 10. In order to have a
“Q" of 10, the coil and the condenser re-
actance would have to be "Q” times the
series resistance, or 10 times 50, or 500
ohms. The reactance is also shunt resist-
ance divided by *'Q", or 5000/10 = 500. The
capacity required to equal a 500 ohm react-
ance can be calculated if the operating fre-
quency is known by the following formuia:

1000, 000
N .
X T XX

where X¢ equals the reactance in ohms; f,
the frequency in cycles per second; and C,
the capacity in microfarads.

Antenna Tank Circuits: The use of link-
coupling between the plate tank of the flnal
amplifier and a separate antenna tank cir-
cuit to which the antenna or feeders are
coupled has been universally popular. This
type of coupling reduces harmonic radia-
tion, preserves better balance on a push-
pull stage, prevents the feeder radiation
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from altering stability of the various am-
plifiers in the transmitter, and tends to
improve the effective “Q"” of the plate tank
circuit of the final amplifier.

The higher the Q" of the antenna tank
the more the harmonic radiation will be re-
duced. The Q" of the antenna tank should
not be less than 3, but preferably higher
than 5. The “Q” is calculated or estimated
in exactly the same manner as that ot the
plate tank.

SINGLE WIRE FEEDER OR SINGLE WIRE FEEDER OR
ENG FEO ANT €ND FED ant oo O

CINK
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= e
FIG 14 FIG 2
JE(A)——
e —3 zeer Yarious methods for
oA 4 secoeas

o coupling final amplifier
7"1@"?’ to the antenna are here

shown.
FIG 13

One of the simmplest antenna tank ar-
rangements appears in the schematie of
Iigure 9. If the tank is feeding an off-
center Hertz antenna the shunt impedance
across the tank will be the same as the
characteristic impedance of the feeder,
which is in the neighborhood of 600 ohms

(Note: see the “"ANTENNA" section for
other details). Thus, to obtain a “Q” of

5, the condenser reactance at the operating
frequency would be 120 ohms, At 7000 KC
this would require a condenser capacity of
190 uufds. At 3500 KC, twice this capacity
would be necessary. The values of capac-
ity are larger than can be conveniently han-
dled and therefore the arrangement shown
in Figure 10 reduces the required capacity
to one-fourth, although the RF voltage (for
any given power output) is doubled; con-
sequently the twice spacing must be pro-
vided. The feeder is tapped across one-
half of the rotal turns, making the imped-
ance across the entire tank four times the
impedance from feeder to ground, or 2400
ohms across the tank for a 600 ohm feeder.
The condenser reactance for a Q" of 5 is
480 ohms; therefore only 48 uufds. of capac-
ity is necessary at 7 MC. The capacity is
independent of the power output of the
transmitter, which is a point of difference
between the antenna tank and a plate tank,
because the power output of a transmit-
ting tube is very closely related with the
reflected load impedance into which the
tube works. Therefore a 1 KW transmitter
would require no more capacity in a given
antenna tank than a 5 watt transmitter,
hut the voltage spacing would have to be
much greater. The effective 1210 voltage

across any tuned circuit is always equal to
the square-root of the product of the power
in watts, times the shunt imsedance, in
ohms; or writing

E =\ PZ

where IX equals the volts; 1>, watts; and Z,
ohms.

Thus 1 KW of power across a 600 ohm
feeder represents an effective voltage of
775 volts. The voltage across 2400 ohms
for the same power is twice this value, or
1550 volts. The peak voltage can be about
twice the effective voltage, particularly if
harmonics are present or if the carrier out-
put is voice modulated, and thus the an-
tenna tank tuning condenser must be rated
at from two to three times the peak voltage
which is present.

If it is desired to use a still smaller con-
denser to tune the antenna tank, the fecder
can be tapped farther down the tank coil.
This steps-up the impedance across the en-
tire tank circuit, according to the law of
impedance transformation, wherein the im-
pedance ratio is equal to the square of the
turns ratio.

If an end-fed antenna is tapped directly
to the antenna tank coil, the circuit of Fig-
ure 9 should be used, as it is not advisable
to tap down on the coil. [!Yigures 11 and 12
show split antenna tanks for feeding two-
wire non-resonant transmission lines. Iig-
ure 13 describes how a “epp antenna can be
fed by means of a link from the final
amplifier.

Power Transfer: In all transmitters, care
must be taken to properly transfer the
power into each succeeding stage; other-
wise the output from the final stage will
be low. The coupling link must be ad-
justed so that maximum grid current is
obtained in the driven stage.

With capacity coupling between stayes,
the grid coupling condensers mmust have
sufficient capacity to provide a normal load
on the preceding tube with maximum grid
current. l.ower frequencies, such as 3,500
KC, require a .00025 grid condenser between
the doubler circuit and the buffer grid (for
an 801 tube) for the same loading effect
on the doubler plate (6A6 in this example).
\WWith low impedance tubes, such as 6A6 or
53 types, the input to a buffer stage may
he capacitively coupled with nearly as much
arid drive as with link coupling, provided
a high or medium grid impedance is of-
fered. A low-mu tube offers a higher grid
impedance load than does a high-mu tube,
such as a 203A or 46. Capacity coupling
between an 80! and 50T, both medium-mu
tubes, gives only a little more than half as
much grid current as is obtained with link-
coupling. These important points must be
carefully weighed when a transmitter is
to be put into operation on 10 or 20 meters,
as the margin of available grid excitation
is much less than on 40 or 80 meters.
P’robably 90 per cent of the trouble with
Z0-meter transmitters is lack of sufficient
excitation on one or more grid stages.

Filament By-passing: llach side of the
filament must be by-passed with a .002 ufd.
condenser {o its particular I2F stage ground-
bus to provide low impedance paths for
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neutralizing purposes. Too low-C in the
flnal tank circuit makes neutralization dif-
ficult, and does not give any more output
on the fundamental frequency.

Self-Excited Oscillators

The seclf-excited oscillator (SIKO) is one
of the outstanding developments in the
vrogress of radio transmitting apparatus.
When properly designed, it is one of the
hest forms of frequency generation, for its
use permits any desired frequency to be
obtained with few adjustments. In amateur
band operation this advantage results in
selecting “clear spots” in which to operate.
But it is a rather dJdangerous circuit for
beginners to desiuvn. Ifew amateurs, espe-
cially the novice, have wavemeters and fre-
(uency meters to check the desired fre-
quency with a self-excited oscillator. With
these precepts, it is suggested that the S120
circuits be set aside until one has become
well-grounded in radio knowledge and in
practice.

Good design of the SEO necessitates a
choice of good parts. solid connections, free-

tube (push-pull) affairs, They can be shunt

or series fed.

Design and Technique: The push-pull
circuit is to be recommended over the
singled ended circuits, for there is a greater
voltage swing, and the even harmonics are
eliminated by circuit action. The rule to
observe in construction of push-pull sets is
symmetry—both mechanical and electrical.
Ixact electrical and mechanical symmetry
cannot be obtained until left-handed and
right-handed tubes are manufactured, be-

cause the grid and plate prongs of the
tubes are reversed on the left-handed
tubes. However, with the exception of the

filament leads, a high degree of symmetry
is obtainable. It is required that the leads
to each inductance from each grid and plate
socket be of the some length. The con-
densers can bhe connected to these leads in
almost any manner without disturbing the
constants,  In many instances in which in-
ductances are mounted on top of the con-
densers, unequal length of leads may re-
sult, even though they appear to be correct
to the eve. Figure 7 illustrates the fact
even though the grid and plate leads to the

dom from vibration, and a power supply condensers are hoth of equal length, the
with excellent voltage regulation. condenser frame makes one of the leads
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The common
types are: The Hartley—Figure 1; the Col-

Types of SEO Circuits:

pitts—Figure 2; the tuned-plate tuned grid
(TPTG)—Iigure 3: the TNT—I"igure 4, and
the electron-coupled—Iigure 5. These cir-
cuits need little explanation with possibly
a reference to the TNT. Its name is cor-
rect; it is TNT in the hands of beginners
and, therefore, is not a circuit for any
newcomer to use.

S120 circuits can be single tube or two

T se T©

FIG. 7

longer than the other. To overcome this
ditliculty, mount the coils separately with
their equal length connection to the

sockets. and then connect the condensers
to the leads. This might slightly throw
off the balance, but odd length condenser
leads still coustitute capaeity-—and not
inductance, if the leads are short and close
together. This is illustrated in l'igure 6.
Note: Keep the condensers at least a coil's
diameter away from the coil




AAA

The "RADIO" Handbook

AAA 107

Piezo Quartz Crystals

Quartz and tourmaline plates are min-
¢rals having a crystalline structure which,
when cut and ground on certain erystal-
ographic (optical) axes, possess piezo-elec-
tric properties in the influence of an oscil-
lating electrieal field., The mechanical ae-
tivity or frequency of a piezo-electric ele-
ment depends upon its ph cal dimensions
(the frequency being inversely proportional
to the thickness). The stability of the
oscillatory properties depends mainly upon
the optical eut and the crystal-temperature
coeflicient.

Definition: I’'iezo-cleetric Oscillator (after
the U.S.N. Conference in 1$29): A circuit
containing a resonator (crystal) and pos-
sessing too little regeneration to oscillate
itself, but which oscillates through the re-
action of the crystal when the latter is
vibrating near one of its normal frequencies
with energy derived from the circuit. Such
@ circuit is often called a *“crystal con-
trolled’” or "piczo-oscillator.”

POINTS OF SHEAR-—
VIBRATION

IS CENTER

/, "zt AxIS
X OF CRYSTAL

Quartz crystal axes.

used in
from the
parallel  to

A quartz oerystal plate (as
amateur transmitters) is  cut
eduges of a quartz  erystal

the optical axes known as X, Y and
7, see  IFigure 1. In  general, erystals
are  cut  with  their faces either par-
allel or perpendicular to the Z or electric

axis of the erystal. An X-cut is one that
is parallel to the X-axis, while a Y-cut is
parallel to the Y-axis, Y-cuts are some-
times referred to as 30-degree cuts, The
thickness dimensions of the plate are par-
allel to the X- and Y-axes, respectively,
while the rectangular length or elongation
of the plate is perpendicular to the optical
or Z-axis. An X-cut crystal vibrates in the
direction of the Y-uxis, and the ehief mode
of vibration for a Y-cut is that of a shear-
ing vibrational-strain taking place about
the Z-axis; with this latter eut, the crys-
tal actually becomes elastic and waves are
produced parallel to the Y-axis. A erystal
cannot oscillate along the Z-axis, as the
forees which hold the atoms of the crystal
together are so great that there is rel-
atively little expansion along this axis.

In general, quartz plates are most widely

used for controlling frequencies below 10
megacycles, beeause of their relative cheap-
ness as compared to tourmaline plates. On
the higher frequencies, tourmaline is to
be preferred for fundamental control, as
quartz plates oscillating above 7 mega-
cyeles have a slight tendency toward side-
tone oscillation. Tourmaline crystals are
mechanically stronger than quartz, and are
also easier to grind on account of their
smaller diameter and greater thickness for
a4 given frequeney,

In amateur practice, X-cut crystals are
sometimes ground with trick contours to
hoost the power output, but if the process
is' carried beyond a certain stage, the crys-
tal will oscillate at more than one fre-
quency unless special precautions are taken
with the oscillator to prevent it. The tem-
perature coeflicient of 4 Y-cut plate is twice
that of an X-cot (and in the opposite or
negative direction), but if the oscillator is
run underloaded, the drift will be negligible
with either cut. Recause of the temperature
characteristics. X-cut crystals have a neg-
ative temperature coefficient, and Y-cuts
positive; for these reasons, an X-cut plate
is preferable for use just inside the HI"
edge of a band, and a Y-cut for the low-
frequency edge.

Frequency Drift and “Twin-Peaks’: Crys-
tals that oscillate at nore than one fre-
(uency are commonly known as crystals
with “twin peaks.” This dual vibrational
tendency is more pronounced with Y-cuts,
and to a certain dezvee is exhibited by
many X-cuts. The use of a well-designed,
space wound, low “C’ tank coil in an oscil-
lator will prohibit the crystal from oscillat-
ing at two frequencies, and in addition will
increase the output. Kxperiments have
shown that the frequency stability is not
improved by large tank capacities, which
only tend to augment the double frequency
phenomenon,

Y-cut erystals having pertfectly parallel
sides, lapped to a high precision, are the
warst offenders in regard to twin frequen-
cies, sometimes muking it necessary to re-
sort to a special form of ¢lamp holder in
addition to an extremely low capacity tank
to confine the oscillations to one peak.

An X-cut crystal that has been accurately
ground, with hoth sides absolutely tlat and
parallel, will oscillate at only one peak,
provided the edges are free from imperfec-
tions or nicks, Good output from an X-cut
crystal can only be obtained when the top
electrode of the erystal-holder does not
press too heavily against the crystal. Ry
arinding a special contour into the c¢rystal,
a medium output is obtainable that under
certain conditions may suflice; however, a
crystal ground in this manner will have its
output appreciably reduced by heavy elec-
trode pressure. In grinding. if the convex-
ity is carried too far, the crystal will
have two oscillating peaks,

Twin frequencies appear in several ways:
sometimes the crystal will have two fre-
quencies several hundred cycles apart, os-
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cillating on both frequencies at the same
time, and producing an acoustically audible
beat note. Other crystals will suddenly
“jump” frequency as the tank tuning con-
denser is varied past a certain setting. Op-
eration with the tank condenser adjusted
near the point where the frequency shifts
is' very unstable, the crystal sometimes go-
ing into oscillation on one frequency and
sometimes on the other as the plate volt-
age is cut “on" and ‘off.”" Still other
crystals will jump frequency only when
the temperature is varied over a certain
range. And some plates will jump fre-
quency with a change in either tank tun-
ing or temperature, and produce an audible
beat tone at the same time, showing ac-
tually two pairs of frequencies!

Crystals are often cut with their axes
hetween the X and Y points, to reduce the
temperature coeflficient. Since X- and Y-cut
plates have a frequency drift in opposite
directions with increase in temperature, a
plate cut between the two axes will have
a negligible or near-zero drift.

Bliley frequency chart of Amateur Bands and
harmonic relationship.

Use and Care of Crystals: When operat-
ing close to the edge of one band, it is ad-
visable to make sure that the crystal will
respond to but one frequency in the holder
and oscillator in which it is functioning;
for a crystal with two peaks can suddenly
leave a band and operate on another with-
out giving any indications of the change
on the meter readings of the transmitter.
If the transmitter frequency is such that
the operation takes place on the edge
of the band at all times, under all
conditions of room temperature, some
form of temperature control will be re-
quired for the crystal. When working
close to the edges of the 14 megacycle band
it is essential that the crystal temperature
be kept at a fairly constant value: the
frequency shift in kilocycles per degree Cen-
tigrade increases in direct proportion to the
operating frequency, regardless of whether
the fundamental or harmonic is used. When
a crystal shifts its frequency by two kilo-
cycles, its second harmonic has shifted 4

kilocycles. Amateurs not operating on the
edge of a band need not concern themselves
about frequency drift due to changes in
room temperature. If a pentode tube
is used for the crystal oscillator having a
plate potential of approximately 300 volts,
the temperature of the crystal will not in-
crease appreciably to cause any noticeable
drift at even 14 kilocycles. When a crystal
oscillator is keyed on 3.5 or 1.7 mega-
cycles, the frequency drift is not of any
consequence, even with much higher values
of plate input, because of the keying and
of the fact that the drift is not multiplied
as it would be with harmonic operation of
a final amplifier.

Crystal holders have a large effect on
the frequency; for example, the frequency
of an 80 meter crystal can vary as much
as 3 Kkilocycles in different holders. Even
greater variations are possible on account
of the unevenness of some electrodes in
various types of manufactured holders.
Warped electrodes touching a ecrystal in
two or three spots form, in effect, a sort
of air-gap holder. lHolders having a spring
to provide tension on the top electrode ap-
preciably affect the frequency, and their
use is to be discouraged.

Periodic or weekly crystal cleaning done
by rubbing the top electrode around on the
crystal surface to dislodge dust particles
that may have worked in between the elec-
trode and crystal will, after a year or
longer, increase the frequency of the crys-
tal. CAUTION: Do not rub the crystal or
electrodes; disassemble the holder and clean
the parts with alcohol, ether, or carbon-
tetrachloride (carbona). With polished
crystals there is less tendency of wear;
however, as a safety measure, all crystals
should be placed in dust-proof holders.

40 Meter Crystals: A {0 meter crystal can
be used in the conventional 47 crystal oscil-
lator circuit and link coupled to an 841 dou-
bler running at about 700 volts to excite
a 210 to full output with high efficiency
on 20 meters, provided the 841 is also link
coupled to the 210. On the higher fre-
quencies there is a worthwhile increase in
efficiency and output when using the link
form of inductive coupling, rather than
capacitive coupling. Capacitive coupling is
justified at the higher frequencies only for
the sake of simplicity where reduction in
efficiency can be tolerated.

Special precaution must be taken with
40 meter crystals, and more care given to
the circuit details than with lower-fre-
quency crystals. Here, a suitable crystal-
holder is of prime importance, as many
40 meter crystals refuse to oscillate in any
holder except the particular type in which
the crystal was designed to operate. Be-
cause a holder works well with an 80- or
160-meter plate does not indicate that a
40-meter crystal will function likewise.

A 40-meter crystal requires a very light
top electrode with no additional pressure
spring for maximum output; spring pres-
sure is not necessary for stability unless
the transmitter is subject to severe vibra-
tion. The faces of a 40-meter crystal are
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practically flat, and if the surfaces of the
holder electrodes are truly plane, the top
electrode will not tend to ‘‘rock” on the
crystal and cause frequency instability.

Before placing a 40-meter crystal in its
holder, the edges of the crystal should be
carefully examined for nicks and imperfec-
tions. A nick almost invisible to the naked
eye will sometimes have an appreciable
effect on the output. If the edges show that
they have been chipped, the crystal should
be returned to the manufacturer for re-
finishing.

Grinding Quartz-Crystals

What Cut to Grind: Amateurs who have
had no previous grinding experience should
first attempt grinding a Y-cut 80- or 160-
meter crystal. Although it requires a much
longer time to grind an X-cut after one has
become proficient, X-cuts must be flnished
with a greater degree of precision and are
therefore best avoided by the novice for the
first attempt.

Grinding Materials: The necessary mate-
rial and equipment required for grinding
with a minimum of labor and difficulty are:
a micrometer, several pieces of heavy plate
glass, an oil can fllled with water, a pan
of clean water, several clean towels, a bot-
tle of India ink, a test oscillator, and a
frequency measuring device such as a cali-
brated receiver, and lastly, small quantities
of No. 150, No. 280 and No. 400 carborun-
dum. The latter grain is used only in fin-
ishing X-cut plates, and need not be pro-
cured if only Y-cuts are to be ground.
Water is used in preference to kerosene,
because it is necessary to remove all oily
traces each time the crystal is tested in
the oscillator. A one-half inch micrometer,
reading to ten-thousandths, is best adapted
for thickness measurements, but a one-inch
instrument, reading to thousandths, will
measure close enough for Y-cut places by
estimating to ten-thousandths and with care
can even be used for the lower-frequency
X-cuts if nothing better is available. It is
advantageous to grind down the movable
face of the micrometer on a wheel so that
the tip resembles a cone with a rounded
point, rather than the end of a cylinder.
This enables one to measure a point on a
crystal instead of a section of the crystal.

The test oscillator must be equipped with
a plate milliameter, a dummy load which
can be cut out of the circuit, and plug-in
inductances so that either low or high “C"
can be used in the tank for test purposes.
An RF meter in series with the crystal is
optional.

Grinding Technique: Assuming that one
has the necessary materials and a 160 or
§0-meter Y-cut blank which it is desired
to convert into a good flnished crystal, it
is first necessary to flnish one side flat,
to use as the reference side (some blanks
already have the reference side flnished and
marked). This can be done by rubbing one
side around with even pressure on a piece
of plate glass that has been smeared with

No. 150 carborundum grain and water until
India ink marks which have been placed
on the tip of each corner disappear. The
crystal is then rinsed in the pan of water
and rubbed on another piece of plate glass
smeared with No. 280 carborundum and
water for half a minute or longer—care
being taken to see that the pressure is
fairly even all over the crystal and that
the grinding is being done on the same
side. The crystal is then washed and
dried, and one corner of the filnished side
marked with India ink. All subsequent
grinding is done on the other side. Using
a finer grain of abrasive for finishing Y-cut
crystals is not advisable, because it does
not increase the output, but only aggravates
the tendency toward twin-frequency peaks.
By using a medium grain of carborundum
for finishing and by giving the right con-
tour to the side that is not yet finished, the
second peak can be eliminated.

A piece of raw quartz and several unfinished
slabs from which oscillating crystal blanks are
cut. The best quartz is mined in Brazil.

The crystal should now be roughened
d@own with No. 150 grain carborundum until
it is .002 or .003 inch thicker than the cal-
culated flnished thickness, which will be
very close to .022 for 3500 KC and .0435 for
1750 KC. The finished thickness of a crys-
tal of either cut can be predetermined for
a given frequency within fairly close
limits by applying the following formula:

112.6
X-cut T =
P
77
Y-cut T=——
F

Where T is the thickness in inches, and F,
the frequency in kilocycles.

The next step 18 to finish the crystal down
with No. 280 abrasive to about .0004 inch
greater than the calculated thickness (.001
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for a 160 meter plate), frequent micrometer
readings being taken to prevent any high
or low spots from appearing. The crystal
is then put in the oscillator. If its sur-
faces are reasonably parallel, it should now
oscillate. If it oscillates at but one fre-
quency as the tank tuning condenser is
varied, it is a most unusual Y-cut crystal
and is not acting in characteristic fashion.
Making certain that it is oscillating at the
low-frequency peak, the frequency should
be checked to ascertain how closely it is
agreeing with the formula.

The second peak, which is the highest in
frequency, ean be eliminated by giving the
face now being ground a convex contour.
The degree of convexity necessary to give
one-frequency operation will vary with dif-
ferent crystals, but in every case the sec-
ond peak will disappear before the process
is carried far enough to affect the output
to any great extent. 1In fact, a moderate
curvature will actually increase the output
slightly over that of a Y-cut crystal that
has been ground with both sides perfectly
flat.

At this point the corners should be
slightly rounded and the edges finished up.
1t is best to finish these before putting the
final touches on the crystal as a prelim-
inary to grinding the crystal to an exact
frequency, because grinding on the edges
will sometimes affect the charaeteristics of
the plate. Grinding on the edges has a
minor effect on the frequency, and also
will sometimes cause a crystal that checks
at one frequency to develop a second peak.

The optimum amount of convexity can
only be determined for eaeh particular
crystal by trial, but it is not critical as
long as no spot is higher than the center
of the ecrystal. A contour that has been
found suitable for most 80 meter crystals
of the Y-cut type is as follows:

Edges between corner .0001 inch lower
than center; corners .0003 to .0005 inch
lower than center. Kor 160 meter crystals
the convexity can be slightly greater if nec-
e¢ssary to eliminate twin peaks. A piece of
zlass that has been slightly worn down fa-
cilitates grinding a uniform convex con-
tour, but until one has used a piece of glass
for roughing-down several crystals it will
not be hollowed out sufficiently for the re-
(quirements. If the glass is nearly flat,
bressure on each of the edges and corners—
one at a time—will be necessary to get
the desired curvature.

A flnal check for twin peaks is made by
using a tank coil in the test oscillator which
requires slightly more capacity to tune to
resonance than will ordinarily be required
in the transmitter oscillator. No attempt
should be made to keep the crystal from
oscillating at two frequencies with an ex-
tremely high-C tank, because almost any
crystal will show a second peak if the
oscillator is made very high-C. If the
‘“‘medium-C” tank shows two frequencies,
it will be necessary to grind down the tips
and the corners until the second one disap-
pears. A soldering iron should then be
held near the crystal as the beat note is
monitored in the receiver, until the crystal
frequency creeps 10 or 15 kilocycles. The
shift should occur gradually without sud-

den “jumps.” The tank is then tuned
through resonance for only one frequeney;
if two appear, the tips of the corners of
the plate must be ground further. Very
few plates will be found to require such
drastic treatment, the slight convexity
usually being suflicient.

To test for output and freedom of oscil-
lation, the original low-C tank coil is em-
ployed. It is helpful to have a crystal
that is known to be a good oscillator for
comparative purposes. A low value of min-
imum plate current is the eriterion for free-
dom of oscillation. A low minimum plate

current means nothing, however, if the
crystal becomes unstable or goes out of
oscillation the monient a load is coupled

to the tank. The oscillator must stand a
reasonable amount of loading without going
out of oscillation; in addition. must be
stable when loaded.

If the finished crystal gives good output
and has only one frequency response, one
is then justifled in attempting to grind an
X-cut plate.

Grinding an X-cut Plate: The reference
side of an X-cut blank is ground down with
No. 150 and No. 280 carborundum grain in
the siame manner as a Y-cut blank. It is
then rubbed around in a circular motion
for a half minute on a new piece of glass
which is covered with No. 400 abrasive and
water. 1t is imperative to use a new piece
of glass for finishing the reference side
of an X-cut blank, hecause maximum out-
put will not be obtained if either side
has the slightest nmount of a convex curva-
ture. One exception can be made: some
manufacturers grind their X-cut plates
with a speeial contour which calls for sec-
tions of the crystal being very slightly
convex, but an amateur inexperienced in
grinding will do well to keep away from
such special trick contours. The output
of an X-cut plate can be boosted by merely
grinding it slightly concave on the finish-
ing side. IParadoxically, while Y-cut plates
have twin frequencies when the curvature
is not great enough, X-cut plates exhibit
double frequencies only when the curvature
is too great, It is necessary, however, to
remove a large section out of the center
of an X-cut crystal before the second fre-
quency appears, unless a very high-C tank
is used in the oscillator. Grinding the cen-
ter of an $0 meter X-cut plate .0001 or
0002 jneh low will boost the output with-
out encouraging a second frequency.

After inking the reference side, the blank
is roughed down to about .03 or .004 ineh
over the calculated finished thickness with
No. 150 carborundum, and then down a lit-
tle further with No. 280 grain. The final
grinding is done on a little-used piece of
glass, covered with No. 100 grain and water.
Enough pressure is exerted in the center
of the crystal with one flnger to bring the
center 0001 or .0002 inch lower than the
edges and corners. No spot should be lower
than the center, otherwise the output will
be disappointing. A new piece of glass
should be used for finishing each X-cut
crystal. The glass is then suitable for grind-
ing Y-cut plates or roughing-down X-cut
plates. DBecause 160 meter X-cut crystals
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are too thick to be hollowed out easily by
vxerting presure in the center, even if new
pieces of plate glass are used, it is neces-
sary to finish them on a special piece of
convex glass,

Iinishing the edges on X-cut plates is of
gZreater importance than on Y-cuts. An
N-cut plkite with untinished edges may even
refuse to oscillate unless the edges and
corners do not vary over 0001 inch, or un-
less about .0005 inch hax been hollowed out
of the center (which ix sufficient to cause
double ponse  frequencies). A crystal
with variations greater than 0001 inch be-
tween the different corners and edges may
give full output after the edges are fin-
ished, [t is important that every minute
imperfection be removed from the edges
when finishing NX-cut plates. X-cut crys-
tals that refuse to give full output can
sometimes be made to oscillate more freely
by grinding the e¢dges so that the cross-
section of the erystal is reduced; that is,
to grind so that the dimensions of the
crystal along the other axes are changed.

To tinish the edges of crystals of either
eut, all nicks are first ground out by using
the same grade of abrasive as used to fin-
ish the faces, but applyving less water. To
complete the work, the corners and edges
are then slightly ronnded off.

The India ink referenee mark can be re-
moved with a moistened, oft rubber erasecr.
The plate should he washed with soap and
warm  water to remove any rubber gum
which may adhere to the unpolished sur-
faces,  N-cut erystals can be polished to
high transparency with rouge; however, the
output will not be inercased over that which
is obtained by grinding with a high grade
abrasive,

One-Tube Push-Pull Transmitter

A simple push-pull crystal oscillator cir-
cuit emiploving a type 53 tube is an ideal
meins for securing 10 watts of output for
a CW transmitter.

A complete unit, ready for connection to the
power supply.

This illustration shows a more elaborate single-

tube transmitter with large plate coil. A milli-

ammeter, on-off switch, and a keying jack are

mounted on a small Masonite panel. It gives
no better results than the smaller unit.
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CORRECT PARTS LAYOUT

Single-tube 53 or 6Aé transmitter.

Details: The arrangement of the various
parts should be followed as shown in the
accompanying photographs. For 160-meter
aperation, a 110 untd, midget variaole con-
denser isx used. This condenser is mounted
about 6 inches back from the front panel
and a Y%-inch round bakelite shaft Is cou-
pled to it, then extended to the tuning dial.
The front panel is a piece of No. 12 or
No. 14 gauge aluminum, 4 In. x 10 in. The
baseboard is 11 in. x 15 in. x % in. Wooden
cleats, screwed to the two cnds of the base-
board, raises it sufliciently off the table to
permit mounting the bypass condensers and
resistors underneath. The filament and
plate supply wires are also under the base-
board.

N The top and bottom
connections of the coil
terminate in the
LARGE pins of the

coil form, where they
are soldered in place,
The center-tap (mid-

point of the winding)
is brought to one of
the smail prongs. This
mid - paint  connection
can be soldered where
the tap is taken, and
only one wire need
then be brought to the small pin, instead of twe
wires, as shown in the accompanying sketch,
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&) 002 [z

) B uro @

ll L
\ Y ® M 4 eroNG

\.2_f

O"\' SOCKET
FOR

| PLATE

® 1 coiL

PLATE LEADS OF
~ EQUAL LENGTHM
FROM TUBE TO COIL

-
vy AR
G (3R oen
Schematic wiring diagram £ -
of the complete one-tube e s
push-pull transmitter and o v
power supply. LI is the os- S TN Lo
cillator plate coil, L2 and 3 ” I 0 o e e e e e e o 3 e S S =
L3 are the coupling loops, =2 PN CR P OWERRSUBRLY |
L4 is the antenna coil. A ,L 400 iy ﬁ:\ = - ,
simpler form of antenna et L Hewe o
coupling is shown below. 02 o thgun | L e ]
The pictorial diagram above e soove 'L | o s I
is the same as the schematic i ! s s e J
circuit here shown. X brghl —;

{0 WATT PUSH-PULL CRYSTAL CONTROLLED BEGINNERS TRANSMITTER

USING A SINGLE 53 OR 6A6 TuBE
The circuit diagram shows two methods
of making the antenna connection. The plafe coil also
If “air-wound,” large diameter coils arc | serves as a support

used, the plate coil for 80-meter operation for the antenna coil,
is wound with 37 turns of No. 14 enameled as the illustration
wire on a form 2% inches in diameter; shows. The antenna
the wire is wound over a space of 4% coil is wound on a
inches and a tap is taken at the center of | piece of tubing
ithe coil for the plus "I3” connection. Small which can be slid
diameter plate coil winding data is on over the p|afe coi|,
bage 118. or supported on top
1f the plate coil is not wound to speci- of the coil torm.
fications, a higher capacity condenser will | The coupling is de-
be required for tuning the 80-meter plate | creased by raising
coil. As an alternative, a single-spaced 100 the coil.
uufd. midget variable condenser can be used

{

VANTENNA COIL WOUND ON

i

=
/T

TUBING OVER PLATE COIL




Complete newcomers' station, showing the one-tube push-pull transmitter, receiver with type
19 tube, telegraph key and headphones. This is an ideal arrangement—strictly modern.

tor ¥0-meter operation if the plate supply
is less than 400 volts. For 40 meters a
35 uufd. double-spaced midget variable is
satistactory. The plate coil for this band
has 22 turns of No. 14 enameled wire
wound on a form 23 inches in diameter
in a space of 5 inches.

The two connecting leads from the plate
c¢oil to the plate condenser are of the same
length.

47 Oscillator and 210 Amplifier
Transmitter for Newcomers

With this transmitter, amateurs
in San Irancisco have contacted
others in Australia and New
Zealand on the 80 meter band.
The construction given herein is
such that additional stages can
be added at any time in the fu-
ture. }

All coil-turns data is shown in |
the table on page 115. A turn |
or two can be added to, or re-
moved from each coil, depending
on the particular conditions under
which the transmitter will be
called to operate. However, the
winding data is useful for coils
tuned with small midget con-
densers of the capacity as specified,

The illustration shows the R-F |

quartz  crystal. The resistors and con-
densers for the oscillator stage are mounted
heneathh the baseboard, the latter being
raised from the operating table by a four-
inch cabinet, Isolantite sockets are used
throughout.

To the right of the oscillator stage is the
zrid coil, spaced 6 inches between centers
from the oscillator coil. The grid coil tun-
ing  condenser, a standard 100 uufd.

portion of the transmitter. The -
47 stage is at the extreme left.
The 47 tube has given good re-
sults. The oscillator stage, from
front to rear, consists of a 100 uufd. tun-
ing condenser, plate coil, 47 tube, and

— — — )

R-F portion of 47-210 transmitter

midget variable, is directly in front of the
grid coil.
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RF Portion of 47-210 Transmitter Circuit.

Link coupling is used between the oscil-
ltor plite coils and grid coil.  The coupling
link consists of a piece of No. 20 (or larger)
insulated wire with a loop around both the
plate and grid coils, The ends of the loops
are connected to two ot the prongs of the
coil form, with the link line running under
the baseboard. Variable coupling is not re-
quired for the coupling loop, the latter is
simply slid over the coils and placed at a
point about Y% inch (or less) from the
LOWEIR e¢nd of cach coil. The high-poten-
tinl (plate)r lead of the oscillator must con-
neet to the top turn of the plate coil and
also to the stator of the tuning condenser.,

Center-tap resistors are shunted
the filklunents of the 47 and 210 tubes,
The resistor across the crystal may have
any viddue from 10,000 to 50,000 ohms, al-
though many crystals will not “start’” un-
less 20,000 or more ohins is used.

The 17 screen dropping resistor has a
value of 10,000 ohms with a 5 to 1o watt
rating, although values from 10,000 to 60,-
000 ohms will suffice. The 106 ufd. screen
by pass condenser and the Dblocking con-
denser are of the mica type. The choke
(1) must be of a zood manufacture: a
small receiving type of Hammarlund choke
is satisfactory.

In the 210

ACross

amnplifier stage, the bias re-
sistor has a value of 10,000 ohims, 2 watt
sating.  As in the oscillator stage, the by-
pass condensers are of the mica type. The
negative B lead from the oscillator stage
is connected to the negative 13 lead of the
amplifier stage. 'The neutralizing condenser
in the 210 stage is a 35 uufd. double-spaced
midget. The key, for CW transmission, is
in series with the center-tap of the tilaument
resistor and the negative B terminal.

Connection to a Zepp antenna only re-
quires a simple coupling coil consisting of
from 6 to 13 turns of No. 16 DCC wound
on a 1Y% inch bakelite coil forin, which is
placed directly on top of the plate coil. The
antenna coil is tuned with a 00035 ufd. re-
ceiving type variable condenser in parallel
with the Zepp feeders; for series tuning, a
00035 ufd, receiving type condenser is
placed in series with each feeder and the
respective ends of the antenna coil. Coup-
ling may be varied by placing a hinge on
the antenna coil, or it may remain tixed by
merely holding the plate and antenna coils
in place by means of a cardboard sleeve,
slipped into both coil forms.

Tuning: The tuning process is simple—
secure a 2%-volt dial light, or small neon
glow-Limp. If the dial light is used, con-
nect a two inch loop of wire to the termi-
nals of the lamp, soldering one end of the
loop to the base connection and the other
end to the screw-thread—with @ neon lamp
the loop is not needed.

Technique: Lizht the filaments of the 47
and 210 tubes. Turn on the plate voltage
tfor the 47 oscillator tube hut not to the
210 stage. Hold the Lump near the top of
the plate coil and rotate the oscillator plate
condenscr until a point is found where the
lamp  glows brightest. This oscillation
“peak” will not hold when the next stage
is tuned. Now slip the coupling link over
both the oscillator plate coil and the grid
coil, placing the link at the bhottom of both
coils.  Retune the oseillator condenser for
hrightest lamp glow; then tune the grid coil
condenser until the lamp glows brightest
when held over the grid glow, If the lamp
does not light when held over the grid coil,
it is proof that the oscillator stage has
stopped oseillating,  Retune the oscillator.
A certain setting of both oscillator con-
denser and the grid condenser will be found
where the lamp glows about the same bril-
liancy when held over cach eoil,

Now place the lamp over the 210 plate
coil and, with no plate current connected
to this stage but with the filament lighted,
make sure that the crystal is oscillating.
Now rotate the 210 plate coil condenser over
its entire range; if the tuning lamp lights
up, the stage is not neutralized. Still keep-
ing the lamp over the plate coil of the 210
stage, slowly rotate the neutralizing con-
denscer until a position is found where the
tuning lamp will not glow over the entire
swing of the 210 plate tuning condenser.
While neutralizing this stage, it is well
to frequently hold the tuning lamp over
the oscillator and grid coils to make sure
that they are still in resonance. If no in-
dication is found in the lamp when going
back over the oscillator, retune the oscil-
jator an? grid coil circuit, because different
settings  of the neutralizing condenser
throws the oscillator out of oscillation and
require the cirecuits to be retuned.

When a point is found on the neutraliz-
ing condenser where no glow is indicated
in the tuning Liump, no matter where the
plate condenser of the 210 stage is set, the
stage can Dbe considered as being neutral-
ized. Now apply the high voltage to the
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plate of the 210, press the key, and tune
the plate condenser of the 210 until the
lamp shows MAXIMIU'M glow. Connect the
antenna to the coupling coil, place this coil
over the 210 plate coil, tune the antenna
tfeed condenser, and retune the 210 plate
condenser until maximum indication is had
in the antenna RI® meter. The transmitter
is now ready for ouperation,

Summary of Tuning: The entire transmit-
ter is tuned to resonance if the tuning lamp
glows when held over the oscillator plate
coil and when it is placed over the grid
coil, but NO GLOW should appear when the
tuning lamp is placed over the 210 plate
coil  with the 'high voltage disconnected
from this stage, no matter where the 210
plate condenser is set,

Cautionary Measures: Watech the RF an-
tenna meter., Slowly retune each condenser
until maximum indication is had in the an-
tenna when the key is pressed.

Care should be taken not to hold the tun-
ing lamp too close to the coils, else it will
burn out. The small neon glow-lamps, on
the other hand, ¢an be placed in very close
proximity to the coils without danger of
burning out when tuning low power stages.

The newcomer is advised to use the neon
2low-lainp for tuning, in preference to the
2l -volt dial light, beciause it is a more
sensitive indicator and will not burn out so
readily. The cost of these lamps are ap-
proximately 40 cents, and may be purchased
from most any well-stocked radio supply
house,

If one experiences ditHculty in properly
tuning the transmitter, it is suggested that
advice be sought from a local radio club.
Fellow amatcurs are always willing to be

of service.  llowever, if the instructions
given herein are closely followed, no difli-
c¢ulty should be encountered.

In conclusion, it is of paramount im-
portance that a good, standard crystal and
holder be used in the design of the oscilla-
tor. The emitted note of this transmitter
has a sharp, pure I crystal note, which
is in conformity with the rules and regula-

tions of the Federal Commmunications Com-
mission.
- L _.1.<-z'*T.—L ——.1
—SL®- ee—
4 ’
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with 47
The plate coil {LI) is coupled to a

Experimental single-tube transmitter
pentode.
twisted-pair feed line. Resistor R has a value

of 10,000 ohms.

TRANSMITTER COIL WINDING DATA
For 47 Oscillator and 210 Amplifier Using Single Section Condensers

NOTE: LI—Oscillator Plate Coil.

L2—Grid Coil.

L3—210 Amp. Plate Coil.

Tuning
o 160 METERS Condenser
Note: Coils Lt | L170 Turns, No. 22 DSC, close wound 100 mmf.
ndLZwoeundon | L2--70 Turns, No. 22 DSC, close wound i 100 mmf.
Foems. L3 -85 Turns, No. 20 DCC, close wound on 2" dia. form, 4" wind-
ing space. 150 mmf.
R ) 80 METERS
Al 31Cgils wound | Lt 35 jurns, No. 22 DCC, close wound. 100 mmf.
on 115" diameter | | 2 35 Tyrns, No. 22 DCC, close wound. 100 mmf.
Isolantite Forms | —— °° - — - -
L3-45 Turns, No. 22 DCC, close wound. Center tapped. 70 mmf.
. i _ 40 METERS
AN Coils wound | L1 19 Turns, No. 20 DSC, space wound, one diameter spacing
on 1'," dia. Iso- ~_between turns. 100 mmf.
lantite Forms. L2—Sameas L1. 100 mmf.
L3 24 Turns, No. 16 Enameled, 12 turns to inch. Center tapped. 70 mmf.
ANTENNA COILS
. 160 METERS
For 160 meters a Marconi antenna is well suited. Use the Collins {mpedance
Matching System. Wind antenna coil with 30 turns No. 12 enameled, on 21," dia. 350 mmf.
form, 5 turns to inch.
80 METERS
For Zepp Antenna, use coupling coil with 13 turns No. 16 DCC on 1 14" dia. form.
If Collins System is used, 80 meter coil is same as 160 meter coil. 350 mmf.
- 40 METERS
For Zepp Antenna use antenna coupling coil same as for 80 meters. If Collins
System is used, wind only 7 turns on antenna coil. This coil is also satisfactory for
20 meters. 350 mmf.
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The Jones All-Band Exciter (H

Quantitative experiments with various
types of quartz-crystal oscillator circuits
proved the fact that a type 53 or 6A6 tube
makes an excellent oscillator and harmonic
generator which operates with the minimum
heating of the crystal. The best results
with a type 53 are obtained with one triode
working as an oscillator and the other as
a harmonic doubler or generator. The tube
has a high mutual conductance and ampli-
fication constant; thus, it is well adapted
tor service in crystal oscillator circuits.
in addition, both 53 and 6A6 tubes give a
high output with low plate voltage. The
harmonic content is higher with 300 to
400 volt plate supply than a Tritet oscil-
lator having a 500 to 600 volt supply. This
results in economy, since an ordinary BCL

power supply is suitable.
CAYSTAL FREQUENCY
53 or 6AE
L oo |
wrc L
a3 wre  T] 100 muF L
0w |
o
= <R
= | 2 |
- = o
{ =
Las 4 |
CRYSTAL NAII\AON < moo war |
——— + 350V
FI1G 1

Jones Exciter for two-band operation. R-50,000
ohms, 2 watts.

The oscillation section works splendidly
when heavily loaded and also with less
crystal RF current, which results in mini-
mum crystal temperature and frequency
change. The other triode section is capac-
jitively coupled to the oscillator, which acts

armonic Oscillator), 1935 Model

up to the 8th harmonic. From the circuit
shown in Figure 1, an output of 5 watts
is secured on 80 meters from an 80-meter
crystal, 5 watts on 40 meters, and 0.7 watts
on 20 meters. These outputs are obtained
from a 400-volt power supply with a to:al
cathode current of from 50 to 90 milliam-
peres, which is about equally divided be-
tween the two triode plates. The crystal
current is about 37 milliamperes.

1f doubling is only desired, regener-
ation need not be incorporated in the
general scheme. On the other hand, regen-
eration is required for the higher-order
harmonics. The amount ef feedback must
be carefully controlled; otherwise the cir-
cuit may act as an oscillator at the fre-
quency dctermined by the harmonic of the
triode tuned circuit,

CRISYAL FREQUENGY

53 0r 6A6

NEUTRALIZING OR
—— REGENEMATING

.23

13T YO 8Tw
HARMONIC

.
T
FI1G. 2

Jones Regenerative Exciter for all-band opera-
tion. R-50,000 ohms.

1n general, the simplest all-band exciter
shown in Figure 1 is most desirable. It
can be used to drive one or two 45 tubes
as a buffer or low-power transmitter. The
45 tube will deliver as high as 20 watts
output on 40 meters when excited by a

as a very eflicient harmonic generator. type 53 tube and an 80-meter crystal
53 on 6A6 EXCITER 450r2A3 BUFFER
NG
0004 uch\ A OB ouonlwcA [—4%—‘\ g
I
'L/_‘[ Cous L TO FOLLOWING
oo 001 STAGE OR
100 s0000% ..|H TO ANTENNA
40
e
. DDLGI'!LCR = JZ
- o _{”"““s&".ré’.!""” ey uurr:: were — =1 J3
—3 IF NO FIRED & BAT
T 15 USED IN CRID CKT
FIG. 3. -
R—50,000 ohms,
2 watts. 2, oon®e Jones Exciter and Buffer-Amplifier for two-band oper-

Figure 1 shows the simplest oscillator-
double circuit, while Figure 2 shows the
same circuit with regeneration in the har-
monic section to secure reasonable outputs

ation from a single crystal.

Over 15 watts output, see ligure 3, is ob-
tainable on 20 meters from a 40-meter crys-
tal in conjunction with a 53 or 45 tube
supplied with 400 volts on the plate. In
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Plan view of a complete Jones Exciter with 53 oscillator-doubler and 2A3 amplifier. Best results
are secured when the components are arranged as shown above.

this case, the power source must be capable
of supplying approximately 150 milliam-
peres.

The simplest test or adjustment of this
circuit is to use a single turn of wire and
a 6-volt pilot-light as an oscillation indi-
cator. The oscillator stage is first adjusted
and tuned to approximately the mid-point
of its oscillating range and the doubler
section is tuned to peak output. When the
oscillator is not functioning, the cathode
current will be approximately 20 ma.; but
in a state of oscillation this current will
rise to between 50 and 110 ma, If the
doubler section is not employed, its grid-
leak may be opened to remove the load
from the oscillator section. The grid-leak
increases the bias of the harmonic produc-
ing triode to a great many times cut-off
bias. The 400-ohm cathode resistor provides
i fixed bias to both the triode sections, and
also stabilizes it for use on plate voltages
of over 300 volts.

Note: Other than type 2A3 or 15 type
tubes can be used in the buffer stage of
a2 Jones Iixciter. The following table is
of inestimable value in determining the
type of tube and method of coupling to
tive the best results,

Single 15 or 2A5.. ..., Capacitive coupling
Single 46 ... ... ..., Link coupling
Single 8§41 ... o oL, Link coupling
Single 210 .................. Link coupling
Ningle 801 .................. Link coupling
Ningle 865..... Capacitive or Link coupling
Single 53 Push-I'ush Doubler.Link coupling
Single 59 Regenerative Doubler.......
.................... Capacitive coupling
Two 45s in Parallel or T'ush-Pull......
........... Capacitive or Link coupling
Single 802 ............. Capacitive counling

Any of the above combinations will pro-
vide sufficient excitation for one or two
tvpe 211 tubes, or two 50Ts, or single 150T
or HK354, for grid modulation. With CW
transmitters having a very high power in-
but to the final amplifier, an additional
buffer stage should be used. I'inal ampli-
tiers having two type 211 tubes are best
driven by a pair of 210s or 801s operating
with a plate voltage of at least 700 volts.
A single 210 or 801 operating with 700 volts
on the plate will give sufficient drive for
('\V when the flnal amplifier tubes are of
1ypes 1507 or HK35 1.
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Jones Exciter for operation on the second harmonic of the crystal frequency. The output from
the doubler drives the 2A3 buffer-amplifier stage. A 160 meter crystal is used for 80 meter
operation, 80 meter crystal for 40, 40 meter crystal for 20.

1t is important to mention here that a few
turns must sometimes be added to, or removed
from, the coils shown above if the circuits can-
not he tuned to resonance. However, the coil
data here given is correet for use with the
tuning condensers specitied in the circuit dia-
gram,

ar 20 meter operation, using a4 meter
yatal in the oscillator,

Oscillator Coil—16 turns of No. 16 enameled
or DSC wire, spiced one dianmeter on a 1lg-in,
liameter coil form,

Poubler Coil—10 turns of No. 14, =paced one
diameter on 1%-in. coil form,

Plate Coil for 2A3 Stage —11 turns No. 14,
spaced one diameter on 1'.-in. coil form and
center-tapped. Or large diameter “air-wound®
plate coil (2% -ino with 10 turns of No. 14
wire, space wound, can he used,

A business-like "bread-board” layout and
control panel for the Jones Exciter. —

Coil Winding Data

For &0 meter operation, using o 1u0 metler
crystal in the oscillator,

Oscillutor Coil—68 turns of No. 22 DSC wire,
close wound, on a 1le-in, diameter standard 5-
prong plug-in coil form.

Doubler Coil-—27 turns of N
slightly space wound, on a 112
prong coil forn,

Plate Coil for 203 Stage—Either o small
coil, wound on 114-in, plug-in coil torm, with 25
turns of No. 20 DOS, slightly space-wound, or a
lurge copper-wire-wound coil, 23 -in. diameter,
o\ turns of No. 14 “center-tap’ must be taken
at the mid-point of all plate coils in the 2AJ

tuge,

2 DCS wire,
1. dimineter -

For 40 meter operation, using an S meter
cerystal in the oscillator,

Oscillator Coil—27 turns of No, 22 DSC wire,
<lightly space wound on a 1% diameter o-
prong coil form.

Doubler Coil—13 turns of No, 16 enameled
tor DCCY wire, space wound, on a 1'z-in, diam-
vter s-prong coil form.

Plate Coil for 2A3 Stage—I@ither a 13 turn
<oil, No. 14 enameled (or DUCCH) wire, space
wound on i 1l-in. diameter form, center-
tapped, or a large copper-wire-wound coil 23;-
in. dinmeter (as shown in photo), with 16 turns
 No. 1t enameled wire, spaced ly-inch be- .
tween turns, and center-tappod. Jones Exciter and power supply on relay-rack.
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C.W. Transmitter for

in parallel, thus giving a total capacity of

. 70 uufd., The grids of the 210 tubes are
One-Band Opera‘hon driven with approximately 20 ma. from
A very low-cost C.W. trangmitter hav- th?“o:sﬂll‘altu.l".l_" d o Om (0 210
ing an output of 80 watts for operation on 00 OAGGIIPATS  EEEIEE? (i K3 &
one-band is diagrammed herewith stage is a 35 uufd. double-spaced midget
General EDetails- The oscillator i)late i variable, The tinal plate tuning condenser
cuit is tnned by a standard two-section, TS,
25 uufd. per section double-spaced midget L4 A
condenser: the two scctions are connected 2105 @ ANT
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e __L L1—0scillator Coil
A L2—Grid Coil

L3—Final Amplifier Plate Coil
L4—Antenna Coupling Cail

Here is the complete circuit diagram of the crystal oscillator, link coupling system, 210 final

amplifier, Zepp antenna feeder coupling and tuning system, and the simplified power supply unit

which operates the entire transmitter. “The telegraph key is in the primary circuit of the high
voltage transformer.

This illustration clearly shows how the various components are arranged on the

base-board.
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enameled wire, space wound, 6 turns to the
inch on a fornm 23 inches in diameter.
The 80 meter flnal plate coil has 34 turns
of No. 14 enameled wire, 9 turns to the
inch, on a form 2% inches in diameter.

The oscillator plate coil, for 40 meter op-
eration, has 20 turns of No. 18 enameled
wire, slightly space wound, on a standard
1%-inch diameter plug-in coil form. The
%¥0 meter coil has 33 turns of No. 18 DSC
or DCC wire, close wound.

The grid coil, for 40 meter operation, has
22 turns of No. 18 enameled wire, slightly
space wound, on a 1%-inch diameter plug-in
coil form. I‘or 80 meter operation, the grid
coil has 33 turns of No. 18 DSC or DCC
wire, close wound.

The 210 amplifier and its link coupled antenna
coil with feeder tuning condenser.

(Cl in the circuit diagram) is the same as
the condenser in the oscillator plate circuit.
The 210 amplifier can be keyed by plugging
into the jack in the filament center-tap
circuit.

Condenser C2 has a 2,500-volt rating and
is of the mica type. All other fixed con-

densers have 1,000-volt rating and are also i
of the mica variety.

|
|

210s or 80ls in parallel can be driven by a
Coils: For 40-meter operation, the final 53 or bAé push-pull oscillator, shown in the
plate coil is wound with 16 turns of No. 14 circuit below.

Ay
L T 18

i
Y

Ll

20,000

40w

Coil winding data for LI is identical to that
shown for the single 53-6Ab oscillator described
on page 118,
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Modern all-band Jones Exciter, 2A3 doubler and 210 {or 801) final amplifier. 20 meter coils

are shown in the picture. The final amplifier can be operated on 10 meters as a regenerative

doubler by merely increasing the capacity of the neutralizing condenser and increasing the
value of the final amplifier tube bias resistor to 25,000 ohms.

53-2A3-210 Multi-Band Transmitter: The
illustration shows a mmadern, highly eflicient
and compact three tube r-f unit which in-
corporates all of the best features of pres-
ent-day amateur design. Two-band opera-
tion can be had from a single crystal by
the mere throw of the S-P-D-T switch
which connhects either the oscillator plate
¢onil or the dnubler plate coil to the grid
cireuit of the *A3 buffer stage. This par-
ticular transmitter uses a 40 meter crystal
nsceillator, 20 meter doubler, 20 meter 2A3
grid coil and a 20 or 10 meter final ampli-
fier plate coil. Link ecoupling is used be-

Jones exciren s 3 N BUFFER

L @

DOUBLER
20A 23,000

we 2 a3 33
d

tween the 2A3 buffer and the grid of the
final amplifier. The coupling loop on L3
has 2 turns, wound around the center of
the coil. The other loop on I.4 also has 2
turns, wound around the bottom of the
final grid coil. 20 milliamperes of grid
cuarrent is supplied to the 210, The final
amplifier can be keyed by connecting the
key in the filament center-tap circuit, or
pritnary keying can be used if desired. All
fixed condensers shown in the circuit dia-
gram should be of the 1000 volt mica type,
except for the cathode by-pass which can
be o 600y paper condenser,

+
350 -400Vv

L1, L2, L3 and L4 have the same winding turns as the coils shown in the table on page |18.
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90-Watt CW Transmitter: A splendid CW
breadboard-type transmitter capable of de-
veloping it $0-watt RIC output on 20-meters
and approximately 100-watts on 40-meters
is described in the subsequent text with

reference to the wiring diagram of Figures
1 and 2.

1
I
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Technical Notes: A
schematic will reveal
to other transmitting
described; therefore, to
only the salient points
upou.

little study of the
that it is similar
cireuits  previously
avoid repetition
will he touched
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condenser must be set for proper neutra-
lization, but when the stage functions as a
doubler, the capacity must be increased
to almost twice that required for neutral-
ization. In this case, the plate current
drops from 110 MA to 765 MA, and more
arid current is ohtained into the final stage

8000 401 on 20)

~.-
|\—1
0000

-
3

1]
k200

/= ANT

-
s

NC SwiTom

FIG. I|. Grid-neutralized final amplifier.

when the larger capacity is in the cirenit.
Too much capicity will cause oscillation, but
the amount of capacity required will de-
pend upon the value of the grid tuning con-
denser capacity and plate circuit loading.

All tuning condensers, except the an-
tennat condenser and the two oscillator
midget condensers, are double-spaced mid-
gets,  The antenna condenser is an old BC1,

tuning condenser ot about 550 uufd, [If a
Zepp antenna is used this condenser should
hive @ maximum eapacity of approxinutely
500 uuftd.

Antenna tuning: The tinal amplifier plate
cireuit is tuned and the antenna is matcehed
in the same manncer, as described on page

21 for the “portable relay-rack transmitter
and receiver,”  In oaddition, a twisted-pair

20h

3

i a00 ow 400 002
Ow o “ow l
l 0 e = |

L _JJE., 1 . L

«750

= +400
FIG. 2. Plate-neutralized circuit for 20-meter transmitter. The fixed condenser connected from
the low voltage B to ground should have a capacity of 0.1 mid.
The buffer stave can be  capacitively feeder can be coupled to the plate  coil

coupled with the 00005 infd. grid coupling

condenser as shown or by one having a
value of 0001, When the huffer is used
for o straight amplitier, the neutralizing

with from 1 to 3 turns wound around the
comdenser end of the coil.

Power Supply: A sepirate 100-volt power
supply is needed for the crystal oscillator,
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Medium Power Transmitter

Breadboard layout for

and i % or 950-volt center-tapped power
transformer with choke input will suflice
for this purpose., The high voltage supply
consists  of a  1600-volt 250-MA center-
tapped power transformer, two type 80
tubes and a choke input filter with 3 8-mfa,
electrolytic condensers connected in series
at the output,

Tests: 1f the constants of the eireuit
have been rigidly adhered to, the follow-
ing readings will he obtained: With a 410-

volt plate supplv the cathode current of
the oscillitor-doubler will be 60 MA., The
buffer grid current about N MA, and the
final  amplifier at approximately 30 MA,
depending upon the antenna toad. The 10-
doubler plate current will be 73 MA and

the final amplifier plate current 180 MA on

20-meters, with amtenna load providing the

plate voltage on these two stages is 700

volts,
The coil data for the circuit of Fig. 1 is

as follows:

80 meter oscillator 53—32 t No. 18 E, close-
wound, 1l3-in. diameter.

40 meter doubler 53—19 t No. 18 E, spaced
to cover 2 in. on 1l3-in. diameter form.

40 meter amplifier 10—28 t No. 18 ¢, close-
wound, 114-in, diam. C.T.

20 meter doubler 10—14 t No. 18 ¢, spaced
to cover 13;-in. C.T.

40 meter final grid—22 t No. 18 c, close-
wound, 1l4-in. C.T.

20 meter final grid—10 t No. 18,
wound, 1l-in. C.T.

40 meter final plate—11 t No. 14 E, 23;-
in. diam., 215-in. long.

20 meter final plate—5 t No. 14 E, 254-in.
diam., 2-in. long.

(E denotes Enameled wire, ¢ denotes cot-
ton-covered wire.)

close-

Portable Relay-Rack Transmitter and
Receiver: A simple transmitter and re-
ceiver that can be carried and set up in
practically any loeale is prized by many
amateurs, lere is a to 30-watt trans-
mitter of modern design and a receiver of
the Super-Gainer type. Most of the de-
tails and design specifications have been
previously dixcussed: however, the follow-

20-meter transmitter.

ing pointers will be of aid to the con-
structor, and reference should be made to
the accompanying diagram.

Technical Notes: The 53 oscillutor plate
eoil is split so that it ean be used ax a
neutralizing  systemn for the 2A3 by con-
necting the neutralizing condenser from the

2A3 plate bhaek to the coil end opposite
the grid eonnection,  The antenna may be
coupled inductively to the 2AN plate coil

it desired.  This coil, L., is rather critical
for the number of turns, depending upon
the ratio of the two tuning capacities and
antennic impedanee, A satistfactory ar-
rangement is to take taps about every 4

or 5 turns on lg and short-cirenit the un-
used turns with a short lead. The eoil
can bhe of the plug-in type because the
shorting wire would he hetween taps.

with  Super.
deck.

Portable relay-rack transmitter
Gainer receiver on lower



AAA The

124

"RADIO" Handbook

AAA

' 0001 2A3
0014
3,000 SHORTED  TURNS
100 2w -
La = = 160A 0® B0 A
T ou;I Ioo« o oPLuG- w
. }/ T
2% ——=— XMTNG ANT
TNT COIlL > l
or xTL 400
%’ Tow | B
=0 tosc
TR L—D
II&‘_:E‘“,M 20m - 200w
— +378

v \|a>_—_‘—_ Wﬁ——%

HSVAC —:_ZST,,M
II' -
'VSMA J 83\/
.cv.
Antenna tuning: (1) The antenna 350

uufd. tuning condenser is set between the
setting and that which would

maximum
correspond to 150 uufd, (2), the plate
tuning condenser is adjusted for resonance.

In order for an antenna of some given
length to properly load the 2A3 amplifier,
it is required that the two tuning capaci-
ties be adjusted to the proper ratio. With
certain antennas, the coil turns in I, must
he changed to obtain the necessary effect.
This antenna matching system works best
with a single wire feeder to a Hertz half
or full-wave antenna.

The transmitter develops from 25 to 30-
watts RI® when the plate supply is ap-
proximately 400-volts, 100 MA to the 2A3.
The 53 oscillator draws from 50 to 756 MA
of cathode current and sufficiently excites
the 2A2 for good class C operation.

23000 ~ 10w

TNT or crystal controlled 25.30

watt portable transmitter with 53

push-pull oscillator and 2A3 final
amplifier.

Notes On Operating
20-Meter Transmitters

Tubes: Transmitters which employ type
50T tubes in the final amplifier are more
difficult to drive than a 211D for the same
output at medium wavelengths., A 50T has
a maximum plate dissipation of 75 watts
as against 100 watts for a 211D; therefore,
a 50T must operate at higher efficiency in
order to obtain the same output. Any tube
which operates into a high load impedance
with high plate voltage requires more grid
excitation, unless its mutual conductance
is extremely high. A tube operating into
a moderate low impedance with moderate
plate voltage requires less grid excitation.
At 20 meters, the required grid excitation
for a 50T or 211D are about equal for
phone operation, but the low-C tube (507T)

Another method of construction for a 210 transmitter with 6Aé push-pull oscillator.
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is easier to neutralize, which is a very or 211D is quite different, being several
important feature for phone operated times as high with the low-C tube. This
transmitters. This applies especially to means that less C is needed in a tank cir-
final amplifiers working with a single tube cuit in order to maintain a “Q” of 10, for
on 20 meters. example, in the final tank circuit. Appar-
ently the shift from C\W to phone is more
Antenna Loading: Fur phone, the antenna nearly an identical antenna load because
load does not have to be reduced as much the C of the tuncd circuit was the same
from CW operation as when a 211D tube for both tubes. The 211D can be loaded
is used. The plate impedance under nor- more heavily for C\V operation, although
mal operating conditions for either a 50T with less efliciency.

The complete 150 watt cw 20-meter transmitter and antenna coupler. The circuit diagram is
shown below. A 40-meter crystal is used in the Jones Exciter Unit, capacitively coupled to an
801 buffer which drives the 50T in the final amplifier.

.||I-—J\/\.°/\'/\/\.—_-L ——
a0 T"“"
T — L less ... 8ot
> e ‘““.J_—f.i__ 7'_]2 b: "‘_é:: 7"’*_!)__20.
2 ig.-c %0 : ML
7 e RAPE = L
a5 B UE L HHH S
= = %ﬂ s | —1
fves = o=
—_— *‘4‘ ' _-_,‘::J] _gnl
‘ [
[ AN |
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FIG. 1
COIL DATA FOR 20 METER OPERATION
Final Plate T_a_nL Final Grid Coil Buffer Plate Doubler Osc.

10 turns No. 10 E. 11 turns No. 16 E. | turns No. 16 E. 9 turns No. 16 E. 20 turns No. I8 E.
3l-in. _dia. 3-in. I5-in. dia. 13-in. 1Vy-in. dia. |3-in. 11/5-in. dia. 13%-in. 1/5-in. dia. 1%-in.
long. C.T. long. long. C.T. long. llong.

World Radio Histo



126 A AA

The "RADIO" Handbook

AAA

Unity Coupled Jones Exciter, 1936 Model:
L.ate technical improvements on the .Jones
53-Kxciter which, in the new desizn, in-
corporates three type-53 tubes gives more
output per tube with less crystal heating
than any of the other devcelopments here-
tofore described. Some  of the salient
points of the new circuit are: The RI® out-
put is obtained on any three consecutive
bands without coil changes or switching.
Series  link-coupling feeds the output to
the external buffer tuned-grid coil.  The
grid tuning determines which frequeney is
absorbed from the exciter unit by the buf-

fer stage.  And lastly, the output js suf-
ficient to drive an S01, 210, RKI18 or 2\,
or 803 on any wavceband from 10 to 160-

meters,

——

will show that the two frequency-doubler
stages have the grids in push-pull and the
plates in parallel.  This zives the plate
tauk an RF power surge each eycele instead

of every other eyele as in most doubler
circuits  (for further detail see  sub-
topic  "Doubler Cirenit  Consideration™).

The efticieney ot a push-push doubler cir-
cnit is higher than in other circuits with
the result that excellent output is obtained
even on l0-meters from a 40-meter crystal
In the exciter circuit shown, two crystals
and a total of seven coils will cover five
amitenr bands.,

Design Specifications: The unit is Dbuilt

on a4 10 x 17 x 2%-inch netal chassis
mounted behind a 19 X 8% -inch relay-rack

- =

-

“3.53" 1936 Jones Exciter, 160 meters to 10 meters. The power supply, mounted on the Exciter
chassis, makes this a complete and independent driving unit for a buffer-amplifier stage.

Technical Details: Three type-53 or 6AG
tubes act as push-push  doublers nud  a
push-pull erystal oscillator; the latter, with
cathotte resistor grid-bias and the push-pull
or series connection places very slight me-
chanical strain on the crystal,  The crystal

RI® current is not much higher than that
in a pentode cireuit but the plate output

power is two to four times greater than
from a pentode tube operating at the same
plate voltage,  The push-pull erystal  os-
cillator delivers nearly twice as much out-
put on the fundamental frequencey of the
crystal than can be obtained from a 53
as an oscillator-doubler in its usual form.

RReterence to the accompanying circuit

panel, A built-in power supply completes
thix unit and renders the assembly adapt-
able to further additions of power stages
without altering the exciter unit, A 12 x 3
x 4 -ineh bakelite or "masonite’” sub-panel
supports the three midget tuning condens-
ers which are near the coil and tube soek-

ets, These condensers are  connected
through insulated couplings to the front
panel tuning dials, The arrangement of
the tube and coil sockets permits very
short arid and plate leads.  Since cach
stage operates on an octave higher fre-

(uency, no shiclding is required, The power
units e remotely mounted from the RIP
units =0 as te preclude the possibility of
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encountering  hum  problems.
Only one filter-choke is shown,
hence, it must be well designed
and efficient,

The link-coupling  circuits
are wired in series, each has
two turns around the center of
each plug-in coil,  These two-
turn coils are large enough so
that the plug-in coil-forms it
through them into the isolan-
tite coil sockets, The links are
subported on stand-off insula-
tors and the output terminates
on another pair of  through-
tyvpe insulators at the rear of
the chassis,

The doubler grid-cireunits are
connected to interwound  grid
coils which are closely coupled
to the plate tuned-circuits, As
can  bhe  seen  from  the coil
tables, only enough grid turns
are wound on cach coil to drive
the push-pull  gzrids  at  the
proper  frequency, Too nuny
turns will cause excessive re-
generittion aut the doubler
plate-circuit frequencey with
self-oscillation.  This is due to
inductive reactance in the grid
circunits and, when not exces-
sive, improves the doubler efli-
cieney and output,

Ciathode resistors and arid-
leaks combine 1o give hivh
grid-bias to the doubler grid
eirceuit Cathode bias only on
the eryvstal stage has the offe-t
of keeping the erystal REF cur-
rent low  for relatively high
power output,

An open-circuit plug in any
cathode vircuit, automatically
cuts that and the succeeding
stages out of the circuit. This
allows about 1o to 15 per eent

4 1000V MF TYPE

JONES EXCITER, 1936 MODE L

160 METERS TO 10 METERS
Coil winding chart is on page 128,
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#reater output from the stage which is
actually driving the external buffer. The
cathode current varies from 350 to 75 MA
per stage depending upon plate voltage and
RYF load. Resonance in each doubler stage
is indicated by a sharp decrease in cathode
current of from 20 to 50 MA, providing the
preceding stage is in resonance. (Note: a
single turn of wire connected in series with
a flashlight lamp will function as a reso-
nator indicating device when coupled to
the stage under test.)

The power supply has two switches, one
for the mains control and the other to
apbly plate voltage after the 53 or 6A6
tube heaters have attained their normal
operating temperatures, The DC plate po-
tential should be betwcen 375 and 425 volts:
higher voltages will give greater output
providing the cathode current per tube does
not exceed 75 or 80 MA.

The greatest output from the oscillator
stage occurs at the maximum condenser
setting just before the stage drops out of
oscillation, or near that setting. Gener-

ally, for stability, in keying the crystal
stage, this oscillator condenser has to bhe

set back a dial degree or two towards less
capacity and higher cathode current. The
cathode current in any stage should not
be over 20 to 30 MA when the crystal is not
oscillating, and between 50 to 75 MA when
the stage is oscillating.

Tests made with an 801 or 10 buffer stage

gave a grid DC current of 16 MA on 10-
meters: 18 to 20 MA on 20-meters; 22 to

24 MA on 40-meters; and 22 MA on 80-
meters. This was through a 10,000-ohm
grid leak and without plate voltage on the
buffer stage. A two-turn closely coupled
link-coil was necessary on the buffer tuned-
grid coil. These readings were obtained
with 400 volts plate supply on the exciter,

COIL WINDING CHART FOR JONES 3-53 (1936) EXCITER
All Coils Are Wound on Standard 114;” Diameter Coil Forms

For
160 Meter
Crystal:

Oscillator Coil has 60 turns of No. 24 DSC, with center-tap. First doubler grid coil
has 80 turns of No. 24 DSC, with center-tap, wound over oscillator coil with a
layer of celluloid to separate the coils.

First doubler plate coil (80 meters) has 40 turns of No. 24 DSC, center-tapped and
space wound. Second doubler grid coil has 30 turns of No. 24 DSC, with center-tap,
interwound with first doubler plate coil. Interwindings begin at center-taps and
wind outward toward the ends of the coils.
Second doubler plate coil (40 meters) has 20 turns of No. 18 Enameled, wound to
cover 1347 of space.

For
80 Meter
Crystal:

Oscillator uses the 80 meter doubler coil described above. First doubler plate coil
(40 meters) has 20 turns of No.20 DSC, center-tapped and wound to cover 1°z" of
space. Second doubler grid coil has 14 turns with center-tap, wound with No. 20
DSC wire. This winding is interwound with the plate coil, starting the center-taps
together and then winding outward towards the ends of the coil.

Second doubler plate coil (20 meters) has 9 turns of No. 18 Enameled, wound to
cover a space of 1!4-in.

For
40 Meter
Crystal:

Oscillator uses same plate coil as described for first doubler coil when using 80
meter crystal. First doubler plate coil (20 meters) has 10 turns of No. 20 DSC
with center-tap. Second doubler grid coil has 10 turns with center-tap, interwound
with the plate coil. The total coil length is 1%s-in. Second doubler plate coil (10
meters) has 6 turns of No. 18 Enameled, wound to cover a space of 1!4-in.

For 80 meter operation, either a 160 or 80 meter crystal can be used. For 40 meter operation, a 160, 80
or 40 meter crystal can be used. qu 20 meters, an 80 or 40 meter crystal can be used.
crystal is needed for 10 meter operation.

A 40 meter
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500 Watt C-W Transmitter: This trans-
miitter is straightforward in circuit design
and is laid out in breadboard fashion. It
will put out a 500 watt C\W signal in the
40 meter band when used with a suitable
vower supply. Breadboard construction
=implifies the work of building such a set
and tends to give higher efficiency than a
set built into a metal frame or cabinet.

The oscillator uses a 6A6 twin triode tube
with one section oscillating on 80 meters
and the other section doubling to 40 meters.

With 100 volts on the 6A6, sufticient out-
2000 1.5 ohis
N =

Power supply for !/, k-w transmitter.

13,000 mec

put is obtained on the second harmonic to
drive a pair of type 10 tubes to approxi-
mately class C operation as a buffer stage.
The latter provides more than ample out-
put to drive the pair of 211 tubes in the
final amplifier.

COIL TABLE
Final Amp. Plate
Meters
40—16 turns No. 10 E. 3!4” d., 54" long.CT
20— 8 turns No. 10 E. 3!4” d., 5!4” long. CT

Final Amp. Grid and Buffer / Amp. Plate
Meters
40—15 turns No. 16 E. 2'/4” I3/4" long. CT
20—9 1/3 turns 16 E. 11457 d., 114" long. cr
Buffer Amp. Grid and Doubler Plate
Meters
40—22 turns No. I8 E. 114" d

.« 134" long. CT
20—10 turns No. I8 E. 115" d 1%" long. CT

Osc. Coil for 40 & 20 Meter Operation
Meters
80—31 turns No. 18 E. closewound, 11" d.
40—22 tutns No. 18 E. 114”7 d., 13" Tong.
{E denotes enameled wire. d denotes
diameter of coil.)
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Breadboard construction of the I/, k-w transmitter with a pair of 211 tubes in the final.
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High Power Transmitter Construetion: 'I'hose
who do not dexire to use relay-rack construc-
tion will find sonie suggestions in the wood
cabinet styles here pictured. The illustration
to the right shows the HIF-200 or HI°-300 triode
in a high-power amplitier, the e¢ntire unit
mounted on a framework 18-in. long, 11-in.
wide and 4-in. high. The prid coil and tuning
condenser are at the extreme left. shiclded frot
the plate circuit with a sheet of heavy alunii-
num. The tinal tank coil is mounted hirh on
stand-offs, fitted with plug-in jacks, A low
capacity, wide-spaced ncutralizing condenser is
also  shown. The antenna  coupler is  link
coupled to the final plate tank coil with a twao
or three turn loop around the center of tank
coil.

The illustration below (center) shows a some
what unconventional dexi { it complete r-f
amplitier with Jones Kxciter, push-push doubler
and a 211 in the final stage, The panels are
of white bakelite. the wood framework painted
black. Fach stage is widely spaced from the
other =o that no interaction between coils can
take place. Push-through insulators support
the final tank coil. The design for thix r-f

A
Q .

amplifier was copied from one of
the early BBl receivers,

The illustrations at the foot of
the page show two views of a
buffer stage ar tinal amplifier for
a standard 211 or 203A tube. ‘The
mounting arrangement for the
final tank condenser, neutralizing
condenser and tank coil is ideal.
Short. direct leads ecan bhe made
to the vital parts of the circuit
and the arrangement lends itself
admirably to the use of tubes
which have plate lead at the top.

The grid coil and condenser is
well separated from the plate cir-
cuit. The coupling link is con-
nected to standoff insulators di-
rectly behind the grid coil.  The
imounting cabinet ix 18 in, long,
11-in. wide and I-in. high. Small
resistors and  condensers are
mounted under the baseboard. A
0-50 MA d-¢ milliammeter reiuls
grid current. and a 0-300 MA d-c
milliamineter reads pliate current.
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500 Watt Plate Neutralized Amplifier with Amperex HF-300 Tube.

H-F300 Amplifier: Here is a high
power amplifier that puts out a car-
rier of over 600 watts on 20 meters,
using a single Amperex HI'300 tube.
This amplifier can be driven by the
20 meter transmitter described on
page 121,

The HI300 is designed to operate
with plate currents up to 275 MA at
voltages between 2000 and 3000.
The filament takes 4 amperes at be-
tween 11 and 12 volts and the plate
dissipation is rated at 200 watts. Its
mu is 23, and its mutual conductance
is rated at 5600. The plate-to-grid
capacity is 6.5 uufd., the plate-to-
filament capacity 1.4, and the grid-to-
filament capacity is 6 uufd,

FFrom this data it can be seen that
twice cut-off bias at 2700 volt plate
supply would be 235 volts. Bias is
easily obtained with a 10,000 ohm
leak, and fairly easy to obtain with
a 5000 ohm grid leak using a 50T as a
driver with 140 watts input. The DC grid
current under load runs between 35 and
60 MA for grid-leak values of from 10,000
to 5000 ohms with various degrees of an-
tenna loading.

For CW operation the power gain of this
stage runs between 7 and 12, depending
upon the allowable output and plate dissi-
pation. A power gain of 9 is about as
high as ean be figured for an output of
around 600 watts on 20 meters. For phone
operation the grid excitation must be

——
T
40,000 —

HF 300

f

C -

HF-300 Amplifier Circuit.

»
higher, but the plate load is lower, conse-
quently a power gain of around 4 to 6 can
still be figured on. These figures seem to
he fairly high for operation at this fre-

quency.
IFFor CW operation a 53-45 exciter driving
a pair of 10s or 801s will provide sufficient

grid excitation to the HF300. The buffer
stage should be operated with approxi-
mately 700 volts on the plate. ITor phone

operation a 50T or 211D or H tube is rec-
ommended. The modulator should supply
about 400 watts of audio power.
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Interlock Crystal Control

By interlocking a crystal-controlled ®s-
cillator to an oscillating final ampliflep it
synchronizes the trequency of the latter
and imparts to it a frequency stability de-
pending upon the operating parameters of
the crystal control. The proper condition
of interlock is noted by monitoring the
signal tone—pureness of note indicating
correct interlock.

Detafls;: By using the second harmonic
of the crystal oscillator, shown in the cir-
cuit diagram, sufficient interlock is ob-
tained without fracturing the crystal. Op-
eration on the fundamental requires care-
ful adjustment of coupling between the
oscillator in order to prevent too much
feed-back into the grid of the 47 tube, re-

has the further advantage ot allowing oD-
eration on 20 wmeters with a 40-meter
crystal.

The .1§#Y ®ircuit is tuned up as an oscil-
lator with enough feed-back through 25
uufd. condenser to allow moderate-to-weak
self-oscillation. The larger oscillator plate
tank-condenser is tuned to the point at
which its frequency falls into step with
that of the crystal oscillator's second har-
monic. The condition of synchronism will
cause the plate current of control oscillator
and grid current of the power tubes to in-
Crease.

Interlock control is not advised for gen-
eral use due to difficulties arising in the
maintenance of synchronism. The system
will, however, improve the CW note of a
modern or relatively high-powered oscil-

sulting in a fractured crystal., Doubling lator.
Interlock Crystal Control Transmitter. The home-built high-power final tank con-
denser is at the right. The constructional details for building this condenser
are told elsewhere in this chapter.
150Ts
47 GB e
0
o AFC " Cz
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"LT R, Tes
R3a -
i} ReC 7]
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= [ = 0-200 L o
R1—40,000, 1 watt : ICS? 3 7
R2— 5,000, 10 watt ¥ T A
R3—10,000, 10 watt + 500 Ca
R4—20,000, 10 watt
C1—70 mmf. + 2200
C2—30 mmf. 13.000 v.
C3—45 mmf. 10,000 v. R o A g
Co_25 mmE 10000 v, Complete circuit diagram of Interlock unit.
C5—.002, 2.500 v.
C6—.002, 5.000 v.
C7—.01 mica.
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The giant EIMAC 300T triode in a super-power r-f amplifier. Grid and
plate coils for all.band operation are pictured.
amplifier proper are for 10-meter operation.

The coils in the
The circuit diagram is

on the facing page.

High Power CW Amplifier: Jore than
800-watts output can be obtaincd from this
amplifier which has ample capacity of
handling inputs as high as 1 KW in the 10
to 80-meter CW amateur wavebands, in
general, the capacity of the final tank tun-
ing condenser is insufficient for phone op-
eration on wavelengths above 20-meters,
and would probably flash-over on plate
modnlation peaks., However, with grid mod-
nlation the amplifiecr functions splendidly
on 10 and 20-meters,

Technical Notes: The filament trans-
former for the 3007 Kimae tube is mounted
near the tube socket in order to minimize
voltage drop in the filament leads,

Plng-in coils are satisfactory since low-C
circuits produce low values of circulating
current.  The plate tuning condenser is
rated at 9000-volts per scction. The latter
has its rotor by-passed to ground if in the
event of an III° arc is formed, the choke
will not collapse due to i short cirenit on
the DC power supply.  The capacity of the
two-section S0uufd, split-stator
mnst be inereased by the addition of two
aluminum plates connected to the stitors
=0 that a standard heavy wire-wonnd coil
¢cin be used, This added capacity consisis

condenser

of two plate spaced 2jths-inch apart and
overlapped by 1% x 3-inches, The tube
capacity is of sucht a minimum value (ex-
cellent for 10-meter operation) that its
shunt capacitive effect is insnfficient to
allow the regular coils to cover thc ama-
teur bands,

The plate coil

stand-off insulators are

mounted on small richt-angle brackets
above the tuning condenser. Front and

rear supports on the condenser assure the
rigidity of the assembly., The fixed plate
of the nentralizing condenser is 214 x 415~ .
inches and is fastened directly to the stator
ot the tuning condenser. The rotor plate
is % X 4'2-inehes, separated ahbout diths-
inch at neutralization, It is mounted on a

standoff insulator with a large size coil-
jick and plug for a rotor bearing, The

is 11 x 16 x 3{ths-inches and
the front panel is a piece of ‘“masonite?
12 x 16 x J.th-inches, painted black (laruer
dimensions are discretional).

Miscellaneons Tests: Tests indicate that
a2 10,000-0ohm  grid-leak produces suflicient
arid-bias when 25 to 30 MA is flowiny
through it at a plate potential of 1600-
volts., At 2000-volts the grid current
should he about 40 MA,  And at 3500-volts

bhasehoard
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it will be approximately 50 JMA. These
values are correct for CW operation at
high etficiency on any of the bands. A

bank of 100-watt lamps was used as a
dummy antenna and grid currents below
the aforementioned values show a dcecrease
of power output. Higher values give no
indication of increased power output., .A\s
a regenerative frequency doubler, T00-watts
was obtained on 20-mcters when the grid
current attained the value of 35 JMA
through a 25,000-ohm grid-leak at a plate
potential of 2900 volts. The plate current,
during this test, increased to about 340
M.A showing an efficieney of 70%. 1In the
original sect-up, the neutralizing condenser
had plate with twiee as mueh area and so
gave regeneration and high efficiency to
the doubler whose coil center-tap was con-
nected to the rotor,

Tests with grid modulation indicated a
carrier output of between 150 and 200-
watts with a 3000-volt power supply. &
fixed eut-off bias of 175 volts and a eathode
biasing resistor of 1000-ohms formed the
grid-bias for high-eflieiency grid modula-
tion. The plate slightly colored (cherry-
red-—which is normal at 300-watts dissipi-
tion) and the DC grid eurrent had a value

from 0 to 2 MA. A type-10 Jdoubler has
sufliecient output on 10-meters to excite
this amplifier for grid modulation with

part of the input power dissipated in a
40-watt mazda lamp, the latter aeting as a
arid stabilizing resistor. The grid coil was
link-coupled to the lamp as well as to the
buffer stage.

For CW operation a pair of 801's eon-
nected in push-pull will deliver the neces-
sary grid excitation., T.arger driver tubes
will give a certiin amount of excess exci-
tation. However, 800-watts output may be
obtained with 1000-watts input, using a
pair of 10°s or R0l's as drivers with less
than 700-volts plate supply.

Copper-Wire Tank Coils:

Tank coils for
be wound on receiving-type plug-in coil
forms, providing that they are made of
ceramic or Isolantite insulating materials.
For high-powered stages, research with
various types ol tank eoils definitely indi-
cates that a tank coil wound with copper

low power stages may

Typical copper-wire coils for final amplifiers.

The home huilder can tuxe a siocx or

‘{,‘;“dm"a':i:a”“a‘a'm“‘d‘::"; nraomes iz o //.3
form as shown in the
accompanying  illustra-
tion. First, a layer of
string is wound on the
round wood form. Then
a few layers of wax
paper are wrapped over
the string winding.
Celluloid strips are
then nplaced at four
equidistant places. The

oRILL
COUNTERSINK

—
— CUT ON SLANT

— THEN BOLT TOGETHER & "TuRN"
ROUNO ON LATHE TO

DESIRED OIAMETER

copper wire is wound
tightly on the form,
space-wound hy inter- - AFTER coOIL
winding a piece of IS WOUND & ORIEQ

UNBOLT & SLIOE

heavy twine with the THE TwO SECTIONS OUT

wire  The spacing
twine is then removed.
The wire is secured
to the celluloid strips by means of collodion, airplane
*'dope,” or Duco household cement. The job is then laid
aside to dry. Unravel the layer of twine hetween the wood
form and the wax paper and the finished coil can he
easily removed from the form.

O L L L T A A L

wire (size No. 10 to No, 14, depending upon
the power) and supported by three or four
narrow strips of thick celluloid fixed to the
coil turns with eollodion, or its equiva-
lent, has the lowest losses. When properly
built, this eoil is quite rigid mechanically.
I'urthermore, it has the absolute minimum
of di-electrie in the fietd of the coil. The
length ot the coil should be about one and
one-half times its diameter, and turns
should be spaced more than the diameter
of the wire. The proper mounting for the
coil is about one diameter away from its
associated tuning condenser.
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Neutralizing Condensers: The interlec-
trode electrode capacity of a vacuum tube
determines the value of condenser capacity
needed to neutralize a transmitter circuit.
Tube interelectrode capacities vary from 2
to 15, The higher this capacity, the greater
will be the value of the capacitor required
to neutralize the circuit.

The capacity of the neutralizing con-
denser can be determined from the formula:

where | ix the area in square inches of the
interleaved plates ot the neutralizing con-
denser, multiplicd by the number of air-
spaces; d. 18 the distance in inches between
adjacent plates; C, the capacity in micro-
farads.

IFor example, a condenser suitable for
neutralizing a «=ingle 211 tube will have
two plates, each 4 inches square, and spaced
about % in. apart. These plates can be
securcd to stand-off insulators in such a
manner that the movable plate can be ro-
tated through a d4H-degree arc. Transmit-
ting coil plug-in pins and jack make a good
bearing arrangement for the rotor plate.

For the low-C tube, such as the 300T,
150T, 351, etc., the size of the neutralizing
condenser plates would be approximately 3
inches square, spaced Y% in, apart. The
corners and cdges ot the plates should be
rounded and polished. The plate arca xizes
given here are those which actually over-
lap.

For voltages up to 1500, space the plates
11 in.; up to 2500 volts, Y in.: up to 5000
volts, 1 in,

Home-built high-power plate condenser.

Economical High-Power Transmitting
Condensers: Applying the above formula,
condensers ¢an be built that will give entire
satisfaction in high-power transmitters.

Referring to the accompanying photo-
graphs, it will be seen that the moving
plates of the condenser are raised or low-
ered by means of a picce of dial silk-oil
string, winding over a 14 inch brass rod
which is rotated by means of a knob. The
brass rod is held in place by means of a
pair of aluminum brackets, A long ma-
chine screw is run through these brackets,
parallel to the rod. The latter provides an
adjustable tension of the two end mounting
plates against the end bearings on the brass
rod, These end bearings can be a pair of
washers between the two knobs, one on each
end of the brass rod.

The rotor plates are
head machine serews to a
which is hinged to the main vertical
mounting panel. The back plate on the
split-stator condenser is a picce of No, 12
gauge aluminum, 7% in, x 4 in., with a
pair of hinges at one end. The vertical
mounting strip is a piece of 4% in. X 12 in,
X % in. tempered “masonite” of ‘celotex”
board.  Dakelite or % in. wood will give
cven better rigidity.

The smaller condenser is made similar to
its counterpart., the dimensions, of course,
bheing proportionally made,

The large condenser plates are made by
bending them on a sheet-metal brake, The
plates are pieces of No, 11 gauge aluminum,
5 in. x 12 in, and then "1 shaped into
pieces 5% in., X 5 i, with 1 in. end sec-
tion. These pieces are first cut to size and
1 in. holes are then drilled in the center
for stand-off insulator mountings, All edges
and corners are rounded off on an emery
wheel and then polished on a hufling wheel.
The rotor plates are mounted =0 as to clear
the ends of the stator plates when fully
enmeshed by about 3%th in. in order to give
1% in. clearance to the nuts holding the
stator plates to the stand-off insulator ma-
chine screws.

The smaller

mounted with ftlat-
back plate

condenser has a stator sec-
tion made from a piece of No. 14 gauge
aluminum, 7 in, X 3 in,, to form xides 3 in.
X 3 in. with a 1 in. end portion. The rotor
ix made of a piece of 8 in, x 2% in. alumi-
num to give plates 312 in, x 2% in. with a
1 in. end portion. The sections overlap an
area 3 in. X 2% in.  1f more ecapacity is
desirable larger plates can be used.

Cutting Aluminum: Short-cut methods
simplify the working of aluminum, hence.
when cutting a piece of sheet aluminum,
first, iay a T-square, or other flat rule on
the metal. With the aid of an awl, cut
i deep groove into the material, Continue
to souge this groove (on both sides of the
metal) until a small channel having a depth
about halt the thickness of the metal is
obtained. Next, place the prepared sheet
on a flat-top table with the channel at the
edge of the table. Bend the over-lapping
end  back-and-forth until the sheet sepa-
rates,  Or, the sheet may be placed into a
vice and the uppermost part given a series
of rapid jerks until the metal breaks apart,

Making “U"” Bends: I’lace two pieces of
wide angle-iron into a vice, Place the
metal sheet between the angle pieces, With
the aid of a sturdy hlock of wood, laid
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against the metal where it
protrudes from the iron angle
pieces, press down on the wood
block and the metal will bend
easily. A wood or hard-rubber
mallet can also be used to
gently shape the metil to the
desired angle.

Finishing Aluminum: 1[old
the aluminum sheet against
a motor driven wirewheel
brush and a beautiful satin-
like finish will be secured. Less
effective results are attained
by rubbing the metal with
steel-wool, tub in one direc-
tion only.

Aluminum can also be given
a dull, satin-like finish by im-
mersing it in a hot solution of
caustic soda and witer. The
metal is left in the solution
for a few minutes, and is then
removed with the aid of a pair
of pliers. linse quickly in
water. Stand  upright while
drying so that the wiater will
run off without streaking the
metal.

A “laboratory’ tinish can be

applied to aluminum pancls
by holding the metal against
a motor-driven cork. An ordi-

nary cork is held in the chuck
of a drill press or lathe and
the spinning of the cork,
against the metal will “grind”
circles into the panel,
made practically any size.
border

concentric circles, or a

of the panel.

when

)

High-power 150-T final amplifier with home-built plate con-
The neutralizing plate (rear) is supported on a

denser.

pressed
concentric
The circles can be
Some beautiful
effects can be secured by overlapping these
design
small circles can be run close to the edges

standoff insulator, fitted with jack and plug.

of

Eimac 150T push-pull amplifier.

Chassis Ground Connections:
sis should not be depended
ground connections.  All
each

strips.

to prevent the r-t from
throngh the a-¢ power line,

stage should be returned to
mon point of connection, if possible.
common ground points should be connected
together by means of heavy copper wire or
Transmitter chassis should be con-
nected to an external earth ground in order
reaching ground

Steel ehas-
upon for
r-f grounds
a com-

T

r-f
in

hese

HK-254, largest air-cooled tube made.
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Coil Winding Charts for Copper Tubing Tank Coils

THE values given are a close approximation to your particular requirements in each case, but

exact accuracy depends on the circuit arrangement and the length of the leads in the plate
circuit of the tube to be used. The two factors mentioned become more important as the frequency
increases. Long leads necessitate fewer turns on the coil, but the leads should be long enough to
keep the tank condenser separated from the coil by at least the coil diameter.

All the values in the table are for the tubes specified when used as single-ended amplifiers
with the neutralization tap near the center of the coil. If placed in the center of the coil, this
tap will automatically give fixed neutralization on all bands. For push-pull amplifiers, decrease the
number of turns by 25% for any given tube. The reason for this decrease will be apparent upon
close comperison of single-ended and push-pull circuits. Just twice as much tube capacity is
shunted across the tank in push-pull circuits as when single-ended circuits are used.

In low-C tanks, such as these, the voltage rating of the condenser should be equal to four
times the plate voltage on the tube for single-section types, and twice the plate voltage (each
section) for split-stator models.

CHART NO 1. For Coils Tuned With Split-Stator Condenser and Used in Circuits Employing
Low-C Tubes, such as 150T, 50T, 354, 852, 800, 825, RKI8.

| BAND | 2” Dia. Coil | 3" Dia. Coil

4’ Dia. Coil | 5” Dia. Coil | 6" Dia. Loil | Size of Tuning Condenser i

|
| | | 80 Turns | 250 M R
367 L mf. Each Section for
160 ! N.S. ' N.S. | N.S. | N.S. o T:l;‘iem | ““Full Band Coverage. |
60 Tums 50 Turns 40 Tums e e e
80 i N.S. | N.S. 20" Long | 18” Long 18” l{:ns“ | 100 Mmf. Each Section for
| : | 14" Tubing | 14" Tubing | 3g” Tubing |  Full Band Coverage. |
| | ;g Turns ig,;l'uLms | 28 Tuens 22 Tums ]” N -
.S. ** Long ong 12* Long 12" Lon Mmf. ion,
40 N.S %" Tubing_| 34" Tubime | 34" Tubmg | 307 Tubinng 35 Mmf. Each Section ,
ig,;l'lfns ﬁg;’l’u{ns ig,TuLms l lg Tums | 10 Turns O o
0 ong ong ’ Long 12” Long 12 Long 35 Mmf. Each Section.
& Y Tubing | 147 Tubing | 34" Tubing | 34" Tubing | 35" Tubing | e Section
8 Tums 6Twns |~ 4Tuns | 4 Tumns 3Jums | 35 Mnf. Each Section.
10 an Long 4" Long 47 Long | 4” Long 4” Long K.S. Indicates:
14" Tuhing 14" Tubing ] 34" Tubing | 14” Tubing 14" Tubing |  NOT SATISFACTORY. |

CHART NO 2. For Coils Tuned With Single-Section Condenser and Used in Circuits Employing
Low-C Tubes, such as 150T, 50T, 354, 852, 800, 825, RKI8.

BAND 2" Dia. Coil | 3" Dia. Coil | 4” Dia. Conn . 5" Dia. Coil | 6" Dia, Loi! | Suze of Tumng Condenser |

| 60 Tums
160 N.S. N.S. N.S. N.S. 36" Long | 100 Mmf. |
| 34" Tubing
50 Tums | 40 Turns 30 Turns
80 N.S. N.S. 20” Long 18” Long 18” Long 100 Mmf. For Full Band
¥4 Tubing | %" Tubing | 847 Tubing Coverage,
| 36 Tums 24 Turns 20 Turns 16 Turns | |
40 N.S. 14" Long 12” Long 12" Long 12” Long 35 Mmf,
| LA Tume L _IA/‘"_TIibIn!_' _ %" Tubing 14" Tubing |
22 Turns 16 Tums 12 Turns 10Tums | 8Tums o
20 127 Long 127 Long 12" Long 12” Laong 12” Long l 35 Mmf.
14’ Tubing 14" Tubing 14" Tubing 14" Tubing 14" Tubing |
6 Turns 4 Turns 4 Turns 4Tums | 2Tums | T
10 5* Long 5” Long 5’ Long 5" Long 5 Long ' 35 Mmf. |
14’ Tubing 14" Tubing 14" Tubing 14" Tubing | 14 Tubing |

CHART NO. 3. For Coils Tuned With Split-Stator Condenser and Used ; Circuits Employi
High-C Tubes, Such as 50 Watters, 210, 204A, 849, ZISZD, Ig30.":6lj' l;Ker.p orne

I——'BMP*“ 2" Dia. Coil | 3" Dia. Coil [_4” Dia. Coil | 5” Dia. Coil | 6” Dia. Coil | Size of Tuning Condenser
I | |72 Turn e Mg -
160 N.S. ' NS. | NS | NS | 36 Long | 250 Mnf. Each Section for |
] - | 34" Tubing Full Band Coverage,
| {754 Turns 46Tums | 36 Tums | L
1 80 N.S. N.S. | 16” Long 18” Long 18” Long 100 Mmf. Each Section for |
I 14" Tubing 147 Tubing 3¢ Tubing | Full Band Coverage.
36 Tums | 24 Turns 20 Tumns 16 Turns T |
40 N.S. 14”Long | 10”Long | 10”Long | 1071, i
| 14" Tubing | 14" Tubing | 14" Tubg\u l 3,7 T:Itx‘iung | 35 Mmf. Each Section,
24 Turns 16 Tums 12 Tums | 10 Turns 8 Turns | T B
20 10" Long 10” Long 10" Long 10” L " i
l 14" Tubing 14" Tubing 14" Tubing 147 T:I?ionu 11/:)" 'IE:I?:\U | 35 Mnt. Exch Section.
8 Tums 6 Tums 4 Tums 4 Tums 37 -
10 5” Long 5" Long 5” Lon 57 L " Lo i
L | 34" Tubing | 147 Tubina | 137 Tubing | 1, Tubihg x/.s" rﬁi’é‘ﬂm D
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CHART NO. 4. For Coils Tuned With Single-Section Condenser and Used in Circuits Employing
High-C Tubes, Such as 50 Watters, 210, 204A, 849, 212D, 830, 46, RK20.
| BAND | 2" Dia. Coil | 3” Dia. Coil | 4” Dia. Coil | 5’ Dia. Coil | 6” Dia. Coil | Size of Tuning Condenser
P oo | oo | D | own |
.S. [ S, S, N.S. " Long 100 Mmt.
[ 160 | N.S N.S. N.S. ‘ S 37 Tubing | " I
50 Turns 40 Turns 30 Turns -
80 | NS, | N.S. I 20” Loy | 18” Long 18" Long 100 Mmf. For Full Band |
| | 14" Tubing | 34" Tubing | 34" Tubing Coverage.
| " 32 Turns 22 Turns " 18 Turns | 714 Turns - |
40 N.S. 14” Long 12” Long | 12" Long 12” Long 35 Mmf.
l 14" Tubing 14’ Tubing 14’ Tubing [ 14" Tubing - B |
18 Turns | 14 Turns 10 Turns 8 Turns ’ 6 Turns (
20 10" Long | 10" Long 10" Long 10” Long 10* Long 35 Mmf,
14" Tubing 14" Tubing 14" Tubing 14* Tubing 24" Tubing | o
4 Tums | 4 Turns 4 Turns 4 Tums 2 Turns
10 5% Long | 5" Long 5 Long 5” Long 5 Long 35 Mmf.
14" Tubing | 14’ Tuhing 14" Tubing | 14" Tubing 14" Tubing |
Coil Chart for 1l/-in. and 2l/5-in. Dia. Coil Forms.
1v,"” Dia, Size of Tuning 215" dia, Size of Tuning
| BAND Cofl Form | Cond BAND | ‘Coji Form Cond | REMARKS
N o 46 Turns T
! Not No. 16 DCC 100 MMF. |
I Y | Satisfactory | 160 | Ciose wound l or larger | o |
(35 Tums |23 Turns —— The winding data shown|
No. 22 DCC. | i No. 16 DCC. F. | here is for coils that are
: e Close wound 0D Ll - Spaced one dia. l e Lal tuned with single-seo!
%9 :tfszlglcgwns %ﬂs 12}2":)00 | | tion variable condensers. |
0. : R b o |
| 40 Spaced one dia. I LA 40 Spaced one dia. | = 35 il See Chart below foi)
l |11 to 13 Turns | gto 10 Turns | cm_l winding data. when
20 No. 16 DCC. 25-35 MMF. 20 No. 16 DCC. 25-35 MMF. | split-stator variable
Spaced one dia. | " B Spaced one dia. | cond s are used.
5to 6 Tuns | 5 Tums [ [
| 10 No. 16 DCC. 25-35 MMF. 10 No. 16 DCC. 25-35 MMF.

Sraced one dia. Spaced one dia.

Coil Winding Chart for 1l/5-in. and 2!/,-in. Dia. Coil Forms and Split-Stator V.C.

1v,” Dia. | Size of Tuning 21,7 dia. | Size of Tuning
BAND | cﬁl Forlran | n"‘ d LLLTS | Cofl Form | Cond )
I m_ I |— NS
59 Turns 250 MMF. dH .
| ‘ Not l 160 | No. 16 Enameled Each Section T;'.l.'u Stgnsdarmmf.mg:crh
160 Satisfactory | & | Close wound, (smaller condenser section split-stator
l |Tap at center. can be used). | double-spaced midget
| Not [ |35 to 57C'Eums [ want-ia'hlzt cund::;‘ser(s:aa;e
o 0. 16 DCC. 3 satisfactory. The Card-
80 | satisfactory 80 Close wound. ;-’;,,'gm,fm well Trim. Air 100
ap at center. | mmf midgets can also
| | be used by merely re-
35 Turns 29 Turns "
| |No. 16 DCC. 35 MMF. 40 |No. 13 E 35 MMF, | Mioving aiternate plates
40 Close wound, Each Section Space wound. Each Section | sections and 9angin
I, e e
19 Tums 15 Turns together. The capacity
| g9 |Me.16DCC 35 MMF. 20 |No. 14 Enameles| 35 MMF, | Luether. The capacity
Spaced one dia. Each Section Spaced one dia. Each Section | per section. {
! Tap at center. Tap at center. |
"LES-TET" COIL DATA (See circuit diagram
All forms 15 inches outside diameter. on page101).
L1 I 20 meters 40 meters 80 meters
same as 40 m. coil, I5 turns, #18 DCC, | 24 turns, #18 DCC, close
no tap. spaced 1/16”. Tap, 5| wound. Tap, 8 turns up
turns up from bottom. from bottom.
7 turns #18 DCC, !g” | |15 turns, #18 DCC, | 24 turns, #18 DCC,
L2 spacing. Link coil, 4 turns | spaced 1/16”, Link coil, | close wound. Link coil,
l #22 DCC, close wound, same as for 20 m. same as for 20 m.
| V4" from cold end.
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RADIOTELEPHONY

Definition: What can be defined as the
average transmitter is that which consists
of the following components: (1) a portion
that generates and amplifies the radio-fre-
quency carrier wave: (2) a portion that
converts the sound waves into electrical
waves; (3) a portion that takes amplified
audio-frequency currents and mixes them
(by a process known as modulation) with
the radio-frequency carrier in such a man-
ner that the power output of the transmit-
ter varies in exact accordance with the vari-
ation in sound pressure applied to the
microphone.

Modulation Pundamentals: In general, all
communication systems utilize audio-fre-
quency waveforms. These may be either
pure tones and square-topped waveforms
for use in code transmission, or the wave-
forms may be quite complex for conveying
telephonic speech directly, without translat-
ing the intelligence conveyed into dots and
dashes of the telesraphic or radio codes.
The range of audio-frequencies required to
transmit the intelligence varies from a few
cycles to 10,000 cycles per second, depend-
ing on whether telegraphic or high-defini-
tion amplification is used. For amateur
purposes, an audio-frequenc)y ranze of
from 200 to 2800 cycles per second will pro-
vide intelligibility, although fully natural
and pleasing reproduction of the transmit-
ted speech requires a range of from at
least 100 cycles to 4000 cycles. For high-
definition, frequencies between 80 and X000
cycles must be faithfully reproduced at the
receiving point. such fidelity is seldom se-
cured in amateur practice, but should be
attained whenever conditions permit.

In the transmission of telegraphic signals
over a radio circuit, the carrier is radiated
only during the "mark” period. The “space”
is obtained and defined by an absence of
the carrier. On the other hand, when tele-

phonic communication is used on a radio
channel, the carrier remains on between
syllables and words. The audio signal

periodically increases and reduces the am-
plitude of the carrier, while the average
amplitude of the carricr remains constant.
Certain commercial telephone circuits use
a type of modulation, termed ‘‘Suppressed
Carrier Single Sideband.” but it is not very
widely used hecause of the difficulty of ob-
taining satisfactory speech quality. The
principal reason for the difticulties involved
in this system or similar systems lies in
the inability to maintain the oscillator in
the receiver in exact synchronism with the
oscillator in the transmitter.

When a modulated carrier is analyzed,
it is found that the original carrier is pres-
ent, plus two groups of the sum and differ-
ence frequencies, which have been named
the upper and lower sidebands. These side-
bands are generated in the transmitter by
the familiar heterodyne process. Thus, one
sideband consists of the waves whose fre-
quencies equal that of the carrier plus that

of all the individual audio components, and
the other sideband consists of the waves
whose frequencies equal that of the carrier
minusg all the audio components. In other
words, the carrier and the audio signal were
heterodyned together into u group of beat-
frequencies by the action of the modulated
amplifier.

® — UNMODULATED CARRIER

®—AUDIO SIGNAL TO BE APPLIED TO CARRIER

©— MODULATED CARRIER

Curve {A) indicates the pure c-w wave applied
to the grid of the modulated amplifier. Curve
{B) shows the audio frequency output of the
modulator. Curve {C) shows the combination
of the two after being mixed in the modulated
amplifier. Note that the average value of the
modulated wave is constant.

The carrier takes up a relatively small
position in the frequency spectrum, but,
since each sideband contains all the audio
signal components, the modulated signal
will require a frequency band twice as
wide as the highest audio-modulating sig-
nal. J'or example: If the transmitter re-
sponds to frequencies between 100 and 4000
cyvcles per second, then the bandwidth must

extend 4000 cycles above and below the
ecarrier., This 8000 cycle band will cause
some interference to any other station

whose sidebands extend into this particular
portion of whatever amateur band the
transmitter is working in. Almost 85 per
cent of the power radiated in the sidebands
consists of the frequencies in the register
below 1500 cycles the remaining 15 per
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cent eonsist of frequencies of the upper
register, which determine the quality of
speech reproduction. The high audio-fre-
quencies contain the greater portion of the
harmonic content of sound which, if muted,
depletes the fidelity and timbre of natural
speech.

Power Distribution in a Modulated Wave:
The amplitudes of the sidebands depend on
the percentage modulation; the higher the
degree of modulation, the greater the side-
band amplitude. It takes power to modu-
late a wave which is expended in altering
its amplitude. When a carrier is 100 per
cent modulated by a pure audio tone, the
power in each of the two sidebands equals
one-quarter of the unmodulated carrier
power output. Thus the power in both
sidebands equals one-half the carrier wave
and, therefore, complete modulation in-
creases the average power output of the
phone transmitter 50 per cent. If a class C
radio-frequency amplifier is plate modu-
lated, the plate power input must therefore
be increased 50 per cent in order to get a
50 per cent increase in output, because the
plate efficiency remains constant during
modulation. This 50 per cent increase in
plate input is obtained from the modulator
tubes in the form of AC. It is superim-
posed on the DC plate input in such a man-
ner that the instantaneous plate voltage
(and current) is alternately raised to twice
the unmodulated value, and then reduced to
zero. In order to swing the plate voltage
of the class C amplifier from zero to twice
normal, the modulators must alterpately
supply and absorb power. This involves
energy storage during the time the plate
voltage is below normal. This energy is
stored in the Heising choke, or in the
modulation coupling transformer, depend-
ing upon whether capacitative or inductive
coupling is used between the mnodulators
and the modulated amplifier,

One hundred per cent modulation is ap-
proached only on the extreme voice peaks.
Ordinarily these peaks should seldom bhe
allowed to modulate a phone transmitter
more than about 80 per cent, and the av-
erage modulation during the time that the
operator is actually speaking should ap-
proximately average 40 per cent. However,
the capability to modulate at 100 per cent
is essential to minimize heterodyne inter-
ference between or with other stations.

All plate modulated RI1° amplifiers oper-
ate as class C amplifiers which require that
the grids of the tubes be heavily excited
by a buffer amplifier so that the power
output of the stage will rise as the square
of the plate voltage without any “dropping
off” tendency as the instantaneous plate
voltage approaches twice the normal value

under modulation, HINT: In practice,
choose tubes with as high a mutual econ-

ductance as possible to economize on driv-
ing power.

The plate input to a class C modulated
amplifier  increases during  modulation,

while the plate efliciency remains constant.
On the other hand, the plate dissipation
will increase when audio modulation is ap-
plied, necessitating that the tube operate
below its maximum rating in order to al-
low some reserve dissipation for the heat
radiated from the plate during complete
modulation: incidentally, the heat increases
upwards to 50 per cent during 100 per cent
modulation.

Another reason for operating modulated
amplifier tubes below their maximum rating
is that the peak plate voltage and the peak
plate current are doubled durinz complete
modulation,

Shielding RF Portions of Phone Trans-
mitters: Additional shielding or isolation
of the RI® portion of the transmitter will
be required in order that all RF be kept
out of the speech amplifier, such precautions
will prevent the amplifler from overloading
and “singing™; in some cases it will he
even necessary to shield the entire speech
amplifying equipment.

Phone Transmitter Components

The three principal parts of the phone
transmitter are: (1) the radio frequency
channel; (2) the audio-frequency channel;
and (3) the power supplies. In the subse-
quent treatment, an analysis is given to
the major components comprising each of
the aforementioned parts.

The RF Channel: The principal function
of this channel is to generate and amplity
radio-frequency alternating-current oscilla-
tions which are ultimately modulated by
the voice impulses and then radiated from
the antenna.

The radio-frequency generator consists of
a low-power AC oscillator tube whose fre-
quency is held within very close limits in
order that the period of oscillation does not
appreciably drift. In practically all modern
amateur transmitters the frequency is
maintained at a near-constant value by a
quartz plate oscillator.

‘While the crystal has a tendency to resist
changes in frequency caused by changes in
the plate voltage, or by other circuit char-
acteristics, it cannot entirely compensate
itself from factors tending to alter the
generated frequency. For these reasons,
the crystal oscillator cannot be modulated
directly without some undesirable frequency
modulation. These wide changes in plate
voltage will have some effect on the circuit
parameters of the most stable of crystal
oscillators. Amplifiers which adjoin the
crystal oscillator must not be modulated
lest some reaction be reflected back into
the oscillator which may have (it generally
does) some effect on the frequency stability.
A crystal oscillator must be isolated by at
least one buffer stage between it and the
succeeding radio-frequency amplifier which
is modulated by the voice impulses.

The Modulated Amplifier: Iower modula-
tion, somectimes called “Heising Modula-
tion.” “Plate Modulation,” or *Power Sup-
ply Modulation,” is used in most amateur
stations.  In a previous explanation it was
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stated that all forms of plate-modulated
amplifiers operated ‘“class C,” wherein the
negative grid bias is greater than two times
that value of bias which woulid reduce the
plate current to zero if the II® grid drive
is removed.
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Crystal oscillator and low power buffer stage
similar to "Les-Tet” Exciter.

The process of plate modulation occurs
whenever the plate voltage is varied up and
down over its normal value at an audio-
frequency rate, the variations being exactly
in accord with the voice impulses which
strike the diaphragm of the microphone.
It the class C RIF amplifler is properly
biased and driven, the radio frequency AC
voltage measured across the plate tank coil
will, at all times, be exactly proportional
to the instantaneous DC plate voltage. By
instantaneous DC plate voltage is meant the
sum of the constant DC plate voltage, plus
the instantaneous AC voltage which is
superimposed on it, and which comes from
the modulator tube or tubes. This variation
of radio-frequency voltage across the tank
coil obviously causes a variation in the
power output of that ampliflier stage, and
if the antenna is coupled to the modulated
amplifier the RF energy is modulated in
accordance with the variation of sound ap-
plied to the microphone. The RF signal
in the detector circuit of a distant re-
ceiver, when the carrier is unmodulated, is
inaudible—unless a beat-frequency oscil-
Iator supplies a heterodyning signal. How-
ever, as soon as the amplitude (or voltage)
of the carrier signal is varied and is pres-
ent in the distant receiver, the variations
are changed by electro-acoustic conversion
in the reproducer and are heard as sound.

In order that the amplitude of the RF
output shall be an exact replica of the voice
impulses, it is essential that there be no
regeneration in the class C amplifier. This
means that the RF amplifier must be per-
fectly neutralized. It takes an appreciable
amount of regeneration to make an ampli-
fier break into self-oscillation; however, be-
cause an amplifier does not oscillate is not
an indication that it is perfectly neutral-
ized., There may not be enough regenera-
tion to allow self-oscillation., but even a
small amount of regeneration can seriously
disturb the linearity of modulation anrd
thereby cause distortion. The modulation
must not only be linear, it must be per-

fectly syvmmetrical as well. In other words,
the positive and negative peaks of modula-
tion must be equal. This necessitates that
the carrier output must swing up just as
much as it swings down on the immediately
succeeding half cycle. Non-symmetrical
modulation causes a change in the average
amplitude of the modulated wave, which
results in carrier shift and serious interfer-
ence, as well as introducing audio distor-
tion. Interference due to non-symmetrical
modulation is very much of the type as
that resulting from over-modulation and is
sometimes called “sideband splatter.”

Non-symmetrical modulation is some-
times caused by having a very low C in the
plate tank circuit of the modulated ampli-
fler. If there is an excess of inductance
and a deficiency of capacitance in the cir-
cuit, the proper amount of circulating cur-
rent will not flow in the tank circuit to
provide the necessary ‘“fiy wheel” effect.

See I. to C Natio Chart on page 103 for
correct capacity to use at various fre-
quencies.

Frequency Modulation: The oscillator
frequency will vary during modulation un-
less one or more buffer stages are used
between the modulated stage and the os-
cillator. This variation of frequency is
called “frequency modulation.”

Linear Amplifiers: To avoid distortion,
any amplifier which amplifies a wave pre-
viously modulated in some preceding stage
must produce output wave shapes which
are exactly similar, except for size, to the
input wave shapes which excite the grid.
This type of amplifier is called a “Linear
Amplifier” because its output is a linear
function of its input. The most common
type of linear amplifier is usually biased
exactly to cut-off and it is called a “class B
Linear Amplifier.”

The reasons why these amplifiers are not
more widely used in amateur stations are
because they are quite difficult to adjust
and they require a rather expensive amount
of tube capacity for their carrier output.

It is desirable to operate a linear ampli-
fler at as high a plate voltage as possible
to obtain the maximum possible unmodu-
lated plate efficiency. Because the grid cur-
rent varies with the percentage modulation,
the grid bhias of a linear amplifier must be
supplied from a separate source, such as
batteries of a low-resistance power supply,
to avoid distortion.

Linear amplifiers operate as efficiency
modulated devices. The plate efficiency is
controlled by the RF excitation voltage ap-
plied to the grid. The maximum theoretical
unmodulated plate efficiency for a class B
linear amplifier is 39 per cent, and 50 per
cent for a class BC linear amplifier. In
practice, the unmodulated plate efficiency of
a class B linear amplifier seldom exceeds 30
per cent, and for the class BC linear ampli-
fier the upper limit is about 10 per cent.

The modulated output is obtained by
varyving the instantaneous plate efficiency
of the linear amplifier between the limits
of zero efficiency and twice the normal un-
modulated efficiency. Thus a class B linear
amplifier might be 30 per cent efficient dur-
ing periods of no modulation, and during
periods of 100 per cent modulation the in-
stantaneous efficiency would be varving at
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LINEAR AMPLIFIER
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LINEAR AMP
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The coil data is for 75 meter operation.

34" spacing.
|+ 3000v C9—35 mmf. per sec-
tion, 15,000 v.
26,000 % C10—35 mmf. sin-
e e ple, 15,000 v.
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=4 12, on small G.R.
form

L6—36 turns, No.
12, 5%” dia., air

spaced.

L7—22 turns, %"

copper tubing, 4"z
dia., air spaced.

an audio-frequency rate between zero and
60 per cent. During the period of 100 per
cent modulation the average plate efficiency
increases 50 per cent. Because the average
plate efficiency is lowest when unmodulated,
the plate loss is highest at that point, and
it is therefore evident that all linear ampli-
fiers cool off during modulation. Exactly
the opposite occurs in a class C plate-mod-
ulated amplifier because its plate loss in-
creases b0 per cent during periods of 100
per cent modulation and also because the
plate efficiency of a class C amplifier re-
mains approximately constant during modu-
lation, although the average DC plate input
is increased 50 per cent,

The Audio Channel: The fidelity and faith-
fulness by which the voice frequencies are
amplified depends wholly upon the individ-
ual characteristics of the parts comprising
the audio-frequency amplifying equipment.
To satisfactorily pattern any group of in-
struments into a well-designed speech am-
plifying system requires that each part be
better than just “ordinary’” or ‘“cheap.”

Microphones: The function of a micro-
phone is to convert sound energy into elec-
trical energy. In a perfect microphone the
electrical output would be an exact replica
of the sound input caused by the successive
compressions and rarefactions of the air
in front of the mouth of the person who
speaks into the microphone.

The various types of microphones in use
today are:

(1) The carbon microphone (with one or

two buttons).

(2) The condenser microphone

nitrogen filled).

(3) The crystal microphone (Piezo-elec-

tric type).

(air and

(4) The inductive microphone (moving
ribbon) (velocity type).

(5) The dynamic microphone (moving
coil type).

(6) The non-directional dynamic micro-
phone.

An explanation embodying the principles
and function of the above microphones are:

‘These

The Carbon Microphone: This type of
microphone is the most common in use
today. The electrical output results from
the fact that the resistance of a group of
carbon granules varies with the mechanical
pressure exerted on them. The pressure is
varied by a metal diaphragm whose oscil-
latory movement is conveyed directly to the
pile of carbon particles which varies the
microphone battery current fliowing through
the microphone. In the case of a double-
button carbon microphone there are two
groups of carbon particles located in metal
buttons, one on each side of the diaphragm,
This vibrating member is usually stretched
so as to remove the mechanical resonant
point of the diaphragm out of the most im-
portant part of the audio-frequency range.
two-button microphones are con-
nected to a center-tapped primary winding
on the microphone coupling transformer so
that the buttons are effectively in push-

pull, This tends to minimize the even har-
monic distortion which is inherent in all
carbon microphones.

2A%5< or 42
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Single-button
mike.

!:tt .

e

10-watt amplifier for use with a single-button
microphone.

Unfortunately, all resistive types of
acousto-electric converters have a rather
high background hiss, due to the button
current: in addition, are incapable of re-
sponding to wide frequency range, and gen-
erate more than a good portion of harmonie
distortion. IFortunately, carbon microphones
heing low-impedance devices (200-400 ohms)
require little or no shielding. Another fea-
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10-watt amplifier for double-button microphone.

ture is that the ruggedness and mechanieal
construction ot the device allows it to be
handled without the consideration that
would necessarily be required with a ore
delieate instrument. The output of a hizhly
damped two button type is rated at —i4d
1313,

The Condenser Microphone: This type of
microphone is capable of giving all the
fidelity an wmateur can use. It operates
on the principle that any variation in the
dielectric spacing of a smiall condenser gen-
erates a small AC voltage across the con-
denser terminals. A rather high polarizing

voltage must be applied between the con-
denser plates to secure suflicient output;

voltages from 90 to 180 volts are common.
The condenser microphone has a heavy bacek
plate in front of which is located a thin

“dural” diaphragm, tightly stretched to
climinate resonance. The space between

the diaphragm and back plate is sometimes
filled with nitrogen to improve the over-all
response characteristics. The diaphragm
is usually a thousandth of an inch thick,
with that amount of spacing between the
vibrating member and the back plate. When
sound waves are impressed on the dia-
phragm its oscillatory movement varies the

electro-static capacity between the two
condenser plates, which impresses an AC
voltage on the DC polarizing voltage. This

AC voltage is then transferred to the grid
of the first audio amplifier through a small
blocking condenser which isolates the
polarizing voltage from the grid of the
first audio tube. The output is about
—95 D.I3. as compared with an ordinary
single button telephone microphone with
unstretched diaphragm.

The condenser microphone has the advan-
tage that its extremcly light diaphragm
gives somewhat better high-frequency re-

sponse than a carbon microphone. TIn addi-
tion, there is no carbon hiss. The disad-
vantage lies in the fact that the audio

output is so low that a “pre-amplifier’” is
necessary to augment the minute currents
up to a level equal to that of a standard
2.hutton carbon microphone (—50 D.B)).
Blecause the condenser microphone is a very
high impedance device, it must be isolated
from both RI and AC fields. Weather con-
ditions, such as humidity and barometric
hressure. affect the response characteristics
of practically all electro-static devices.
Cavity resonance, structural and resonance
peaks tend to alter the fidelity of many
tvpes of condenser microphones, especially
those of inferior manufacture, On account

of these factors, prospective purchasers
should carefully weigh both the electrical
and mechanical features of a group of
microphones before finally making their
acquisition.

Brush sound-cell microphone.

The Crystal Microphone: There are two
(ypes of crystal microphones—the dia-
phragm type and the grill type. DBoth op-
erate on the piezo-electric principles as de-
fined by Curie. When a dielectric mate-
rial in a condenscer changes its mechanical
dimensions or density, a change in capac-
ity occurs. This change in capacity gen-

crates a small AC voltage. All erystal
microphones use Rochelle salt crystals,
which act like small condensers. 1f these

crystals are subjected to a deformation by
bending strains caused by an acoustic pres-
sure, a small audio-frequeney will he gen-
erated across the two small pieces of metal
foil which are glued to opposite faces of the
crystal.  The voltage produced by the crys-
tal is then fed into a pre-amplifier for the
necessary amplification,
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The diaphragm type is the most inexpen-
sive of crystal microphones. While it is
capable of somewhat better fidelity than
the more common types of condenser micro-
phones, its quality is not comparable to
that secured from the better types of elec-
tro-static instruments. No polarizing volt-
age or magnetic tield is required, and the
audio output is approximately equal to that
obtained from the highly-damped types ot
two-button carbon microphones. There is
no background noise and the fldelity de-
pends upon the care with which the dia-
phragm has been installed.

The grill type of crystal microphone is
capable of almost perfect fidelity. It con-
sists of a series of crystals (or sound cells)
connected in series-parallel to produce a
high output. The energy developed by this
type of microphone is equal to that of the
lower-level moving coil types, and is some-
what higher than that of the moving coil
variety of microphones. Although the de-
vice is a high impedance source of audio
voltage, its peculiar condenser character-
istics allow the use of a shielded lead
which can be 100 feet long between the
microphone and its associated pre-amplifier.
One important advantage of the grill type
erystal microphone is that it is less direc-
tional than other types of microphones.
The output level varies between —65 and
—74 D.B,, depending upon the construction,

The Inductive Microphone. These micro-
phones operate on the principle that the
movement of a conductor in a magnetic field
induces a voltage in the conductor. The
ribbon microphone utilizes a thin corru-
gated metal ribbon. or tape. a few thou-
sandths of an inch thick, loosely supported
between the poles of a form of horseshoe
magnet. When actuated by sound waves,
the diaphragm or ribbon oscillates in the
magnetic fleld, which induces a very small
current in it. The two ends of the ribhon
are connected to the primary of a coupling
transformer which steps-up the voltage
output and applies it to the grid of a
pre-amplifier tube. The ribbon microphone
is very rugged and is of rather simple con-
struction: in addition, is capable of hirh-
definition in response with regard to the
direction of the sound approach. Being
actuated by velocity. rather than by pres-
sure, the high frequency doubling is avoided
which in other types of instruments im-
pairs the fidelity. The microphone has an
extremely low impedance (less than 1 ohm)
and is therefore not affected by radio-fre-
quency fields: on account of this featore
the device may be placed close to the
transmitter. Unfortunately. the microphone
is sensitive to 60-cycle or power line flelds
if in the proximity of these areas. Low fre-

quencies are unduly emphasized when
speaking close to the ribbon. Because the
audio output is approximately the lowest

of all acousto-electric deviees. a high-gain
pre-amplifier is required to bring the outnut
up to a usable level. The output is about
—100 D.B.

The Dynamic Microphone: This type of
microphone operates on the same principle
as the ribbon type. However, it uses a
small coil of wire attached to a diaphragm
to generate the audio voltage. A perma-

nent magnet supplies the magnetic field in
most cases, and the audio output and fidel-
it)_' are similar to those of the condenser
microphone. The moving coil microphone
is a low impedance device and thus can be
remotely located from its associated pre-
amplifier. The usual impedance of the mov-
ing coils is about 30 ohms and the rated
output level is —85 D.I3.

’.l‘h.e moving coil microphone is rapidly
gaining popularity amongst the amateur
fraternity. It is quite rugged and has the
outstanding advantage that its characteris-
tics do not readily change with age or uat-
mospheric conditions; once the device is
equalized, its fidelity remains constant.

The Non-Directional Microphone: This is
a type of microphone that will respond uni-
formly to all sound pressure and is built
on the moving-coil principle. It differs rad-
ically from previous microphones in ap-
pearance, consisting of a two and one-half
inch spherical housing with a two and one-
half inch acoustic screen held a fraction of
an inch off the surfaee. In this type of
microphone the directional effect is so
slight as to be imperceptible; this effect is
largely a function of the size of the micro-
phone relative to the wavelength of sound.

PROTECTIVE ACOUSTIC  DIAPHRAGM
SCREEN SCR_EEN 7/ AND COIL
4[ A A T
( whvApipAgA AR 1)
v T

j MAGNET} /

TUBE

TERMINAL /
L PLUG

Simplified cross-sectional view of Western
Electric non-directional microphone.

With a spherical microphone mounted
with the diaphragm horizontal (see the ac-
companying flgure) there would be a ten-
dency for the response to be too high for
high-frequency sounds coming down from
above; that is, directly toward the dia-
phragm, and too low for similar frequencies
coming from angles very much below the
horizontal. The effects are completely
avoided, and an essentially uniform re-
sponse is obtained from sound coming
from all directions, by mounting an acous-
tic screen in front of the diaphrazm. This
screen produces a loss in sound passing
through it, but reflects back into the dia-
phrazm all sounds coming from behind the

ACOQUSTIC
RESISTANCE
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microphone. It thus compensates for the
unequal diffractive eftects and makes the
instrument non-directional in its response.

The microphone has a uniform charac-
teristic from 40 to 10,000 cycles; it is also
free from electrical interference and has
such features as: high signal-to-noise ratio,
ruggedness, dependability and freedom from
temperature, barometric and humidity ef-
fects. Another characteristic is the low
electrical impedance which allows its use
several hundred feet from the amplifying
equipment.
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B _%2500 20,000
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Crystal microphone pre-amplifier. Gain

approximately 20 D.B.

Pre-Amplifiers: Practically all types of
high-fidelity microphones have a very low
audio-output and require an intermediate
device between the microphone and main
voltaze amplifier to build-up the weak
electrical output: this device is called
the “pre-amplifier.” It consists of two
stages of resistance or transformer coupled
triodes connected in cascade. The over-
all gain of most pre-amplifiers ranges from
25 to 55 D.B.,, depending upon the par-
ticular type of input microphone used; the
decibel rating given here represents a volt-
age amplification of about 250 to 1000 times.

(NOTE: It is almost prerequisite that all
amateurs acquaint themselves with the
DB, unit; reference should therefore be

hum pick-up requires good shielding as well
as RE chokes in the grid leads, the latter be-
ing required if the amplifier is to be oper-
ated close to a transmitter, The power sup-
ply leads energizing the equipment must be
well shielded and not run closer than three
feet to any choke or transformer which has
AC flowing through it.

The heaters of the tubes can be oper-
ated from 6.3 volts AC if care is taken to
completely by-pass and shield the filament
leads. Otherwise a small storage battery
may be necessary if high gain is desired.

Gain controls are seldom incorporated in
a pre-amplifier; this function is best left to
a voltage divider or attenuator in the main
voltage amplifier. (NOTE: Design informa-
tion on pre-amplifiers may be found in the
section ‘‘Electrical and Radio Measure-
ments.””)

Pre-Amplifier With New Metal Tubes:
The performance of a condenser micro-
phone pre-amplifier cannot be improved on
to any great extent, but the new develop-
ments in parts and tubes allow a more
compact and better mechanical design.

From the photographs on page 146, it
will be seen that two of the new metal-en-
velope type 61°5 and 6C5 tubes form major
parts complement of the pre-amplifier. Elec-
trically, metal tubes have little advantage
over others except for the lower hum level
obtained and, in addition, to a slight in-
crease in the gain. These tubes, however,
take up less space and greatly simplify the
problem of shielding. The compactness of
the pre-amplifier is evident from compari-
son with the microphone head, which is of
standard sizc. The entire two-stage pre-
amplifier fits into a case that formerly
housed a “Stromberg-Carlson” audio trans-
former. The interior partitions are con-
structed from galvanized iron and then
given a coat of lacquer to match the ap-

.25 .
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3 500 W
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Metal tube pre-amplifier for condenser microphone.

SHIELDED AND CT GROUNQED
W AT POWER SUPPLY

Gain approximately 50 D.B. Tl—tube-to-

line output transformer.

appearing in the
Radio Measure-

discussion
and

made to the
section Illectrical
ments.”)

Since it is the function of pre-amplifiers
to be associated with minute audio-fre-
quency voltages, emphasis must be placed
upon protecting the amplifier from all hum
and background noises, To minimize the

pearance of the case. The mechanical con-
struction is such that all parts in the
amplifier are accessible,

A “Mallory"” bias cell furnishes the bias
voltage on the 65, A potentiometer ar-
rangement (see diagram on page 146)
reduces the polarizing voltage from 230 to
175 volts,
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Metal tube pre-amplifier and condenser microphone.

With some types of condenser heads, it
is not possible to apply more than 100 volts
as a polarizing voltage; the differences in
potential can, however, be changed by mak-
ing the proper adjustinents on the poten-
tiometer,

mica

0 6FS 6Cs o
- Ho 1 1~ "'“‘O
[EE Lo g
of ¥R el
F B L
x MALLORY B1aS CELL

Circuit diagram for condenser microphone am-

plifier illustrated above. A small dry cell {1.6

volts) can be used in place of the Mallory
Bias Cell.

It is recommended that well-designed
“noiseless type” resistors be used. In the
second stage the amplification level is of
such a value that any good grade of carbon
resistors will prove satisfactory. The
shielded lead from the positive high-poten-
tial plate of the microphone head which
encrgizes the grid cireuit of the 6F3% must
be well insulated between the shielding and
the external wire. Considerable noise will
be developed in this cireuit if this insula-
tion is faulty,

The output impedance of the pre-ampli-
fier is low enough that no line coupling
transformers will be necessary for dis-
tances up to 100 feet. The output is fed
to the urid of the first tube in the main

amplitier either through a regular inter-
stage audio transformer or a 0.1 mfd, coup-
ling condenser. The transformer should
be located at the input of the main ampli-
fier if transformer coupling is used, If
resistor coupling is used, the 0.1 mftd con-
denser should be located at the input ot
the main amplifier even though there is
already one hlocking condenser in the out-
put lead at the pre-amplifier.

By rigidly following the meehanical ar-
rangement as shown in the photographs,
no trouble will be encountered. The fila-
ment leads must be shielded and the grid
leads short as possible. It is important
that the heaters of the tubes be grounded
cither at the center-tap winding on the
filament transformer or by a center-tap re-
sistor scheme,

The power supply must be well-filtered
and provided with at least three filter sec-

tions with a total of more than 30 rfd.
capacity. Three small 50 hy. (or those
having higher values) 10 JMA. chokes

shunted at each terminus with 8 mfd. elec-
trolytic condensers will provide a humn-
free source comparable to battery supply.

The Main Voltage Amplifier: The main
voltaze amplifier is not clearly defined in
most amateur stations, but is often com-
hined with the driver stage for the high-
powered modulator. Briefly, that part of
the audio channel which starts at a point
roughly corresponding to the output level
of a damped high-quality two-button micro-
phone which is approximatety —50 D.B. be-
low the zero level is termed the “main volt-
age amplifier.,”” Throughout this HAND-
BOOK, a zero level equal to 6 milliwatts
(.00 watts) of power will be used as an
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VOLTAGE AMPLIFIER AND DRIVER.

R1—500,000 ohms. R2—250,000 ohms.
wound., R5—30,000 ohms wire-wound.
former. TR2—P.P. Input Transformer.

TR2 245 TR3
$R2
2R4
245
VWAAA
Rs
)
-90 +375

R3—3,000 ohms wire-wound.
CH—50 henry, 15 MA.
TR3—Modulation Transformer.

R4—1,200 ohms wire-
TRI—Plate to Grid Trans-
3-1 stepdown.

arbitrary reference level. Thus —50 D.I.
corresponds to one-one-hundred thousandth
of 6 milliwatts. A good voltage amplifier
must be capable of amplifying an input of
—350 D.B. up to full output, that is, to the
zero level. Such an amplifier can consist
of two stages of type 6C6 triodes, trans-
former coupled.

To control the input to a main voltage
amplifier requires the use of some type of
attenuating device; this can consist of a
potentiometer of about 250,000 ohms whose
sliding contact connects to the grid of the
first stage.

The main voltage amplifier drives either
the *driver power amplifier” or, in certain
cases, it directly drives the “low powered
modulator.” This amplifier operates at a
considerably higher audio level than a pre-
amplifier, and therefore does not require
exceptional filtering or shielding to min-
imize background noises. Ilowever, as a
precautionary measure, the first stage
should be well-filtered and shielded because
of the hum which might occur due to faulty
construction or design,

The best inter-stage coupling in ampli-
fiers in which the tube components are
either pentodes or screen-grid tyvpes is that
obtained by resistance coupling. Coupling
high-mu tubes with transformers reduces
their operating efliciencies to a very low
value; and audio chokes, unless specially
desizned for this service are also taboo.
On the other hand, choke or transfornier
coupling will give splendid fidelity when
functioning in conjunction with medium-
or low-mu triodes. Resistance-coupling is
ideally suitable to the following screen-
grid, pentodes or high-mu triodes; these are
the 75, 2A6, 40, 6C6 or 57.

The Modulator and Its Associated Driver:
A modulator which operates class A does
not require that its driver supply power,
but instead, it necessitates that its input
be supplied with a certain voltage; this is
due to the fact that the control grid of
a class A amplitier, or modulator, is never
driven positive, and so never draws grid
current, The driver, therefore, will func-
tion splendidly with the following tubes
as voltage amplifiers: the 6C6, 56, 76 and

T 56 Tzr—
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T!—Mike to grid transformer.
T2—Interstage audio transformer.

Most Widely Used Main Voltage Amplifier and Audio Driver

5-Watt Amplifier for use with highly-damped type of carbon microphones.
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T3—Push-pull input transformer.
T4—Push-pull output transformer.
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others. With the 813, 819 or 212D operat-
ing in a class A modulator, the driver
should be chosen from among the small
tubes, such as the 45, 42 (triode), 210, etc.
The larger tubes operating class A require
somewhat more grid voltage swing than
can be supplied by the smaller voltage am-
plifier triodes.

When modulator tubes are employved in
push-pull class B or class AB stages, the
driver is frequently required to supply
some grid power; this amount varies widely
depending on the plate voltage and power
output conditions. Class B modulators re-
quire slightly more grid driving power than
class AB modulators, but class I3 modu-
lators are often somewhat more econom-
ical to build and operate.

For example, class B 46s and class AB
50s have the same maximum undistorted
power output of approximately 23 watts
for two tubes at rated plate voltage. The
grids of the 46s require almost two watts
of power, whereas the two 50s require only
about .4 watt for the same output. Thus
another 46 operating as a low-mu triode
must adjoin the driver for the class B 46s,
while push-pull 76s can easily supply the
small grid driving power required by the
class AB 50s. However, the 46s are more
modestly priced and operate with less plate
voltage than the 50s. Offsetting this econ-
omy is the fact that the input and output
transformers for the class B 46s are more
expensive than the input and output trans-
formers for the class AB stage with the
type 50 tubes.

The choice of a modulator tube depends
on the DC plate input power drawn by
the class C RI® amplifier which is to be
plate modulated. The maximum undis-
torted audio power output of the modulator
stage must be 50 per cent of the 1DC power
input to the class C amplifler.

Reference to the tube tables will indi-
cate the audio output to be expected from
the more common modulator tube combina-
tions, at commonly-found plate voltages.
The same table will also suggest satisfac-
tory tubes serviceable as drivers.

Low power modulators (up to 200 watts
of audio power) often operate from either
a single-ended or push-pull driver chosen
trom the following list ot the most popular
iow power drivers: 45, 46 (low-mu triode),
59 (low-mu triode), 2A3, 71, 42 (triode),
2B6 and 50,

Power Modulation: Power modulation in-
cludes all forms of plate modulation be-
cause it involves the modulation of the
source of power which is converted into
RF carrier power by a vacuum tube ampli-
fier. A radio-frequency class C amplifier
normally operates under conditions such
that the power output changes with the
square of the plate voltage; thus the RF
voltage output changes in exact accordance
with the variation in the plate voltage.
Ordinarily, all modulated class C amplifiers
operate at a practically constant plate effi-
ciency, but with a peak plate input varying

above and below the normal untmodulated
value in accordance with the audio-fre-
quency AC supplied by the modulator. The
plate efliciency of a Dlate-modulated class C
amplifier can be made quite high; 92 per
cent has been reached in laboratory ampli-
fiers, although 65 per cent to 85 per cent is
nmore ecommon in amateur stations.

A study of the power distribution in a
completely modulated wave shows that two-
thirds of the total power consists of the
carrier, and the other one-third is divided
equally between the two sidebands. Thus
the average RF power output must be in-
creased 50 per cent for complete 100 per
cent modulation, and proportionately less
for lower percentages.

The plate efficiency remains approxi-
mately constant during plate or power mod-
ulation, and so the RF power output can
be increased only by increasing the plate
input power during modulation, 1In order
to derive a 50 per cent increase in average
power output during complete modulation,
the plate power input must also be in-
creased by 50 per cent. Because the audio-
frequency modulator, or modulators, are
the sole source of this increase in power,
it is seen that the maximum undistorted
power output of the modulators must be
equal to 50 per cent of the constant DC
plate input supplied to the unmodulated
class C RF amplifler. The modulator, or
modulators, must be coupled in the cir-
cuit between the source of DC plate power
and the class C amplifler so that the peak
AC voltage output and the peak AC cur-
rent output of the modulators just equals
the unmodulated DC plate voltage and plate
current drawn by the class C stage. Under
complete modulation, therefore, the constant
DC plate input is alternately doubled and
neutralized as the audio-frequency AC wave
goes through its maximum positive and
negative values. This shows that the im-
pedances of the load represented by the
class C plate circuit and the impedance
of the AC power source, which is the mod-
ulator tube, or tubes, must be matched to
each other if the AC voltages and cur-
rents are to exactly double and then
neutralize the constant DC voltage and cur-

rent, which represents the unmodulated
plate current input power to the class C
amplifier.

Efficiency Modulation: The average plate
efficiency must increase 50 per cent during
complete modulation of an efficiency modu-
lated RF amplifier, and the plate peak effi-
ciency can never exceed 100 per cent; hence,
the unmodulated plate efficiency must be
less than 50 per cent.

Efficiency modulated amplifiers include
practically all forms of grid modulated am-
plifiers, whether they are modulated by
variable excitation, in which case they are
usually termed “linear amplifiers,” or
whether they are modulated by variable
grid bias, in which case they are called
cgrid bias modulated ampliflers.”
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Grid Bias Modulation: When the axis
of the AC grid excitation voltage is shifted
by the audio-frequency modulating volt-
age, it is termed grid bias modulation. If
the control grid of the modulated tube
draws any DC grid current, then enough
audio must be supplied from the modulator
tube to modulate this DC grid current.
I'requently this current is quite small in
comparison to the DC plate current and a
real economy of audio power can be ef-
fected by grid bias modulation instead of
plate-power modulation. Under certain
conditions, the vacuum tube amplifler can
be operated so that the control grid draws
no DC current, even when most positive,
so that the modulator tube need not supply
any power to effect deep modulation, as the
effective grid impedance is, in that case,
very high. It is poor economy to operate
a RF amplifier control grid wholly on the
negative side of zero bias because the ef-
ficiency of the plate power conversion is
then low, unless high plate voltages are
used together with a tube of exceptionally
high mutual conductance. Most grid-bias
modulated ampliflers operate so that some
DC grid current is drawn, at least on the
peaks of modulation.

Screen Grid Modulation: Practically all
screen-grid tetrodes and pentodes built at
the present time are incapable of complete
and linear 100 per cent modulation when
the AC modulating voltage is applied to
the DC screen voltage.

It is theoretically possible to design a
screen-grid pentode which will allow per-
fect and complete modulation to be ef-
fected by cascade screen voltage modula-
tion, but such a tube has not been built to
date, and even if such tubes were avail-
able, the use of two cascaded efficiency
modulated stages would not be economical.

Suppressor-Grid Modulation: Suppressor-
grid modulation is used quite extensively
among amateurs in the United States. TIf
some means can be found to increase the
unmodulated plate efficiency around 40 per
cent, suppressor-grid modulation should be-
come universally acceptable, because it is
probably the least critical modulation
method of any in regards to adjustment.

Summary of Efficiency Modulation: In
all known efficiency-modulation systems,
the plate power input must remain con-
stant, if linear modulation is desired. The
unmodulated plate efficiency could be about
doubled if it were possible to make some
form of grid-modulated amplifier release
its own additional plate input from the DC
plate supply source during modulation.

In general, efficiency modulation is char-
acterized by the fact that it is rather dif-
ficult to adjust without the aid of an oscil-
loscope; there is also some question as to
whether it i8 more economical to employ
a large tube operating at 35 to 40 per cent
efliciency and a minimum of audio equip-
ment, or to use a small high-efficiency class
C amplifler stage together with extensive
modulator and power supply apparatus.

Class AB Audio Considerations: The best
lond impedance for class ADB tubes is
difficult to calculate accurately. As in class
B, for a limited grid voltage the output
power will be greatest when a plate load
is chosen such that the product of plate
voltage swing and plate current swing is
a maximum, for maximum power with
minimum distortion, the load resistance will
decrease as the driving power is increased.

In other words, with greater driving
power the plate current swing on the
output tube can be increased and greater

power output will consequently be devel-
oped across a lower load. This again is
governed by the peak current which the
plate supply can deliver. It is not good
practice to place a low load resistance in
the circuit if the plate supply regulation is
poor. This and the foregoing factors are
of more or less importance, depending upon
the magnitude of values in the particular
design. However, a general method of de-
termining load impedance for push-pull
tubes where the grids are not driven very
positive is shown in IFigure 1, applicd to 845
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Method of graphically computing proper load
impedance {see text}.

tubes. The published plate characteristic
must be obtained and an operating voltage
En selected. A vertical line is erected at
6E» and the Ec 0 line is extended to
meet it. A line is then drawn from the
intersection to Eu The slope of this line
multiplied by 4 is the proper plate-to-plate
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FIG. 2—A-prime 845s used for high level plate modulation.

load. 1In
equal to
1250 — 750

400

If the grids are driven sufliciently posi-
tive to make the normal output about four
times that of a single class A amplifier
with the same tube, this value of load im-
pedance will have to be reduced about 20
per cent. If the plate supply regulation is
better than 10 per cent, this load imped-
ance can be reduces] another 5 per cent. In
the case shown, this would mean an effec-
tive plate load of 3750 ohims. The recom-
mended RCA value is approximnately this
value.

The calculation of maximum

the example drawn this load is

X 4 5000 ohins.

power out-

From a summary of the above notes it
will be seen that AB amplification is a sys-
tem lying between class A and class B;
high biased near cut-off. Not all tubes are
suitable for this class of service. Those
most applicable are the 42, 245, 2A3, 250,
815, WIS, 2834, 212D and E, and $49.

Class B Audio Considerations: l‘or ob-
taining high quality amplification from a
class B amplifying system requires the con-
sideration of the following precautions:

(1) The driver stage must be able to
supply about two or three times the actual
power required to drive the grids of the
class B stage. This reserve power is nec-
essary so that the driving voltage shall
have good regulation under the variations

put is given herewith: in the load represented by the class B
T R 1 to: grids. In general, the driver output should
le power is equal to: be from 5 to 15 per cent of the class B
Max. plate current x plate voltage stage.
> - - —— — — -
! 5 (2) The class B input transformer must
have sufficient step-down so that the driver
As shown in IFigure 3, this gives load impedance never goes below the plate
10 X 1250 impedance of the driver tube, when the
———— — 100 watts class B grids are most positive. It follows
5 that less step-down is necessary when the
LS-18 845 2% | 559 4, RF INPUT
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FIG. 3—The 849 bias should be adjusted so that the no-signal plate current is 40 M.A. per tube

for class A-prime operation, or 10 M.A. per tube for class B operation.

Other constants are

not altered.
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class B tubes have a high grid impedance.
By the same token, the choice of the driver
tube with a low plate impedance, such as
the 15, 50, 2A3, 2B6, and 42 triode, is nec-
essary for minimum step-down ratios.

(3) The load impedance into which the
class B stage works must be fairly high
in comparison with the plate impedance of
the class I3 tubes. The actual value of load
impedance is not especially eritical, and for
practically all common tubes it can be be-
tween 5,000 to 20,000 ohms plate-to-plate.

When the plate load impedance of a class
B stage is varied, the following action oc-

curs: As long as the load impedance ex-
ceeds the statiec plate resistance of the
tube, an increase in load impedance will

improve the quality by reducing the har-
monic distortion; in addition, the power
output will be reduced for a given grid ex-
citation, and therefore more energy will
be required for the same power output, with
higher loads. The plate efliciency in-
creases as the load impedance is increased,
so that more output can be delivered for a
fixed plate loss by merely augmenting the
grid drive. However, as the load imped-
ance and the grid drive are increased, it
is necessary to raise the plate voltage to
prevent the maximum grid voltage #rom
exceeding the minimum plate voltage, at
the peaks of the grid drive.

(1) The two halves of the circuit must
be accurately matched. Because each
class B tube works for only half the cycle,
it is essential that they receive exactly the
same driving voltage and that they each
draw the same plate current in the rest-
ing condition. No two tubes will maintain
their characteristies for any length of time
and it is essential that individual bias ad-
justments be provided so that the stage
can be balanced. This precaution is only
applicable with other than zero grid-bias
tubes, which include the 46, 59, 19, 49, 89,
53, 79, NCI3, RK21 and 838.

(5) The plate power supply must have
good voltage regulation bhecause the plate
current varies quite widely with the grid
drive. Any variation in plate voltage with
changes in plate current will ecause am-
plitude (harmonic) distortion, and is to be

avoided. T.ow resistance windings on the
power transformer and filter echokes are
essential. The use of a saturated, or swing-

ing, input choke helps to Keep the output
voltage constant with variation in current.
Mereury-vapor reetifiers have an inherent
voltage drop that is independent, to a great
extent, of the load current, and thus cause
no sacrifice of regulation, as is the case
with thermionic rectifiers,

g so
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- ORID VOL.'TS
FIG. 6 FIG.7
(6) With certain tubes, notably some

makes of 210s, 203As, 211s, 800s, 204As and
849s, it is essential to take precautions
against dynatronic distortion (see Iigure
6). This type of distortion occurs when a
stage starts to oscillate on the peaks, which
gives rise to a rasping effect which greatly
impairs the quality. This tendency toward
oscillation is caused by a ‘“dynatronic kink”
in the grid characteristic of the tube: it
can be “swamped-out” by placing 50-ohm
parasitic resistors in each grid lead, com-
bined with 5000 to 20,000 ohms shunted
across each half of the input transformer
secondary. Sometimes it is even necessary
to shunt each side of the input transformer
with .0001 ufd. condensers.

It is common practice to consider the
average or effective audio power necessary
to 1modulate 100 per cent, but the peak
audio power is the correct accounting fac-
tor. \When the peak andio voltage and
power reaches a value equal to the DC
input voltage and power on the modulated
amplifier, 100 per cent modulation is at-
tained. The average audio power at this
point is of a value that is not known un-
less the wave form of the audio is known.
The wave forms of voice or music are very
complex and the effective power in them is
mueh less than in a sine wave of equal
peak voltage, although the peak voltage and
peak power are the same. Because direct-
current meters read average values, it is
difficult to determine when the peak cur-
rent has reached the correct value for 100
per cent modulation, the average values
for voice and music being lower than for
a constant sine wave input. The averag
audio power with a sine wave of constant
amplitude necessary to modulate a carrier
100 per cent is 50 per cent of the DC input
to the class C amplifier. But, with voice or
musie. the average power necessary is con-
siderably less.

The shaded areas of IFigures 4 and i show
the average power in two different wave
forms of equal peak voltage and power.
Figure 4 shows the power in a pure sine
wave with no harmonies. Tigure 5 shows
the power in a wave of the same funda-
mental frequency with a strong second har-
monic. The aggregate or combined peak
power of the wave is equal to that of
Tigure 4. but the average power over the
entire cycle is much less.

The illustrations indicate that under cer-
tain conditions the output from a given
tube or tubes is greater with a normal voice
input than one having a constant tone.

Because the “saturation plate current” is
the value flowing on peak audio swings
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FIG. 8—203A operating characteristics.

during maximum output. further excitation
will cause distortion. However, by increas-
ing the plate voltage and load impedance,
the power output can be raised up to such
factors as that which limits the insulation
of the tube terminals and the stem seal.
Tubes with the plate-lead coming out of
the top are ideal, as the plate voltage can
be increased to a high value, resulting in
higher audio outputs.

The grid voltage and grid current char-
acteristics of a tube are the most important
insofar as the quality or fidelity of the
class B amplifier is concerned. When the
grid goes positive, grid current flows, and
if this curve is a straight line, little trou-
ble will be encountered; however, such is
seldom the case. As the grid becomes more
positive, the 2rid current rises more rapidly
until finally the grid current curve becomes
ahmost vertical. Some tubes have a nega-
tive grid current slope such as shown in
FFigure 7. This gives rise to transient ox-
cillation of the dynatronic variety and oc-
curs only during a portion of the audio
cyvcle. These parasitic oscillations cause a
sort of *“fuzz" to appear on the output.
They can be analyzed only with the aid of
a cathode-ray oscillograph; the transients
are too fast to be recorded on galvanometric
mirror type. In practice, the type 203A tube
nusually produces the spurious oscillatory
effect; it can be reduced by placing a small
capacitor (0.0001 ufd.) from grid to ground
of both tubes, or by incorporating some
scheme of neutralization.

Apparently it would seem that a tube of
high amplification factor would be the most
appropriate tube for class B service, due to
the lower value of excitation voltage neces-
sary, but actually more power is required
to excite a pair of 203As to 200 watts out-
put than a pair of 211s. The grid current
rises to a higher value and there is a
greater grid loss in the 203A type than
in the 211. Of course, the C bias supply
for the lower-mu type of tubes must he
siven consideration. Owing to the much
lower grid current surges, the C bias sup-
ply can be of a type of small power supply
employving an 83 rectifier, whereas if the
' bias supply were to be used on 203As, it
would have to maintain a constant of 30

volts at current changes as high as 73

milliamperes. Practically the same power
output can be obtained with any of the
100 watt type tubes, such as the 2034, 211,
843, provided the proper excitation is ap-
plied. The high-inu types require lower
excitation voltage, but better voltage regu-
lation of the driver output is needed. The
low-mu type tubes require more excitation
voltage, but because ot lower grid current
the source does not need such good regula-
tion. The tubes of medium-mu are usually
the best, all points considered.

The Transformers: Many types of audio
distortion can be produced in a class B
amplifier if the transformers have been
improperly designed. The input trans-
former must deliver perfect quality to the
class B grids, even though the grids are
drawing current from 2zero to maximum
during any one audio cycle. The grids of the
class B tubes offer a load that fAuctuates
from infinity down to several hundred ohms.
It is therefore requisite that the input
transformer supply a perfect reproduction
of the signal wave-form without distortion,
even though the load is of a varying char-
acter.

The driver must be capable of delivering
suflicient power to miaintain the grid volt-
age swing with the current of the class I}
tubes flowing through the secondary of the
input transformer; furthermore, the sec-
ondaries must have a very low DC resist-
ance so that the bias on the class B tubes
does not vary appreciably with the grid
current, This fault is common with most
input transformers. All these points must
be maintained with a tair degree of con-
stancy over the entire frequency range.

The coils must be designed so that the
primary has identical relationship with
both halves of the secondary. The capacity
and the leakage reactance must be the same
for the primary and each secondary. It
these precautions are not taken, the wave
form of the voltage supplied to the class
B grids is not the same for each grid and
distortion of the wave form occurs, giving
rise to harmonic distortion.

The input transformer must have a step-
down ratio of such a value that the signal
voltage applied to the class I3 grids is just
sufticient to give the required output. Thix
improves the regulation of the driver out-
put voltage.

Most output transformers are designed to
carry the current of the modulated stage,
but this practice is not advisable if the
best quality is to be had.

When the secondary is made to handle
high currents, a large air gap in the core
is necessary to prevent saturation. This,
in~ turn, necessitates increasing the num-
her of turns on the coils, which increases
the DC resistance, the leakage inductance.
and the distributed capacity to a point
where the frequency response is impaired
over a large portion of the frequency spec-
trum. When the secondary carries no D",
the core can be assembled without an air-
gap, resilting in much better quality and
greater output.

It is very important, however, when this
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practice is followed, that the tubes have
like characteristics and are adjusted to
identical static plate currents, The output
of a single tube working class B consists
essentially of a fundamental and a series
of even harmonics, chiefly the second har-
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u,::f”' 20,000% 930B aow PUTPUT
4&\ —
| 10w |
- < = oo | -
=l T~ woov 1
2A3 p=
pp——giillo—— M }
DRIVER & N\ L | -
2 I AL = | 'I
T oon | -
Ea— 1000V 40w I
% 1
9308 ‘v
C=33v + 1000V

150-200 watt class B modulator with 930-8B
tubes in push-pull

monic, If two tubes are properly balanced
in a push-pull circuit, the output will be
free from even harmonic distortion. A cor-
rectly designed output transformer has a
core of such dimensions that the flux den-
sity at peak plate current will be close to

the upper bend of the II & H curve, in
other words, close to saturation. Unless

this is done, the incremental permeability
will fall to a very low value for low per-
centage modulation, with a resulting loss of
low frequencies. The unbalanced plate cur-
rent will swing the iron through different
ranges of flux density on alternate half
cycles, producing high amplitude harmonics.
These harmonics can produce severe over-
modulation and cause the carrier to ‘*‘splat-
ter” over a wide frequency band, even
though the fundamental frequency is mod-
ulating less than 100 per cent.

In a class B circuit only one tube con-
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FIG. 10—Characteristics of a class B amplifier
using push-pull 801 tubes.

ducts at a time, so it is assumed that one
tube isx supplying all the power during one-
half cycle and the other tube is supplying
no power. The rated safe plate loss aver-
aged over any audio-freyuency cycle is 20
watts. which is a conservative value, Con-
sidering that either tube is supplying no
power one-half of the time, the plate loss
can be increased to double the rated value
during the half cycle it is working. This
would mean an average loss during the
half cycle of 40 watts. The maximum lass
does not occur at maximum plate current
but usually near zero urid voltage, so that
the plate voltage, plate current curves of
the tube must he consulted to determine
the average plate loss. The average plate
loss of the 801 is computed from the curves

930-B (or 830-B) modulator shown in diagram above.
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supplied by the manufacturer. The plate
supply voltage is 750 volts, and the peak
or maximum plate current is 250 MA. The
plate losses for the different grid voltages
are given below:

Average loss 36.2 over one-half cycle or
18.1 watts loss over the whole cycle. This
leaves some margin of safety below the
rated 20 watt dissipation. Using the equa-
tion.

Ip MAX® R = POnux,
where R, represents the load impedance,
and Ip MAX, the peak plate current.

With the peak plate current of .250 am-
pere and a load of 2500 ohms, the result is
156.2 peak watts, or an effective power of
78.1 watts, which will modulate a DC input
into a class (' amplifier of 156.2 watts,

This output is possible with a pure sine
wave of constant amplitude and with the
tubes operating below rated plate loss, con-
sequently, with normal voice or music input.
the average or effective power being less
than with constant sine wave input, the
peak power can be increased to a value
where the averagze plate loss is equal to the
rated value. It must be understood that
when operating tubes under these condi-
tions the input to the amplifier should be
normal speech or music, not sustained notes
of appreciable duration and high amplitude,
which would ciause an average plate loss
above the rated value.

Class C Amplifier Load Calculations: The
correct terminal or output impedance of a
class C amplifier is important for plate-
modulated phone transmitters. A class B
modulator must be matched correctly to
the stage being modulated and the output
transformer secondary to primary turns
ratto is the method generally used. For ex-
ample, if the class C stage is operating at
400-volts plate supply and drawing 110 MA.
under load. the impedance to the modula-
tor is 400/.110, or about 3600-ohms. The
elass 13 transformer then, must have a
turns ratio such that this value of impe-
dance will be correctly transformed for the
class B tubes. This impedance ratio varies
as the square of the turns ratio, hence, if
the class B tubes work into a
5800-ohm load (class B 46

ohnts from plate to plate: 20000/6800 = 2.94
impedance ratio, with a turns ratio of
VZ.494, or approximately 1.7 to 1 step-up
turns ratio. The secondary in this case
would have 1.7 times as many turns as
the whole primary winding.

25-Watt 160 Meter Phone Transmitter:
Two typical 160 meter phone transmitters
for newcomers are shown on these pages.
In the illustration below, a 53 or 6A6 push-
pull oscillator drives a pair of 13s in the
final amplifier. The circuit diagram is
shown in Iig. 12. Approximately 25 watts
output is delivered by the tinal amplifier.
These transmitters should be used only on
the 160 meter band.,  If they are to be op-
erated on the higher frequencies, a buffer
stage should be added. The coil winding
data for the oscillator is the same as that
shown for the single 53 push-pull c-w
transmitter described in the c-w chapter,
i. e. 60 to 70 turns of No. 22 DSC wire,
close wound and center-tapped, on a 1Y%-in.
dia. plug-in coil forni. The larger plug-in
forms, 214 -in. diameter, can also be used,
but rewer turns will be required. 55 turns
of No. 22 DSC close wound will suffice.
The oscillator coil should be tuned with
a 100 nunf. or 1530 mmf. condenser. A rea-
sonable amount of “("’ should always be in
use. Remove turns from the coil and in-
crease the tuning capacity, so as to give
a certain amount of lee-way in adjusting
the 160 meter circuit,

Link coupling is used between the oscil-
ltor and the amplifier. The coupling loops
have two turns each. One of the 2-turn
loops is coupled around the center of the
oscillator coil, the other around the lower
c¢nd of the amplifier grid coil. The circuit
shown at the bottom of page 155 (Ifig. 13)
uses a 47 crystal oscillator, link coupled
to a pair of 45s in the final. It is just as
satisfactory as the circuit shown in Fig. 12.
From 60 to 70 turns of No. 22 DSC, close
wound on a 1¥%-in. dia. coil form is suitable
for the oscillator coil winding. The final
amplifier plate coil has 54 turns, tuned
with a 100 mumf. or 150 mmf. condenser.

tubes), the output transformer
must step-up the 3600-ohm
load to 5800 ohms. The im-
pedance ratio is 5800/3600. or
1.6. The turns ratio would be
the square-root of 1.6 or 1.26,
and the output transformer
would require a step-down
turns ratio of 1.26 to 1 into
the load.

Quite often the class C load
is higher in value so a step-up
ratio is needed in the output
or modulation transformer.
For example, a class C 50T
tube operating at 2000-volts
plate supply at 100 MA, The
impedance is 2000/.100, or
20,000-ohms. The class B audio
power required is 1% X 2.000
X .1 or 100 watts, This power
can be obtained from a pair

of RIK31 tubes at 1000 volts
plate supply. These tubes re-
quire a load of 3400-ohms

per tube or a total of 6800-

| .

FIG. 11—160 meter phone, 53 or 6Ab6 and two 45s. See

Fig. 12 for circuit.
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47-46-210 Phone—25
to 50 Watt Carrier

This is a standard low-power transmitter
for operation on 160, 75 or 20 meters. It

is extremely simple to construet, The COW,
portion of the transmitter should be con-

structed first. It is pre-requisite that the
46 and #10 stages be both perfectly neu-
tralized,  Next, the audio channel can be
constructed and tested. The test simply
consists of energizing the amplifier by
either phonographic or radio program ma-
terial; during the procedure the output ter-

-210

This is perhaps one of
the most popular and
desirable radio tele-
phone transmitters, See
coil  winding  data for
47-210 transmitter in
c-w section, These
values are also suitable
for the coils in the 350V
circnit above.

Conventional phone transmitter of standard design.




AAA

AAA |57

minus R-13 should be shunted with a pair
ot headphones for aurally detecting the
fidelity and over-all response. The audio
modulation should not be applied to the
plate supply of the class C 210 stage until
both portions of the transmitter are work-
ing 100 per cent. The plate currents, read
at the various plate current telephone-jacks,
must remain constant during modulation,
with the exception of the modulator plate
current read at jack J6. The speech ampli-
fier has ample gain to work out of the aver-
age double-button carbon microphone. It
any of the low-level microphones are used,
a pre-amplifier must be added and coupled
to T1 in the conventional manner.

Legend for 47.46.210 Phone circuit on
page 156,

R1—25,000 ohms. R2—30,000 ohms. R3—15.000
ohms. R4—200,000 ohms (tapered pot.). R5—100,-
000 ohms. R6—2,500 ohms. R7—100,000 ohms.
R8—10,000 ohms.  R8—500.000 ohms. R10—2,500

ohms. R11—5,000 ohms. R12—200,000 ohms. R13—
100,000 ohms, 10 watts. R14--~30.000 ohms, 100
watts. C1, C2, C7, C€8—.001, C3, C4, CS, CS.
C8—100 mmf. C10—35 mmf. double spaced. C11—
50-70 mmf. double spaced. C12, C13—.006 mica.
C14, C15—350 mmf. single spaced. C16—'"z mfd.
C17 to C22—Any value from '2 mfd. to 2 mfd. C23—18

mfd. 450 v. (2-8 mfd. units in series). T1—Mike-to-
grid transformer. T2—Plate to push-pull grids. T3—
Class A-prime output. 1.25-to-1 step-down CH1

15 henrys, 200 MA. CH2—30 henrys, 75 MA. Two
power transformers are required, one §50 to 800 v.,
arte 1200 to 1400 v., center-tapped.

Radiotelephony

Battery Operated Phone: Many amateurs
who reside in localities where no electric
power is available will find this transmitter
of inestimable value. The construction is
such that the transmitter will operate on
both 80 and 160 nieter bands. The carrier

output is about 2%-watts with 135-volt
plate supply, and distances over several
hundred miles ean be attained when there
is a minimum of QRM.

Circuit Details: The circuit is quite con-
ventional and the designer will not en-
counter any ditliculties in wiring and as-
=embling the various components providing
the arrangement, as shown in the photo-
araph, is followed.

For 160-meter operation the oscillator
and grid coils are wound with 72 turns of
No. 22 DSC wire, close wound on a 1%-inch
diameter form. The plate coil is wound
with 44 turns of No. 18 DSC wire on a 21 -
inch diameter plug-in coil formn. The two
smaller coils are center-tapped.

For 80-meter operation the two smaller
coils are center-tapped and are wound with
No. 22 DSC wire on a 1%-inch diameter
form, 30 turns about 1% inches long. The
plate coils uare wound with No. 16 enameled
wire on a 2% -inch form with 28 turns about
2% inches long. The plate coils for either
band must sometimes be either shortened
or lengthened slightly for certain antenna
characteristics.

#The oscillator grid leaks are not critical
in value; 30,000 ohm 1-watt resistors give
about the same or slightly more output
than those values indicated in the wiring
diagram.

Because of IFederal regulations, an over-
modulation indicator monitors the modula-
tion quality. The improper condition is
denoted by the slightest deflection of the
meter needle during modulation. Talking
in a lower voice or at a greater distance
from the microphone, will prevent over-mod-
ulation when trouble is experienced from
this source.) The RF pick-up coil is loosely
coupled to the antenna c¢oil by means of
flexible leads.

The transmitter is adjusted in the con-
ventional manner or by following the in-
structions given in the sub-topic heading
“Transmitter Adjustments.”

The complete

battery operated phone and

modulation indicating device.
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Circuit diagram of the 2!4 watt battery operated phone.
Class B input transformer, about 3-to-1 primary to each secondary.

B+ 135V

TI—Mike-to-grid transformer. T2—
T3—Class B output trans-

former for 19 tube to 6,000 ohm load.

The antenna eircuit is tuned by connect-
ing any fairly long antenna wire and ground
or counterpoise to the antenna conneetion
and ground, and by varying the 350 and 140
uufd. tuning condensers. The 140 uufd.
condenser is always tuned for minimum
plate current; heavier antenna load in-
creases the minimum reading.

Notes: The No. 14 gauge aluminum
grounded shield, shown in the breadboard
transmitter, prevents RF feedback into the
grid or oscillator circuit and isolates the
modulator apparatus. Some of the small
parts are under the breadboard: the di-
mensions of the latter are 16 in. x 11 in. x
1 in. Isolantite sockets are used through-
out; bakelite sockets may be substituted
with a slight saerifice in efliciency.

The daylight range of this phone trans-
mitter is limited to a few miles, due to the
low power output.

wound on a 1%-inch diameter form. The
plate eoil is wound with 44 turns of No.
18 DSC wire on a 2%-inch diameter plug-in
coil form. The two smaller coils are cen-
ter-tapped,

Icor S0 meter operation the two smaller
coils are center-tapped, and wound with No.
22 DSC wire on a 1l%-inch diameter form,
30 turns about 1% inches long. The plate
coil is wound with No. 16E wire on a 2%-
inch diameter form, with 28 turns about
214 inches long., The plate coils for either
band must sometimes be “pruned” slightly
for the correct number of turns for a given
antenna.

The 14 gauge aluminum grounded shjeld,
shown in the breadboard transmitter, pre-
vents RI® feedback into the grid or oscil-
lator circuit and isolates the modulator ap-
paratus. Some of the small parts are un-
der the breadhoard. The dimensions of the
oak baseboard are 16 inches x 11 inches x 1

inch. Isolantite sockets are used through-
Coil Winding: TIor 160 meter operation out. Good hakelite wafer sockets can also
the oscillator and grid coils are wound be used, with only a slight sacrifice in
with 72 turns of No. 22 DSC wire, close- ethieicncey.
Typical Readings for 80 and 160 meter operation
Efficiency
Carrier Final
Meters B. Dat. 1. Osec. I Grid, 1. Amp. Output  Amplifier
160 138 16 [ 23 2.6 4%
80 138 15 i 23 2.4 4%
80 185 20 N 30 4.5 8$0%

(=0
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Table Showing Audio Output of Modulator Tubes

Audio Power  Type of Tube Class Driver Tube
4 watts 1—2A5 or 42 A 56, 57, etc.
Plate Volts 3y 1250 A 56, 27, 134, etc.
400 25 W. 2—46s or 595 or 535, PP. 8 PP 45s
40 W, 4—A46s in push-pull Par. -] PP 2A3s
| s I Pust 7 RAE )
4.6 W. 1--250 A 56 or equiv.
Plate Volts 75w 22505 in push-pull A 56 or equiv,
450 30W. 2—46s, etc., push-pull 8 PP 45s
| 50w. 4—46s, etc., push-pull Par. 8 PP 2A3s
| 5w 1—250 A 56 or equir.
Plate Volts 75w. 1—845 or WE284A A 210 or 45
| 35w 2-—210s or 841s. PP. ) PP 45s
500 oW 2—46s. pp. 8 PP 455
| 80 W. 4-—46s. ppp. 8 PP 2A3s
4.5W. 1—WE211D or E A 210 or 45
Plate Volts "3y 1845 or WE284A A 210 or 45
600 30 W. 2—250s. PP, AB 45 or 250
a0 w. 2—210s or 841s. P2, B PP 455
55W. 1—RK18 or WE211E A 56 or equiv.
6.%5 ‘V'VJ %.:28‘}115 or WE242A ﬁ 56 or eq:i;.
| low. 210 or
Plate Volts 19\ 1—WE284A A 210 or 45
750 50 W. 2—-210s or 841s. PP. 8 PP 2A3s
70 W. 2 RK18s or 801s 8 PP 2A3s
75 W. 2—WE211D or E, push-pull -] PP 2A3s
S0 W. 2—50Ts, push-pull [:] PP 2A3s
85W, 1—RK18 A 56 or equiv.
10 W. 1—354 or 1507 A 210 or 45
low. 1—211 or WE242A A 210 or 45
15 W. 1845 A A 210 o 45
25 W. 1—WE284 A 10 or 45
Plate Volts| 45w 2—930s in push-pull AB PP 455
1000 |100w. 2—800s, push-pull 8 PP 2A3s
100 W 2——WE211D or E, push-pull 8 PP 2A3s
150 W 2 50Ts 8 PP 2A3s
175 W 2—WE284As or 845s AB PP 2A3s
200w 2--203As, 838s, or 211s 8 PP 2A3s
250 W. 2—150Ts, HF200s or 534s B PP 2A3s
18W 1211 or WE242A A 210 or 250
30w 1—845 A 210 or 250
30w 1—WE284A A 210 or 250
106 W. 2—800s in push-pull 8 PP 2A3s
Plate Volts{ 125w 2—WE284As in PP. AB PP 2A3s
175 W 2—50Ts B PP 2A3s
1250 |200w 2—211s or WE242As. PP, 8 PP 2A3s
225 W. 2—203As or 838s -] PP 250s
225 W, 2—845s in push-pull AB PP 2A3s
400 W 4—203As, push-pull parallet B PP 2A3s
275 W 2—150Ts, HF200s or 354s B PP 250s
35W i—vd'z(%%o A 210 or 250
75 W — 203A or 211
Plate Volts| 165y 2__50Ts. PP B PP 2A3s
1500 |240w 28455, push-pull AB PP 2A3s
350 W. 2—WE?212Ds in push-pull AB PP 250s
350w 2—150Ts, HF200s or 3545 8 PP 2A3s or 250s
$/87.5W. 1—HK255 A 203A or 211
Plate Volts/g%.>W. 23545, HF200s or 150Ts B PP 2505
1750 400 W 2—WE212Ds in push-pulf B PP 845 or equal
35w 1—354, HF200 or 150Ts A 210 or 45
0w 1—204A A 210 or 45
60 W. 1—849 A 210 or 45
| 100 w. 2—354s, HF200s or 150Ts A 210 or 45
Plate Volts 100 w: 1—851 A 210 or 45
[ 100 1—HK255 A 203A or 211
2000 500w 23545, HF200s or 150Ts,
push-pull 8 PP 250s
500 W. 2—204As in push-pull 8 PP 845 or equal
600 W. 2-—849s in push-pull -] PP 845 or equal
Pl Vol | 600 w. 2—204As in push-pult 8 PP 845 or equal
ate Volts 0o w. 2—849s in push-pult 8 PP 845 or equal
2500 600 W, 2—150Ts, 354s or HF200s
| in PP, [:] PP 250s or equal
| 750 W. 2—WE270As, push-pufl -] PP 845 or equal
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75-Watt Modulator: More than 75 watts
of andio output power is supplicd by the
unit described herein. This power is suffi-
cient to plate-modulate a 211 or 203A op-
eruting at 1000-volts with 150 to 160MA of
plate current. The device will economically
madulate an input of at least 150-watts, or
will fully modulate a 100-watt carrier at
100 per cent.

The advantage of using four 16s, rather

watt resistors must be inserted in series
with the plate leads to prevent parasitic
oscillation,

If the microphone is of the diaphragm-
crystal-type, the input transformer should
be eliminated and the first 57-tube con-
nected as a high-gain pentode with a 250,-
000 ohm plate-resistor, 2 megohm series
screen resistor and a .1 ufd. by-pass. and
a 3500 ohm cathode resistor. The input

75.watt class B modulator for modulating any class C stage with inputs up to 150 watts.

than a pair of 801 tubes in this class B
audio circuit, is in the lower cost. No C-
bLias is required with these tubes, hence,
only a very modestly-priced power supply
is neceded.

should be shunted with a4 3 or 5 megohm
resistor, as well as being fully shielded.
The cases of the transformers, the vol-
ume control mounting bracket, and either
center or one side of the input transformer
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Technical Details: The 20,000 ohm grid re-
«istors across the input class B transformer
provides a more constant load to the driver
stage. The .001 1000-volt mica condensers
across each grid to ground tend to prevent
high-frequency oscillation under conditions
of high input. In some cases, 40 ohm 10-

Complete circuit diagram of the 75.watt
modulator. Ti—Double button mike-to-grid
transformer. T2 — Interstage transformer,
2-to-1 ratio. T3—Class B input transformer,
2A3s to 4bs. T4—4-46s class B output, or
tapped 210 class B output transformer.

must be grounded. In cases of audio-fre-
quency feedback, it is suggested that the
transformer connections be reversed. Often
the input transformer and tube must be
double-shielded to prevent RF feedback or
hum pick-up.

QOther than the power supply filter, addi-
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tional filtering is given to the 2\ stage

by means of a =enmi-variable 50-watt 2000-
ohm resistor and another 600-volt § ufd.
condenser. The voltagze at this point is
between 825 and 350 volts. Further fliter-
ing in the form of a 20,000 ohm 5-watt
resistor and an N ufd. condenser is imposed
on the two 57 stages. This in effect gives
three sections of filter for the first two
stages of hum-frce audio amplification.
Triode 47 stages give more gain than 56
stages.

The amplifier baseboard is 21 in. x 11 in.
x 1 in. with a cleat at each end so that
resistors, wiring and terminal strips can
be mounted underneath. The power supply
baseboard is 20 in. x 8§ in, x 1 in.

The total plate current drain is about
150MA at 500 volts with no speech input,
and on speech peaks the meter should not
read more than 3003\, By exercising
these precautions, the 46 tubes will never
operate at more than about 160MA on voice

Power supply for 75-watt modulator.

input. On a steady sine wave tone input
the plate current may increase to a total
value of 350 to 100MA for the same peak
power output.

-——

1OVAC

T Y
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T1.56s to class A-prime
45s. T2—Class A-prime
45s to 838 class B in.
put. T3—250 watt class
B output.

Complete circuit diagram of the 838 modulator for crystal mike operation.
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Practical Grid-Bias Modulation

The economical tactors entering into the
carrier powers obtained from either a bias
or high-level plate-modulated transmitter
are approximately equal. The reason may
be attributed to the fact that certain tube
combinations happen to work better for one
or the other two systems of modulation.

The most outstanding feature of a bias-
modulated transmitter (see the fundamental
circuit shown in Figure 2) is that a mini-
mum of audio equipment is required, in
comparison to a plate modulated transmit-
ter of the same power output. This is an
invaluable featurce for anyone who spends
the greater part of the time operating on
C.W. Instead of having over half the trans-
niitter idle, as when working C.\W. with a
plate modulated phone, less than 10 per
cent remains inoperative when the bias-
modulated transmitter is used for this class
of service.

interval during which the plate current
flows must remain constant, regardless of
the percentage modulation. This condition
is fulfilled only when the fixed bias is ex-
actly equal to the cut-off value. However,
while fixed cut-off bias is entirely workable
for a class B linear amplifier, which is am-
plifying a wave which was modulated in
some preceding stage, it cannot be used in
a grid modulated amplifier because the op-
erating bias must always exceed cut-off by
an amount equal or greater than one-half
the audio signal voltage, in order to keep
the negative halves of the RF excitation
cycles from ecrossing the cut-off point dur-
ing modulation.

Fundamentals of Grid-Bias Modulation:
Grid modulation is characterized by the
fact that very little audio power is neces-
sary to modulate the grid bias of an RI’
amplitier. However, the complexity of ad-
justment in the older systems has pre-
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Several different types ot grid bias mod-
ulation systems have been brought forward
in the past vears, but only one bias system
has proved itself capable of complete, linear
and symmetrical modulation; this is the
Hawkins class BC bias development which
is characterized by a constant angle of plate
current flow. See Figure 1. The most
practical test for linearity of any bhias mod-
ulated amplifier is to determine whether
or not the average plate current remains
absolutely constant for all percentages of
modulation up to 100 per cent. The class
BC amplifier is the only one, at the present
time, which fulfills this requirement.

Amplitude or harmonic distortion ocecur-
ring in other systems manifests itself bhe-
cause the average value of plate current is
not proportional to the peak value of the
same current during modulation. As the
grid swings more positive (during modu-
lation), plate current flows during a longer
time interval, and as the grid goes more
negative, plate current flows for a shorter
time interval than when the bias is unmodu-
lated. For distortionless modulation, the

t'sually terrific distortion and over-modula-
tion followed most attempts to obtain the
combination of 100 per cent modulation
capability and high plate efficiency.

When audio modulation is used the radio-
frequency carrier has two sidebands which
carry the transmitted intelligence. Mathe-
matiecs shows that one-third of the power in
a completely modulated signal is contained
in the two sidebands, while the other two-
thirds consists of the carrier. Thus the
problem which faces the builder of a phone
transmitter is to increase the power output
of the transmitter, during modulation, up
50 per cent for complete modulation. This
additional power must be released in exact
accordance with the variations in sound
pressure which the operator's voice im-
presses on the microphone.

The source of power that increases the
carrier output when the biased-modulated
amplitier is modulated is explained as fol-
lows: The fundamental nature of a
vacuum tube amplifier might be defined as
a device which converts DC (plate power)
into AC (RI® output) power: but, since the
conversion process is never 100 per cent
eflicient, it must be coneluded that the dif-
ference between the plate input and the
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power output energies are dissipated from
the plate of the tube in the form of heat.
The eflficiency of a vacuum tube amplifier
depends on numerous factors which vary
widely for different types of amplifiers, If
a given amplifier is, for example, 25 per
cent eflicient under u given set of condi-
tions, it will have a certain power output.
By maintaining a constant DC plate input
to the amplifier and by changing some of
its operating conditions, it is possible to in-
crease the average plate efficiency 50 per
cent by swinging the instantaneous plate
etticiency ‘between zero and twice the un-
modulated value.

By measuring the power output, it will
he found that when the average plate etli-
¢iency is increased, while the plate input
remains constant, the power output in-
creases one and one-half times more than
its former value. Thus, if some means is
found to cause the plate efficiency to in-
crease 50 per cent, it will be possible to
obtain a similar increase in average out-
put necessary for complete modulation. Un-
der certain conditions the grid-bias voltage
affords this means of varying the plate effi-
ciency of the amplifier.

Therefore all grid modulation systems,
whether they use the control-grid, screen-
grid or suppressor-grid for the amdio con-
trol, operate with constant plate input and
variable efficiency.

In class BC amplitication (see 1'igure
1) the fixed bias is equal to cut-off bias.
This bias should usually be supplied from
batteries. Additional bias approximately
equal to the fixed bias is obtained from a
cathode bias resistor connected in the con-
ventional manner. The extra bias supplied
by the voltage drop through this resistor is
proportional to the plate current and there-
tore to the grid vultage. When the ratio of
grid voltage to this excess hias voltage is
a constant, a condition arises where the
plate current impulses all flow for the samc
time interval, regardless of their peak
amplitude.

In the older bias modulation systems the
distortion increases almost directly as the
ratio of fixed bias to cut-off bias. This
limits any attempt to increase the plate
efliciencies by using higher values of hias
and driving voltagze., However, in the class
BC the total bias may be as high as desired
in search for a higher plate efliciency and
the absolute value of the total bias, and
thercfore the driving power is dictated by
the usual class C amplifier considerations.
A limiting factor in class BC is the voltage
drop across the cathode resistor which rep-
resents a waste of plate volts, as the bias is
increased, There is no objection to driving
the grid of the class BC amplifier to posi-
tive saturation, although extremely high
values of grid current will cause some
slight distortion because the grid current
flows through the cathode resistor. There-
fore the plate voltage should be as high as
the tube insulation and gas content will
allow, so that positive saturation will be
as close to the zero bias line as possible.

The best tubes for class BC amplifler
service are those of medium mu, such as the
210. 211, 800, RKI1S, 242A, 852, 50T, HK354,
and 150T. The high-mu tubes, such as the
N11, 203A, S3013, 46, 838 and the screen-grid

Table of Data for Class BC
Amplifier Operation

RF Unmodulated

Carrier Power  Plate
Tube Type Input Output Loss ”
w w w
210 . ... 25 10 15 8.3
8ol .. .. 33 13 20 8.5
800 . . 60 25 35 15
50T ... 83 33 50 13
211-242A 166 b6 100 12
852 .. . 166 b6 100 12
354 . 250 100 150 13
150T . . 250 100 150 13
212D ... 333 133 200 16
204A 416 166 250 24
270A 500 200 300 16
849 . . 583 233 350 19
851 .. .. 1000 400 600 20
251A 1250 500 750 10.5

tubes have an advantage in that a smaller
cathode-resistor can be placed in the circuit
because less bias is necessary to reach any
given number of times cut-off. However,
the high plate impedance of these tubes
makes their use undesirable because it is
difficult to secure a linear dynamic charac-
teristic. This limits the undistorted power
output.

The low-mu tubes (245, 2A3 or HK25%
have the most linear characteristic, but the
cathode-bias resistor must be so large in
order to get enough bias for efficient opera-
tion that a large proportion of the Dplate
voltage is lost. 1f there are no limitations
to the plate voltage available, the low-mu
tubes will give slightly better results than
the medium-mu tubes, Perhaps the best
single index of merit is the grid-plate trans-
conductance, although this factor of tube
merit is measured under such widely vary-
ing conditions that direct comparisons
should bhe made with caution, except for
tubes of the same general type.

Desigmning the Bias-Modulated Amplifier:
The relationships which ¢xist in the class BC*
amplifier circuit are given below so that the
desizner can calculate the unknown factors
from those already known.

Technical note: The unmodulated plate
efficiency of a class 13O amplifier is approxi-
mately 10 per cent, but rises up to 60 per
cent during complete modulation., The limi-
tation on the output of all bias modulated
amplifiers is the available plate dissipation
ot the tube (or tubes) used in the ampli-
tier.

The known factors in designing the hias-
modulated amplifier are:

(1) 15 = DC plate supply voltage, in volts

(2) Whpiate 1oss rated plate dissipation of

the tube in watts,

(3) ¢ = amplification factor of the tube.

The above factors can be determined from
tube tables and the plate supply voltage
with a high voltage voltmeter. Irom this
information, the designer must determine in
advance all of the unknown factors, in order



164 A AA

The "RADIO" Handbook

AAA

to allow the amplifier to operate properly.
This is the only bias-modulation system
which allows such data to be accurately de-
termined in advance. The unknown factors
which are to be determined from these
shown above are:

(1) Winpue = DC plate
watts, .

(5) Wourput = RFF unmodulated
output in watts.

(6) In = DC plate current, amperes.

(7) Icco = DC battery bias equal to theo-
retical cut-off bias (one-half total
bias).

(8) Rk = cathode bias resistance, in ohms.

The information given above simply de-

scribes the conditions under which the
class BC amplifier wil operate when prop-
erly adjusted. Eceo, which equals the
amount of DC bias equal to theoretical cut-
off at the plate voltage used, is the battery
bias which must be used, and is also equal
to the voltage drop across the cathode bias
resistor. The following formulas define the
unknown factors in terms of those already
known:
(9) Winput = 1.66Whplate loss

input power, in

carrier

(10) Woutput = .66\Wplate loss
1.66 Whpiate lows (1 -+ 1)

(11) Ip = —

uEn

E»
(12) Ieco=
14+ u

~2

lubu
(13) Ri=

1.66 Whplate 1oss (1 4+ u)2

The above formulas are based on 40 per
cent plate efticiency, which can be realized
from any tube operated at, or above, its
rated plate voltage. The class BC ampli-
fler requires closer coupling to the antenna
than is commonly used in CW transmitters.

Note: The class BC amplifier makes an
exceptionaly good linear RF amplifier for
amplifying a previously modulated wave.
It is capable of somewhat better linearity
and plate efliciency than the conventional
class B linear amplifier. The class BC
iinear amplifier ix a modulation-gaining de-
vice because it doubles the percentage mod-
ulation of the excitation wave. Thus, the
amplifier which precedes the class BC lin-
ear amplifier (when twice cut-off bias is
used on the class 13C linear) must not be
modulated more than 50 per cent if over-
modulation of the output wave is to be
avoided. When the exciting wave is modu-
lated 50 per cent, the output wave deliv-
ered to thc antenna is exactly 100 per cent
modulated. In certain cases this permits
a distinct economy of audio power to be
realized in modulating the preceding stage.
Fifty per cent modulation of a given plate-
modulated class C stage only requires one-
fourth of the audio power necessary for
100 per cent modulation.

The Smallest Economical
Bias-Modulated Transmitter

In this transmitter the grid bias on the
final stage is varied at an audio-frequency
rate by means of a low-power modulator.
L.ess than 150 volts of audio swing is re-
quired for complete modulation; four times

as much power is required with plate cir-
cuit modulation for the same 50 watt car-
rier.

The oscillator and buffer stages are sim-
ilar to those described under '‘The Jones
Harmonic Oscillator.” Either the funda-
mental or second harmonic of the 53 tube
drives the 2A3 or 45 buffer stage. The
latter gives from 14 to 18 watts for driving
the grid of the final 211 stage, Which is
needed for CIW operation at the plate volt-
age available, However, for phone oper-
ation this is too much power, and part of
it is swamped out by means of a 100 watt
lamp shunted across the link circuit and
the remainder reduced by slightly detun-
ing either the 211 grid circuit or the crystal
oscillator circuit. The second harmonic is
needed for operation in the 20 meter band.
It also allows operation on 40 meters with
an 80 meter crystal. The output from the
2A3 neutralized buffer stage is about the
same for either fundamental or second
harmonic operation of the crystal oscillator.

The final stage has a very effective
nethod for coupling to either a single wire
fed Hertz or to an end fed Fuchs antenna.
The coupling is similar to the Collins an-
tenna tuning system, but, unlike the Col-
lins system, there are no losses introduced
by the additional tuned circuit. In the
circuit diagram condenser C1 provides a
low impedance path for harmonics and the
inductance acts as an RF choke; therefore
there are practically no harmonics across
the antenna coupling condenser C2, or C2
and C3. The fundamental frequency has
its proper impedance drop across the an-
tenna condenser for matching from 2000
ohms down to 50 ohms. The antenna is
easily matched with this system and more

power is delivered into the antenna than
with other types of antenna coupling
schemes.

A well-spaccd receiving condenser, rated
at 1000 volts, is suflicient for C2, but C1
should be rated at 2500 volts to prevent it
from rupturing on RF peaks. With the
Dower suDpply used (1800 volts), the carrier
output power is approximately 60 watts for
phone, and over 200 watts for C.\W. opera-
tion, The transmitter is conservatively
rated as a 50-watt phone and 150-watt C.\W,
transmitter. Keying is conveniently accom-
plished in the cathode circuit of the crystal
oscillator because all the stages are biased
beyond cut-off and the tuned circuits be-
tween the antenna and crystal stage tend to
eliminate spurious sidebands caused by key-
clicks.

Constructional Details: The transmitter
can be built into a relay-rack mounting of
the table type, as illustrated. The power
supply is built into the lower deck on a
10-in, X 17-in. X 1%-in. chassis pan, behind
an 8% -in. x 19-in. front panel. The chassis
rests directly on the bases, which prevents
the heavy power equipment from putting
a strain on the front panel. Most inter-
connections hetween panels are made by
means of 5-conductor patch cords; tube
sockets are attached to the rear of each
chassis to accommodate plug-in receptacles
affixed to the end of the patch cords.

The power deck holds the high voltage
transformer, rated at 1500 volts 1RMS, each
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The Jones Exciter and the buffer stage.

The tuning condensers are mounted on a long bakelite

strip. The condenser shafts are insulated from the front metal panel. At the rear of this unit,
to the left, is the 83V rectifier tube and alongside of it is the power supply choke for the low-
voltage supply. The filter condenser bank is at the extreme right.

side of center-tap, and capable of supply-
ing at least 200 williamperes of DC lond
out of the filter; the latter consists of two
2 ufd. 2000 volt condensers connected across
a 15 to 20 henry choke of 250 MA capacity.
This gives ample filtering for phone use, as
the load current is only 100 MA for grid
modulation,

The remaining decks are of the same size
as the power deck. The second or middle
chasxsix contains the low voltage rectifier,
&3 with the filter system: associated on the
same deck arce the crystal harmonic oseil-
lator and buffer stage. The tuning controls
are brought out to the front panel through
insulated couplings. The buffer stage is
neutralized by means of a screw-driver ad-
Justment through a hole in the front panel.
An alurninum shield is placed between the
crystal and buffer stages to minimize RI®
feedback., The tube, coil and erystal sockets
are arranged for convenience around the
midget tuning condensers. Since Isolan-
tite sockets are used, 3;-in. holes are made
under each socket for wiring, most of which
is under each deck. Ordinary good radio
hook-up wire is satisfactory for wiring this
deck. All high voltage leads are made with
small flexible wire, insulatced for 10,000
volts breakdown.

The top deck mounts bLehind a 10i%-in. x
19-in. front panel and holds the modulator

syxtem and final RI° stage. The entire
modulator system occupies a space about
2-in. X 6-in.  The grid circuit of the 211

tube ix link-coupled to the 2A3 buffer stage.
An aluminum shield is placed between the
grid and plate circuits of the 211 staue
to insure case of neutralization. Grid neu-
tralization functions perfectly and ix com-
parable to the simplicity of plate neutral-
iziation. The plate and antenna condensers
are mounted on the front panel, with the
rotors zrounded. The arid and neutraliz-
ing condensers must be mounted on insu-
Intors. The three controls on the top panil
are arranged to be symmetrical with those
on the middle deck in order to give a pleasx-
ing appearance.

‘The current measuring jacks are mounted
on the front panels without insulators:
however, the two grid current measuring
jacks are insulated from the panel because
they must be connected in oppoxite manner
to the cathode circuit jacks., It is desirable
to use a 0-25 MA meter tor grid current
meaxurements.  Kither a 9-200 or 0-3¢g0
MA meter is suitable for the other meas-
urements,

The xpeech amplificr has the input leads
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L3 and L4 each have two turns in the coupling loop. Condensers Cl, C2, C3 and C4 are .00I
or larger, fixed mica type, 1000 volt rating.

Instead of using the simplified P1 network
antenna toupler snhown in the circuit diagram,
any of the other standard antenna coupling
and plate tuning circuits can be used, either
with plate neutralization or with grid neu-
tralization.

The output for phone operation can be
doubled by using twa 211 tubes in rarallel
and by reducing the value of the cathode re-
s stor to about 750 ohms. The c-w output
will only be increased about 40% te 50% un-
less a more powerful buffer stage is used.
Cauticn in adding another 211 tube—-be sure
the neutralizing condenser has sufficient cta-
pacity to neutralize the two tubes, It may
also be netessary to decrease the amount of
inductance in the final tank coil. due to the
increase in tube capacities, When twe 211
tubes are used in parallel the plate veltage
remains the same, but the plate current and
grid current will be doubled, The same mod-
ulator system is used when two 211 tubes are
used in parallel, High MU tubes, such as the
03A, 838 and 830B do not give good results
when used as grid-modulated amplifiers.

991
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The Final Amplifier and the simplified Pl Antenna Network. To the extreme right is seen the 57
tube {shielded) and the 2A5 tube, these two tubes constituting the entire audio channel. The small

modulation transformer is seen alongside the grid coil.

The grid tuning condenser is mounted

on a bakelite support and the condenser shaft is insulated from the front metal panel. The 100
{or 200) watt lamp bulb is in shunt with the coupling link, although this lamp may not always
be required. The coupling link around the grid coil has two turns, 2 inches in diameter.

shielded to prevent audio and R feedback.
The resistors and condensers can be
mounted beneath the upper deck by means
of terminal strips. For a small modula-
tion transformer the DC is balanced-out in
the primary winding as shown in the draw-
ing, This loading resistor also provides
a needed load on the pentode modulator
because the grid-impedance of the 211 is
not constant. This transformer is a small
universal type class I} transformer, orig-
inally designed for either input or output

eircuits, with several taps. A number of
manufacturers have this type of trans-
former on the market.

The total speech amplification is only

great enough for close-speaking operation
with @t crystal microphone. One possible
source of distortion or “downward” modu-
lation swing is in the modulation trans-
formenr. If this transformer saturates
trouble will occur. TUsually a 2-to-1 imped-
ance step-down ratio from the 2A35 plate
to 211 grid is satisfactory in this trans-
former,

T1 is not very critical and practically
any of the conventional class B transform-
ers will give good results. It is necessary,
however, that the transformer be capable
of handling 2 watts of power, plus 25 MA
of DC in the primary at a 2:1 step-down
ratio.

Because the hivh-voltage supply has a
condenser input filter 1800 volts should be
delivered under no load. The low-voltage

supply should deliver 400 *volts under a
loatd of approximately 160 MA.

The output of the crystal oscillator
should light-up a 6-volt pilot Jamp con-

nected in series with a single loop of wire,
when it is coupled to either the oscillator
or doubler coils. The lamp also provides
a4 convenient indicator for neutralizing the
buffer and final amplifier circuits. Plate
voltage can be removed from these circuits
hy merely plugging-in an open-circuit plug
in the cathode circuits. Tt is advisable to
shut off the high voltage supply when neu-
tralizing the final amplifier as a precaution
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against a flash-over occurring at the open
plug.

‘The link-coupling and preceding tuning
adjustments should he made to obtain max-
imum grid current in the 211 tube. With-
vut plate voltage, this grid current should
be between 30 and 40 MA. Under load this

simplified by using a tapped-coil instead of
a split-stator tuning condenser in the grid
circuit. Neutralizing on 20 meters is
slightly more difficult than on other bands.

So that the antenna circuit will remain
in resonance when tuning, it is desirable

current will be less,
resistor builds up
the plate current.

to make the necessary adjustments simul-
taneously with the plate condenser C1; the
proper setting is indicated by a minimum
plate current reading. The antenna or
dummy antenna must never be disconnected

because the cathode
additional bias due to

Neutralizing the final amplifier can be

The Buffer Plate Coil for any band is center-
tapped. At the center of the buffer plate coil
winding, this winding is spread apart so that
a 2-turn coupling loop can be wound directly
in the center of the coil. This is a fixed coup-
ling loop and the connections are brought to
two of the prongs on the coil form base. The
link coupling loop of two turns on each of these
buffer plate coils does not require a variable
adjustment. The same size wire is used for
winding the two-turn coupling loop as is used
for winding the coils proper. On the 160-meter
buffer plate coil this 2-turn loop is close wound
with the other winding. On the 80-meter buffer
coil this 2-turn loop is separated by Yg-in. from
both sides of the coil winding proper. On the
40-meter buffer plate coil the loop is separated
by lg-in.; on the 20.-meter buffer plate coil
the separation is Yj-in.

B—

c{ )

L ‘V’
arwe A

PLATE END OF :OIL) \;(‘,’:ﬁ““

e
Showing how the buffer plate coil is
wound. 5-prong Hammarlund forms are
used. The link coupling loop portion of
the winding has two turns, in the center
of the form. A and C are the two halves
of the plate coil winding. B is the two-
turn coupling loop, L4 and L5.

Coil-Winding Table for Grid-Modulated Phone
NOTE—S5-Prong 1l/5-in. Dia. Coil Forms Used Throughout, Except for 211 Amplifier Plate Coil.

Buffer

| Oscillator Doubler | 211 211
Band Coil L1 Plate Coil L2 Plate Coil L3 Grid Coil L6 Plate Coil L7
"~ 160 68 turns, No. NONE 78 turns, No. 22 DSC, 77 turns, No. 2251 turns, No. 14

Meters 22 DSC, close! close wound on 1!5-in. DSC, close wound enameled wire,
wound on 115« dia. form. Winding on 1%-in. dia. wound on 214-in.
lin. dia. form. space occupies 2!4-in.form,center-tap-dia. ceramic or
Winding space| tap to be taken at center ped. Winding bakelite form.
occupies 2!4- of winding. Also 2-turnsp ace occupies Winding space
in. winding is to be wound 2';-in. occupies 37g-in,

in center of coil for coup-
ling link. See drawing of
'coil form for data.

80 (27 turns, No.Same coil as'45 turns, No. 22 DSC, 44 turns, No. 22/26 turns, No. 12
Meters|22 DSC on 1 145-/80 meter oscil- close wound on 11%-in. DSC, wound onbare wire, space
in. dia. form. lator coil for dia. form, center - tap-/1l5-in. dia. form, wound, on 215-in.
Space wound doubling to 80 ped. Winding space oc- center - tapped. dia. form to cover
to cover 1!4- meters from cuples 17:-in. A 2-turn/Winding space a winding space
linch winding 160 meter os- coupling link is wound occupies 2-in. of 3!;-in.
ispace. cillator. in center, same as for 160
| | meter coil.

40 13 turns, No./Same coil as/22 turns, No. 18 DCC on 22 turns, No. 1812 turns, No. 12
Meters 18 DCC on 1 !4- 40 meter oscil-/1 }4-in. dia. form, center- DCC, wound on bare wire, space
in. dia. form./lator coil for tapped. Winding space t15-in. dia. form, wound on 2!s-in.
Space wound doubling to 40 occupies 1 %-in. A 2-turn center - tapped. dia. form to cover
to cover wind- meters from coupling link is wound Winding space a winding space
ling space of 80 meter oscil-in center, same as for occupies 115-in. of 114-in.
114-in. lator. above buffer coil.

20 Use 40 meter 7 turns, No. 18 12 turns, No. 18 DCC on 10 turns, No. 185 turns, No. 12
Meters oscillator coil. DCC on 1 4= 1Y%.in. dia. form, center- DCC on 1%-in. bare wire, space
in. dia. form. tapped. Winding space dia. form, center- wound on 21.-in.
Space wound occupies 1%;-in. A 2-turn tapped. Winding dia. form, to cov-
to cover acoupling link is wound'space occupieser a winding
winding space in center. Same as for/133-in. space of j-in.
of 17,-in. above coil.
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unless the plate voltage is reduced to not
over 1000 or 1200 volts, as C2 will flash-
over on RF peaks. For C.W. operation, use
all of the available grid excitation and ad-
just the antenna condenser C2 until maxi-
mum output with normal plate current is
obtained. Cl must always be set for reso-
nance, or lowest plate current. For C.W.
the plate current ought to be in the neigh-
borhood of 200 MA.

IYor phone adjustment turn on the modu-
lator filanment switch—increase the antenna
current to maximum, even though the plate-
current is high—then reduce the grid RF
excitation until only a few grid millamperes
flow.

If the load is proper, the plate current
will be about 100 MA with an 1800 volt
supply. Since the cathode bias resistor has
a value of 1500 to 1700 ohms, the actual
plate voltage will be approximately 1600
volts; this gives 160 watts input. At 40
per cent unmodulated plate efficiency there
is about 60 watts of carrier output, and
100 watts of plate loss., Note that the tube
cools off during modulation and if com-
pletedly modulated with tone, the input will
remain at 160 watts. The RF output will
increase to 90 watts, and the plate dissi-
pation will fall to 70 watts.

The flashlight lamp and single turn of
wire, or an antenna RF meter, should be
used to ascertain that upward modulation
is being secured when the microphone is
whistled into. The antenna current should
rise 20 per cent on a steady tone. When
talking, the antenna current must not rise
more than 10 per cent as with any plate
modulated phone when operating within the
100 per cent madulation limitation. If down-
ward or insufficient modulation is obtained,
it is indicative that there is too much R’
excitation or not sufficient antenna load.

The *“buffer plate coil’”’ for any band is
center-tapped. The center of the coil wind-
ing is spread apart so that a 2-turn coupling
loop can be wound directly in the center
of the coil. This is a fixed winding and the
connections are brought out to two of the
prongs on the coil form base. The two-
turn coupling loops on each of the buffer
plate coils do not require a variable adjust-
ment. The same size of wire used for the
two-turn coupling loop is also satisfactory
for the other coils. On the 160-meter “buf-
fer plate coil,” the loop is close wound
with the other winding. On the 80-meter
“buffer coil,” the loop is separated by 1/16
in. from both sides of the coil windings.
On the 40-meter “buffer plate coil,” the loop
is separated by ' in.; on the 20-meter
“buffer plate coil,” the separation is %4 in.

Any other standard antenna coupling and
plate tuning circuits can be used with
either plate or grid neutralization, instead
of the simplified PI network antenna coup-
ling shown in the schematic.

The output for phone operation can be
doubled with two 211 tubes in parallel and

by reducing the value of the cathode re-
sistor to about 750 ohms. The C.W. output
will only be increased about 40 to 50 per
cent unless n more powerful buffer stage
is used. CAUTION: In adding another 211
tube, the neutralizing condenser must have
sufficient capacity to neutralize the two
tubes. It may also be necessary to de-
crease the amount of inductance in the final
tank coil, due to increase in tube capacities.
When two 211 tubes are paralleled, the plate
voltage remains the same, but the plate
current and grid current should be doubled.
The same modulation system is used for
paralleled operation.

The indicators on the grid and plate cur-
rent meters should not move on modula-
tion, except for a very slight upward mo-
tion on over-modulation peaks.

For plhone operation, a 100 watt lamp is
connected across the coupling link between
the buffer and the final amplifier to stabil-
ize the load on the buffer during modula-
tion. This is required because the instan-
taneous grid current in the final amplifier
varies with modulation. The lamp intro-
dues no losses when phone operation is used
because the buffer supplies considerably
more excitation than is needed. In fact, the
grid circuit of the final amplifier must be
detuned to still further reduce the excita-
tion. Normally a good C.W. antenna load
will be sufficient for phone operation, and
<0 only one adjustment is needed—reduce
the grid RF excitation until a good upward
antenna current swing is obtained when the
microphone is whistled into.

1I'or phone operation the C.W. key, or
the low-voltage power supply center-tap
switch can be used for push-to-talk con-
trol.

The external C battery of 135 volts is
correct for a total applied plate voltage of
1800 volts. To determine the correct value
divide the plate-to-cathode voltage under
load by the amplification constant of the
tube. This is about 12 for a 211 tube.

Technical Notes: A condenser input type
filter is necessary with a 1500 volt power
transformer in order to obtain at least 1700
volts DC for maximum output. For C.\V.
operation, the 2A3 tube must deliver suf-
ficient excitation to the flnal stage so that
the grid current will be about 20 milliam-
peres under load. The grid current can
be raised by increasing the number of turns
in the coupling link (within limits) or by
increasing the plate supply voltage on the
2A3 up to but not higher than 500 volts.
The grid blocking condenser in the 211
stage must have a rating of 2500 volts DC
working voltage. The filament by-pass con-
densers on the 211 tube must be .001 ufd.
or larger, 1000 volt rating, mica type. The
condensers enable the filament of the tube
to reach RF ground potential as well as
being essential for complete neutralization.
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Circuit {above) and illustration of 160 meter grid bias modulated phone, 50 watts output.

L1—B3 turns, No. 16 DCC, close-wound on 2V4-in. dia. form, center tapped. L2—40 turns,

No. 16DCC, close-wound on 2V/4-in. dia. form. L3-—37 turns, No. |4 Enameled, air-wound, 4-in.
dia., 3l4-in. long. A 2-turn loop is wound around the grid coil L2.



AAA

Radiotelephony

AAA 171

600-Watt C.W.—200-Watt
Phone Transmitter

In this transmitter only 5 per cent of
the equipment is idle on C.W., The design
features ‘“high-quality grid modulation”;
“Jones all-band exciter;” ‘“‘push-to-talk
break-in’"; crystal keying for full break-in
on CW;” “grid neutralization;” ~“completely
self-contained relay rack construction which
eliminates the use of chassis;” “power gain
of 20 through the final amplifier,”” and &
“‘construction cost of less than $300." The
carrier power is approximately 200 watts
on phone and is slightly greater than 500
watts on W in the 20 meter band., The
quality of speech is excellent, due to the
use of cathode resistor plus fixed bias equal
to cut-off in the operation of the grid modu-
lated stage.

General Construction: The entire trans-
mitter is built into a standard relay rack,
36 units in height—that is, 36 13-in. units
or 63 inches of space for mounting panels.
The RRF amplifier panel at the top is 14 in.
x 19 in. of No. 14 gauge iron. The next
panel, 5% in. x 19 in,, contains the speech
amplitier and modulator. The oscillator-
doubler and buffer stages are mounted be-
hind an 8%-in, x 19-in.. panel with four
dials for controls and three panel holes
for regeneration and neutralizing adjust-
ments to the sub-panel. The low-voltage
power supply is mounted on a 10%-in. x
19-in. panel and the high voltage supply on
a 24%-in. x 1Y-in. panel at the bottom of
the rack. The entire unit makes a pleasing
appearance and takes up but little space.
A rear ventilated cover should be used to
prevent personal contact with the 3,000 volt
power supply.

Technical Details: The coils for this
transmitter are wound for operation in the
20 meter band. If the set operates satis-
tactorily on 20 meters, it will invariably
operate as well on the lower frequency
bands. "The 150Ts are easily driven on 20
meters and a pair of 4is or 2A3s will drive
them to over 500 watts output on CW and
approximately to 200 watts on phone with
modulation capability of 100 per cent.

The oscillator, a 53 tube, functions as a
crystal oscillator and frequency mniultiplier
and provides suflicient excitation to drive
the 150Ts to 200 watts tor phone operation.
Link coupling is used between the doubler
plate coil and the buffer grid coil, as well
between the buffer and final stages. No.
18 hook-up wire is satisfactory for this
purpose, with one turn link coils wound
over the center of each coil,

The neutralizing condenser in the final
stage is made with three aluminum plates
about three inches square with one-half inch

spacing. The 50 uufd., tuning condenser
may tlash-over without an antenna load,

No trouble will be encountered in neutral-
izing the higher power stages when using
the grid current meter as an indicator.
The constants for grid modulation are
calculated from the formula appearing un-
der the subtopic heading, “Designing the
Bias Modulated Amplifier.” By calculating

i

i

Wi

i

Medium-power plate modulated phone trans-

mitter wherein much of the equipment is idle

when c-w is used. The grid-bias modulated

transmitter on page 172 overcomes this diffi-
culty, but with lower output.
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Power supply and portion of exciter unit.

the values before the transmitter is built, a
close approximation to the actual values can
be found.

On CW, about half of the cathode re-
sistor is normally cut out by means of a
small snap-switch on the lower panel. This
increases the plate current up to about
300 ma. at 2,900 volts, with an output ap-
proximately between 500 and 600 watts. The
plates show mno color on C\W and the effi-
ciency with a twisted-pair feeder 20-meter
antenna calculates to better than 70 per
cent. The actual C bias is slightly less
than class C, due to lack of grid excitation,
but 500 or 600 watts output on 20 meters
will produce remarkable results on distant
transmission. The input to the 47s or 2.A3s
is between 40 and 50 watts with a power
output of 25 to 35 watts. This gives a gain
of about 20 in the final stage.

The low voltage supply should deliver
about 250 ma. at nearly 400 volts. A key-
click filter is desirable, Tt consists of a
1 or 2 henry choke in series with the key,
plus a .1 ufd. or larger condenser in series

with a 500 ohm resistor across the kecy
contacts, Fixed bhias is used on all stages
following the oscillator-doubler and keying
can theretore be accomplished in any of
the current measuring jacks.

Coil Design: The oscillator
made on 1%-in. plug-in forms.
meter coil consists of 27 turns of No. 22
DS, 1% inches long. The {0-meter oscil-
lator coil consists of 16 turns, 1Y% inches
long, of No. 18 DSC wire.

The 20-meter doubler and the 20-meter
buffer grid coils are each 1) turns of No.
18 DsC on a 1%-in. form, 1 inch of wind-
ing space, with a center-tap. The 20-meter
buffer plate coil consists of % turns on a
1Y%-in. form, wound to cover 1% in, with
a center-tap. The final amplifier grnd coil
for 20 meters consists of 9 turns on a
2% -in. diam., Z-in, long form. The latter
can also be wound on a form 1!% in. diam.,
1 in. or 1% in long with 10 turns, These
two coils should be wound with No. 16
wire because No. 18 shows some heating
effects at this frequency.

The final tank coil on 20 meters is wound
on a porcelain tube 21; in. diameter, with
7 turns per inch of No. 10 wire. This
coil is wound with 16 turns, 10 of which
are shorted-out for 20-meter operation; the
whole coil is used for {0-meter operation.
By using a very low resistance shorting
connection across the 10 turns, and very
low C in the tank condenser. this coil will
not heat excessively on 20 meters with o0
watts input to the final stage. lI'or connec-

coils are
The 80-

1

Exciter, buffer, speech and parallel 150T fina}
amplifier.
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tion to a Collins coupler, this coil should
be tapped at about 3 turns for 20 meters
and 8 turns for 40 meters. I'or use with
it twisted-pair fecder, two turns of No. 14
rubber-covered wire wound over the +D
end turn is correct for proper loading.
The RI® chokes, with the exception of
the one in the tinal amplifier plate circuit,
itre of the small 2.1 mh. type.
Transmitter Adjustments: The oscillator
is tuned for maximum output at lowest
cathode current. 'The doubler section must
provide sutficient excitation swing to the
buffer stage grids, The cathode current of
the 53 tube is adjusted to between 60 and
70 ma, and the doubler output must drop
to zero when the crystal is short-circuited.
Too much regeneration will cause the dou-

bulb, an RF galvanometer and loop of wire,
or a lamp and a turn of wire are good
oscillation indicators. .An open-plug should
be inserted into the jack of the buffer stage
while neutralizing; the pluyg is afterwards
removed. In npeutralizing, the two con-
densers are simultaneously adjusted until
the plate tank has no RF.

The plate current of the buffer stage
reaches between 110 and 160 ma. when
loaded by the grids of the 150Ts. For CW
operation with half of the cathode resistor
cut out and about 200 volts fixed bias, the
final grid current will attain value be-
tween 25

a

25 and 45 ma. when the buffer stage
is operating properly. The high value
allows better efliciency and a little more

output. The plate current in the final am-

bler to go into self-oscillation. A neon plifier should be from 250 to 350 ma. on CW,
Ry s 180Ts
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500 volts. C6—25 mmfi., double spaced. C7—& mmf., 10,000 volts.
1000 volts. CI11—,0005 5000 volts. Ct2—V/; mfd., 600 volts.
R3—10,000 ohms, 10 watt. R4—3500 ohms, 20 watt.
megohm, | watt. R9—!/, megohm, | watt.

ohms, 200 watt. R14—25.000 ohms, 40 watt, R15—50,000 ohms, | watt.

(1] L1
The Complete Circuit Diagram of the 600-Watt C.W., 200-Watt Grid Modulated Phone Transmitter

LEGEND: C1—100 mmf., 500 volts. C2—50 mmf., double spaced. C3—50 mmf., double spaced. C4—50 mmf., 6500 volts. CS5—I5 mmf.,
C8—3 to 30 mmf. mica trimmer,
C13—.001, 5000 volts.

R5--5000 ohms, 10 watt.
RI0—3500 ohms, | watt. RI[—3 megohms, | wath,

NOTE:--R1 has a valve of 50.000 ohms, 10 watts.

C9—.01, 1000 volts. C10—.001,

R2—500 ohms, 10 watt.
R6—750 ohms, 10 watt. R7—2500 ohms, | watt. R8—!/;
R12—4,000 ohms, 40 watt. RI3—I1000
R16—Four 100,000 ohms, 20 watt resistors in series.
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ohm
must

cathode resistor
be in the circuit.
l.ess plate current is
often indieative of in-
suftlicient  antenna  load.
To change from CW
to phone, the microphone
is plugged into its jack
on the speech amplifier
panel, the buffer - grid
dial is detuned until only
a fraction of grid cur-
I rent flows; the eathode-
resistor switch is thrown
| to the “off” or phone
| position.
| A steady tone will in-
crease the antenna eur-
rent from 20 to 22 per
cent. On normal speech
the gain control should
ne reduced until only a
very small RI® current is
indieated. Too much RF
grid excitation (too much
grid current) will pre-
| vent modulation and zero
arid current reduces the
| plate efliciency and drops
the power output. About
one or two millinmperes
is the optimum value.

|

| NOTE: A high-pitchead
| AC hum is sometimes in-
| troduced across the elec-

400-watt grid modulated amplifier with four

parallel.

trolytic by-pass condens-
er which is connected
across the first speech
amplifier tube. The hum
can be removed by con-

150Ts in push-pull-

MODUL ATOR
Circuit diagram of the push-pull-parallel

Only one grid choke is required.

necting a .00025 mieca
condenser from cathode
to ground.

Increasging Carrier-
Power Up to 400 Watts:
To increase the carrier
power of the transmitter
just described up to 400
watts requires the use
of four type 150T tubes
in a push-pull parallel
eonnection; such a
secheme is shown in the
accompanying figure
where the RI® amplifier
is driven by a pair of
2A3s and modulated by
a pair of 45 tubes.

2.5 mn
ReC

Technical Notes: A
4-meter parasitic oscilla-
tion may develop in the
final amplifier described
above and may be elimi-

+ 3000V
330MA

final amplifier.

On phone operation
the buffer stage is detuned to drop the
grid excitation on the final amplifier to
about one to three ma. under load. The
plate current then has a value between
180 and 200 ma. at a plate supply voltag
slightly under 3,000 volts. The full 1,000

the grid circuit of

nated by placing a small
RI* choke in series with
one of the grid leaks. This choke con-
sists of 10 turns of No. 1{ wire wound
on a halt-inch diameter form, shunted by
it 400 ohm resistor.

Cut-off bias is supplied by means of a.
C-bias power-pack, and cathode automatic
bias furnished by mean of a 600 ochm 200
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watt resistor in
tilaments.

Ior phone operation, the above RF unit
need only be supplied with abhgt to 26
wiatts of grid power.

the center-tap lead to the

50-Watt Suppressor Modulated Phone:
The RK2X and 803 R pentode tubes make
possible the eonstruction of a very simple
phone transmitter which requires no neu-
tralizing and has relatively few parts.
Jand switching works quite satisfactorily.
The transmitter can be operated on phone
or CW on SM-, 10- or 20-meters with only a
few seconds delay in switching and tuning
for resonance.  While the large pentode is
more cxpensive than other types of 100-
witt tubes, the saving in parts and elimi-
nation of a buffer stage appreciably offsets
the tube cost.

In the circuit shown, an Ohmite band-
changzing switch places any one of three
different crystals into the circuit, one for
80 and t0-meter CW, one for 75-meter phone
and a 40-meter erystal for 40-meter C\W or
20-meter phone. The &0-meter CW crystal
will also serve on 20-meter CW, quadru-
pling in the 53, The drive is sutficient for
150-watts of CW ontput on 20-meters from
the pentode when the 8i-meter crystal is in
service, but is  insutlicient for 20-meter
phone. The 10-meter erystal will drive the

final to nearly 200-watts output on 20-meter
CW and 50-watts of phone carrier. On the
other bands the output is slightly higher,

©One of the triodes in the 53 tube func-
tigns as the stal oscillator, This circuit
is comprised bf a 24-turn coil of No. 18
enameled wire on a 1% in, diameter coil
1% in. long, tuned with a 100 vufd. midget
condenser.  When this circuit is tuned to
10 meters for the 40-meter erystal, half
of the coil is shorted-out by means of an
oprdinary snap-switch mounted just beneath
the tnning dial associnted with this circuit.
All controls are on the tront panel,

The frequency doubler or quadrupler
section of the 53 employs regeneration to
obtain goaod efliciency, especially when gnad-
rupling, A small 3-30 mmfd. semi-adjust-
able trimimmer condenser is mounted along
side the coil socket and only enouch capac-
ity inserted to provided regeneration below
the point of self oscillation, This is easily
checked by placing the final amplitier into
operation and setting the crystal switch
between contact points: no output for any
dial setting should result.

Canacity coupling from eitirer section of
the 53 provides grid coupliny to the pen-
tode. A 100 uufd. midget variable con-
denser acts as a control of grid excitation.
The condenser is fitted with an extension
shaft and knob on the lower edge of the

Rear view of 50-watt phone.

Front panel view, 3-ft. rack.
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Circuit diagram of the entire transmitter.

top panel. of the 53 can
be brought into service depending upon
whether straight-through amplification of
the crystal fundamental is used, or if one
of the harmonics are desired. Switching
over to the crystal section requires less
tuning capacity due to the added capacity
of the RIK28 grid circuit. Generally, the
second section of the 53 is tuned to reson-
ance on the second harmonic, as indicated
by a sharp decrease in the cathode current
of this tube, in order to keep this total
current in the neighborhood of 50 to 60 MA,

Either section

‘The doubler section has a 140 uufd.
midget variable condenser for tuning in
order to cover both the 20 and 40-meter

bands without coil changing. This means
the low C is used on 20 meters and high C
on 40 meters, but since there is more than
ample output on 40 meters when doubling,
this high C tuning arrangement is satis-
factory. Regeneration is obtained by con-
necting the “plus” B tap 3 turns from the

grid end of the coil. The coil has 10 turns,
1% in. long, of No. 16 enameled wire on a
112 in, diameter form. The pentode must
feed from the plate end in order to obtain
the best impedance match and consequently
greatest grid drive.

The pentode plate circuit consists of a
simplified Pi network for reducing harmonic
radiation. Any length of antenna is satis-
factory but inflnitely better results are
secured with a 132-foot aerial wire con-
nected to an off-center single-wire feeder.
This length is a compromise, being a trifle
long for 75 meter phone, but is the correct
length for S0-meter CW, 40- and 20-meter
CW and phone,

The plate circuit is tuned by a 100 uufd.,
6000-volt condenser. The coil and antenna
condenser complete this circuit, resonance
always being obtained with the 100 uufd.
condenser. The other condenser properly
loads the antenna. A low impedance an-
tenna requires more capacity than given by
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the 225 uutd. 3Sv00-volt condenser and a
L0001 or .00025 ufd. mica 35000-volt con-
denser must be shunted across it at the

condensers terminals. This condenser is
not always necessary with a single-wire
tfeeder, but with any odd length antenna,
the fixed condenser may be required. The
coil for the tinal stage consists of No. 10
wire on celluleid strips, 4 turns per inch,
with 19 turns total on a 43%-in. diameter.
The Z0-meter tap is at three turns, and the
40-meter connection at eight turns. The
swiltch short circuits all of the other un-
useid turns so that at 20 meters only three
turns are left in the circuit. For this rea-
son the Ohmite switeh is mounted very
close to the coil for short connections. An
extension shaft and knob provides front
panel control.

All by-pass condensers on the filnments
and grids are connected together at the
socket and to a common ground point on
the chassis.

Two power supplies provide all of the
necessary voltages. A 400-volt supply fur-
nishes 50 to 60 MA to the 53 tube, and
from 60 to 70 MA to the pentode screen. It
ilso supplies 250 volts to the speech ampli-
tier and modulator through a 6000-ohm 20-
watt resistor. The main voltage divider
across the 400-volt supply provides various
bias voltage for the pentode tube grids.
The negative B lead from the 1800-volt
supply and 10-volt filament center-tap con-
nects to a point about 50 volts above
ground potential on the voltage divider.
The latter is made up of individual resis-
tors mounted underneath the middle chassis.
This gives an additional 50 volts to the
control grid so that it operates with a nega-
tive excitation potential of 100 volts. It

also provides a 5H0-volt negative potential
to the suppressor when the switch is
thrown to the *phone” position. On CW

the suppressor-grid must be approximately
50 volts positive with respect to the tube
filament, hence, another tap higher up on
the voltage divider gives this voltage. This
tap is 100 volts above ground but only 50
volts with respect to the RIKK28. The plate
current does not flow through any part of
thix voltage divider.

The modulator unit ix conventional; how-
ever, a carrier-shift indicator consisting of
any diode tube, IIF pick-up coil or lead,
and a 0-1 millinmmeter should be available
at all times to eheck over-mnodulation,
Tests have indicated that the RIK28 would
maodulate properly when 9 to 12 MA of DC
arid current was flowing. The 53 tube
supplied 12 AN on 20 meters, 13 to 15 on
40 meters and 14 to 18 on SO meters.

The transmitter is mounted on a 3-ft.
relay-rack. Three 1-ft. No. 14 gauge panels
hold the three chassis and controls. The
chassis are of No. 20 gauge steel with cor-
ner end-supports for bracing to the front
panels. The top and bottom decks are 12
X 17 x 2 inches, and the middle deck is 9 x
17 X 2 inches. The lower deck holds the
high voltage power supply, the low voltage
transformer. rectifier and first filter choke.
The second deck holds the remainder of the
Iow voltage filter on the end opposite to the
audio amplifier. The 53 crystal-oscillator
and doubler circuits mount in the middle of

Close-up of the RK-28 {803) final amplifier.

this deck. decks holds the final
amplifier.

The grid

The top

circuit of the final stage is
shielded from the output circuit by the
chassis. The five-prong socket is mounted
on standoff insulators below the chassis
which has a hole cut in it for the tube.

Note: The new low temperature-coefli-
cient AT or V-cut erystals are recommendedd
because the 53 operates at fairly high
power, which may cause a frequency drift
with ordinary X-cut types.

Controlled Carrier Modulation

With controlled-carrier modulation a high
percentage modulittion is obtained at all
levels; in addition, the average carrier
varies in magnitude with the audio output.
The advantages of this type of modulation
are enumerated below:

(1) Increased DX possibilities for the am-
ateur, or greater blanket coverage for the
broadcast station. This improvement is at-
tributed to the high-percentage modulation
at low levels, which is very important, as
the integrated audio output of a transmit-
ter is seldom exceeded by 10 per cent of its
rated maximum output. The theoretical
side of this phase of controlled-carrier mod-
ulation indicates that it is possible for a
small station to lhave the same coverage
as a station many times larger, and with
less interference.

(2) Increased tube economy. Due to the
fact that the class C input is low for the
major part of the time, which is similar in
effect to class B, permits much higher out-
put from a given tube arrangement.

(3) Reduction in interference. This is
of extreme importance to both the amateur
and broadcast station. Because the carrier
tevel is low for the major portion of the
time, interference and so-called “chatter”
is reduced.

(4) Reduction in power consumption.
This is due to the low power taken by the
final amplifier over a large portion of the
operating time. If the tubes are not oper-
ated above their normal ratings, this power
reduction will tend to prolong tube life.

(5) Higher definition is possible from the
broadcast station from the standpoint of
vohuime range. One of the factors con-
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trolling this range occurs when the audio
level drops to a very low level, which de-
creases the percentage modulation with the
square of the audio drop. This results in poor
and possibly no reception at the receiving
end. A higher percentage modulation at
low levels would tend to overcome this dif-
ficulty and permit the transmission of wider
audio volume ranges.

(6) If high power output is required, the
controlled class C can be fed into a class
B linear amnplifier. The power rating of
output tubhes operating in this manner is
at least doubled; in addition, the efliciency
is increased due to the class B operation.
As the audio level rises and falls, the class
C input is varied; these transitions are
applied to a clas B linear stage whose power
output is caused to vary over a wide ranue.
One of the feature points of this modula-
tion system is that modulation need not
take place at a very high level. A 500 watt
station will require only 50 watts, or less,
of audio output; this modulates a corre-
sponding class C tube which drives the 500
watt class DB linear amplifier. IFor higher
powers, the class B linear amplifier need
only be made to excite another higher pow-
ered class B linear stage.

Class B Series Control Using Same Tubes
for Audio and Syllabic Modulation: Numer-
ous systems of controlling the average in-
put and carrier output of a class C plate-
modulated amplifier have been developed
and successfully applied to high-frequency
phone transmitters.

In one of the earliest systems the varia-
tions in the average plate-to-cathode re-
sistance of a class IJ audio stage series
modulated a class C amplifier. The audio
output of the class I3 amplifier was fed
threcugh a conventional class 13 output
transformer into the plate cireuit of the
controlled and plate-modulated class C
amplitier.

This system is quite simple, but it has
iwo disadvantages. These are:

(1) The resistance of the plate-to-cath-
ode path of the class C amplifier is in series
with the 13-plus high-voltage lead to the
modulators, which is the equivalent of plac-
ing a 5000 ohm resistance in the B-plus
lead. This materially affects the voltage
regulation of the DC plate-voltage supplied
to the modulators, with some consequent
audio distortion. This variation of the
plate-voltage applied to the class 13 modu-
lators also causes the ‘‘cut-off” point to
drift as the audio signal varies. Without
i zero-biased modulator tube, the modu-
lators would be operating class ¢ part of
the time, which is not conducive to high-
definition.

(2) During the non-operative condition,
the plate-voltage across the modulators
must be about twice the operating value,
which means that lower than normal oper-
ating plate voltages must be used because
there are no zero-bias modulator tubes
available which will stand plate voltages of
twice the normal operating voltage. (on-
sequently, the maximum power output must
be reduced below that which the same tube
capacity could deliver in the conventional
s«yvstem of constant carrier modulation.

Thyratron Control: Another system of
controlled-carrier modulation of a class C
amplifier employed grid-controlled rectifiers
in the plate power supply. These grid-con-
trolled mercury-vapor rectifiers allow a
simple means of controlling the DC plate
voltage at syllabic frequencies.

For high-power operation this system is
practically unexcelled. This is largely due
to the elimination of lag when the system
is applied to a three-phase power supply;
the latter also requires little hum filtering.

Variactor Control: Another simple and ef-
fective modulation system has been devel-
oped by I. A. DMitchel, in which the
variation in DC plate current drawn by a
class B audio amplifier is used to control
the saturation of a voltage-dropping reactor
in series with the primary of the class C
amplifier plate power supply. As the DC
drawn by the modulators increases, the
reactor core becomes more saturated, which
reduces the AC resistance and allows inore
current to flow in the primary circuit of
the class C power supply. This increased
current, which corresponds to raising the
primary voltage, increases the DC plate
voltage and thus causes the input and av-
erage carrier output of the class € stage
to increase with modulation.

FIG. 1—Appearance of saturable reactor.

The success of the Mitchel modulation
system depends completely on the fact that
the modulator plate current in a class B
amplifier varies practically linearly with
the power output. This plate current sat-
urates a control reactor which in turn
controls the plate supply of the class C
final amplifier. With a class A modu-
lator, other means of obtaining this control
current are possible. The general nature
of a saturable-core reactor is illustrated in
Figure 1. A shell type of laminated core
of somewhat different proportions than in
an ordinary transformer forms the mag-
netic circuit. Three coils are placed on the
respective legs of this core, the outer two
being connected in series with the AC line
and so related in polarity that their re-
spective magnetic circuits are in accordauce
with the arrows shown. 1t is seen that
the MMF's of the two magnetic circuits are
of opposite direction to the middle leg and
so tend to neutralize each other. If the
coils and magnetic circuit are perfectly bal-
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Relation of class C operating characteristics to
modulator level in controlled carrier transmitter.

anced, these fluxes will cancel out and no
AC will traverse the central magnetic cir-
cuit., The control coil is placed on the mid-
dle leg of the core and the plate current
of the class 13 modulator is passed through
it. The reactor functions by reason that as
the DC current is increased in the middle
winding the inductance decreases, which
augments the strength of the DC magnetic
field and retards the flow of the AC mag-
netic flux coupling the two associated mag-
netic paths, By properly designing the
reactor, a fairly linear relation and a wiile
range of inductance can be obtained. The
relation of the saturating DC to AC imped-
ance, used in the transmitter previously
referred to, is illustrated by a curve drawn
in I“igure 2; the linearity of this curve can
be increased still further.
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REACTIVE IMPEDANCE OF
SATURABLE REACTOR — (onms)

FIG. 2—This curve shows the change in react-
ance of a-c coils in a saturable reactor as the
d-c is increased.

The saturable core reactor is placed in
series with the primary of the final plate

It is seen trom ligure 2 that
with no audio signal (minimum DC) the
reactance is quite high (450 ohms). This
effects a great voltage drop to the primary
of the plate transformer, as the effective
impedance of this primary is quite low.
However, as the saturating DC is in-
creased, the reactance as well as the volt-
age drop is decreased. The primary voltage
rises in accordance with this, and with
proper design reaches almost maximum at
normal maximum-audio output. Even with
the reactor practically saturated, a small
reactance and consequent voltage drop ex-
ists. To compensate for this, an auto-
transformer is placed on the line-side of
the reactor, which increases the total im-
pressed voltage. The auto-transformer is
not needed if the plate transformer pri-
mary-winding is wound or tapped for re-
duced voltage obtained after the reactor
drop.  In either case, this voltage drop
does not represent a power or efliciency
loss, because the drop is almost entirely
reactive and results primarily in a change
of power factor; that is, only the ratio of
VA/watts increases.

transtformer.

Notes on Adjustments of Controlled-Car-
rier Transmitters: The first step in adjust-
ing a controlled-carrier transmitter is to
properly modulate the class C stage with
the carrier control disconnected. In other
words, the plate voltage on the class
stage is first fixed at the highest value ob-
tainable when the carrier control is turned
on,  IFor conventional modulation, the neu-
tralization, RI° excitation and grid bias
must be correct; in addition, there must be
no detectable movement of the pointer in
the plate milliammeter during audio modu-
lation. After the class  stage and the
audio modulators are functioning correctly,
the carrier-control can be turned on, Some
means must be provided to vary the carrier-
control, or syllabic modulation, in relation
to the audio modulation.

MAX, MODULATION

u
ARiER

IEAQ CARMIER

@ TOO MUCH CARRIER CONTROL:
INEFFICIENT AND NOISY,

Too much carrier-control is indicated by
the curve drawn in Figure A. The undula-
tory diagram depicts that the DO plate
voltage on the class ( stage swings up
much farther than required by the amount
of audio modulation present. The only dis-
advantage involved here is that uneces-
sary heterodyne interference is created, and
a class B linear amplifier following the
class € stage will operate inefficiently be-
cause the average percentaze of audio mod-

ulation of the carrier is not high enough.
(Note: class 1} linear amplifiers are only
efficient at high percentages of modula-
tion.)

Where there is not enough carrier-control,
as indicated in Figure B, the average car-
rier power hecomes less than twice the
maximum side-band power, which =-ep-e-
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(B) NOT ENOUGH CARRAIER
OVERMOQULATION.

CONTROL:

sents over-modulation. The shaded area
under the zero line represents an absolute
absence of IRF output which causes bad
side-band “splatter” and undesirable inter-
ference. This negative over-modulation can
only be detected by means of the over-
modulation indicator as shown in IFigure 10.
The remedy is to increase the carrier-con-
trol. or else reduce the audio modulation.

2¢r0 100,

- Max. CxA,
- AVERAGE €A,
- Wi, Cxm,

" 2tho cxn. S

c PERFECT CARRIER CONTROL.
PRACTICALLY

NOTE
CONSTANT MIN, CARRIER,

I'erfect carrier-control is shown in Fig-
ure C, IHere, the minimum carrier level re-
mains constant and the carrier-control has
just enough effect to keep the average car-
rier power a little over twice that of the
audio side-band power. While the wave
shown in Figure C has been idealized for
the purposes of illustration, the smooth-
ness of the undulations will not be encoun-
tered in practice. However, it is desirable
to keep the minimum carrier value as low
and as constant as possible without letting

the negative peaks cross the zero line
tovermaodulation),
Maz w00, 2EN0 MOD.
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@ SATISFACTORY DEGREE OF CARRIER CONTROL
BUT BAD TIME LAG IN CONTROL:
OVERMODULATION AND LOW EFFICIENCY,

A satisfactory degree of carrier-control
is portrayed in Figure D. TIn general, the
slow time-delay {or lag) in the fllter circuit,
which separates the audio component from
the syllabic component, delayed the rise in
the carrier until considerably after the
audio modulation has become effective. Thus
the carrier is over-modulated at the start
of the syllable, and under-modulated at the
end of the syllable. This trouble can be
traced to too high capacitance in the syl-
labic fliter.

14,-KW Variactor Controlled Carrier
Phone: This transinitter employs the vari-

actor system for controlled carrier phone
operation. A linear RF stage is used to
etficiently amplity the controlled carrier

output of the class C stage. The efliciency
of a linemr stage under these conditions is
much higher than for a normal straight li-
near stage, consequently an effective carrier
of about 250 watts is developed. The output
is almost twice that obtainable with the
sanie tubes in an uncontrolled-carrier trans-
niitter at the same plate voltage.

The complete circuit wiring diagram ot
the transmitter is shown. The transmitter
is constructed on five panels about 19 in. x
12 in., made from No. 14 gauge iron, and
mounted on a standard relay rack. The high
voltage power supply is built so that all of
the transformers and chokes are mounted
onh the front panel, with only the 866 recti-
fier tubes, 2 ufd. 2000-volt condensers,
bleeder resistor and terminal strip mounted
on the chassis. The latter is 17 in. x 9 in.
x 1% in. and is made of No, 20 gauge lead-
plated steel.

The low voltage power supply has a
chassis 17 in. x 11 in. X 2 in. on which are

mounted the three bpower transformers,
variactor and auto-transformer AV-1 and
chokes. The filter condensers and bleeder

resistors are mounted underneath the
chassis. The fllament windings on the
transforiner supplying heating current to
the class C stage must be on a separate

transformer on account of the primary volt-

age variations which are in accord with
the syllabic modulation.
The chassis for the modulator deck is

17 in. x 8 in. x 2 in. The two meters, i
#-50 and a 0-500 or 0-300 milliammeters are
also mounted on this panel. The current
mensuring jacks are arranged in the cir-
cuits to open the center-tap leads in order
to eliminate sparking or flash-over. The=se
jacks may have to be mounted in insulat-
ing washers since the jack-sleeve is un-
grounded in some circuits. A telephone plug
and flexible cord permits either meter to be
inserted via the plug into any circuit jack.

The low power RF deck is made with a
vertical bakelite subdeck, 16 in. x 8 in. X
Ath in., mounted on 1%-inch studs from
the front panel. This 1%-inch space allows
space for wiring, resistors, condensers and
insulated flexible shaft couplings for the
variable condensers. Two 8 in. x 6 in.
aluminum shields are placed around the
buffer 45-stage to prevent reaction between
R1" stages.

The top deck is made with a chassis 17
ins. x 11 ins. x %-in. of No. 12 gauge
aluminum, with a vertical partition between
the plate tank circuit and the remainder of
the final amplifler parts. This vertical par-
tition strengthens the chassis, fastens to
the front panel, and provides a mounting
surface for the two neutralizing condensers
on stand-off insulators. All the parts are
arranged symmetrically so that all leads
on each side of the push-pull stage are
equal in length.

Circuit Details: On 75 meters, a 7000-volt
sinygle-section tank condenser having an ap-
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the r-f, speech, Variactor con- - L 2L
trol and power units for the @_ Lo
/4 KW phone transmitter. Al- Bus0 7
though the circuit diagram “m“l 5 = -
shows type 211 tubes in the av-8 e =0 2
final r-f amplifier, the tubes ? g_‘ @J =
actually used in this transmit- . - o - _
ter were Amperex type 211D.
Standard 2i1 types can also 2 e .
Tno

be used without change in the
circuit. This transmitter has | |
been given a thorough try-out
on the air, and reports from
amateurs 1000 miles away
state that the voice quality is
good, the signal strength R9
plus.

As can be seen from the cir-
cuit, the Jones Exciter is used
to drive the 45 stage which,
in turn, is capacitively coupled
to the single 210 driver for
the 21!s in the final amplifier.

proximate capacity of 100 uufds. is required
to properly load the antenna for linear
amplificntion. The coil is center-tapped
and by-passed to ground with a 5000-volt
002 ufd. mica condenser. No plate RF
choke is needed.

It the transmitter is to be operated on
20 meter operation, a split-stator plate
condenser is necessary and no grid r.f.
choke should be used.

A 25 or 40-watt Mazda lamp functions as
a plate load for the class C stage. This
resistor provides a more constant load than

o _TL“M
’ j‘E—l a:, 8665 = -*-‘

O

would be provided by the arid ecircuit of the
linear stage. More than half of the out-
put from the class C stage is dissipated in
this resistor. Placing the lamp in series
with the link coupling requires that 5
turns be placed around the center of the 75-
meter plate coil and 2 turns around the
center of the 211-grid coil. The loops and
links are made with ordinary No. 20 hook-
up wire.

When the transmitter is operated on CW,
a 5000-ohm b50-watt grid-leak must be
plugged into the final grid current measur-



182 A AA

The "RADIO"

Handbook AAA

Front and rear views of the /4 k-w Variactor controlled carrier phone transmitter.

ing jack, or in series with the C-battery
lead. The link coupling is then made with
one turn at each end and without the series
lamp. Keying may be done in the 53-cath-
ode current jack as fixed-bias and grid-
leak bias is placed on all the stages. Ix-
ternal B batteries are normally employed

for furnishing C-battery potentials; the
total charging current is low, between 10
and 15 MA for phone operation.

The final tank ceil is link coupled by 2
or 3 turns to an external antenna coil
circuit. This plate coil for 75 meters is
made of No. 12 wire on a 23 -inch form,
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seven turns per inch, with a total of 22
turns, center-tapped. All coils, except those
in the oscillator are center-tapped. The
grid coil is made of 10 turns of No. 18 DSC
wire, close wound on a 1%-inch diameter
torm. The 10-stage plate coil is made of
No. 18 DSC wire on a 1l%-inch diameter
plug-in eoil form, with 32 turns close wound,
The buffer c¢oil has 38 turns of a similar
winding. The doubler is the same as the 10-
stage coil, except that no center-tap is re-
-quired. The 160-meter oscillator coil is
close wound with 70 turns of No. 22 DSC
wire, also on a 11%-inch form.

Each panel must be provided with either
a terminal strip or with power sockets for
plug and cable cross connections. No. 12
gauge flexible wire will amply carry the
filament load to each tube socket without
4 drop in voltage. All filaments are by-
passed each side to ground with 001 ufd.
ccondensers placed at the tube sockets,

Miscellaneous Adjustments: An ordinary
2¥%-volt lamp and single turn of wire may
e used in making the ecircuit alignment.
When the oscillator and doubler is properly
tuned, the cathode current must not Dbe
over 60MA. The buffer stage current is
approximately 20MA in this case, and the
10-staze late current, on peaks, will be
between 50 and T0OMA. 1t is not necessary
to increase the 46 class B current to over
90 or 100MA for full modulation and out-
put.  The Mazda lamp will increase in
brilliancy when modulating with or without
a controlled carrier; with a controlled car-
rier. the lamp will increase from minimum
to moderate brilliancy.

The final stage is first adjusted without
carrier control, as is the practice with any
linear stage, preferably at low plate and
grid voltage. Without carrier control, the
grid current will be zero and the plate cur-
rent about 150 to 200 MA (at 1800 volts),
with no modulation, and not over one ar two

millinmperes of grid current when modu-
lated with a steady tone.

With carrier control, the grid current
will deflect upwards to between 5 and 10 MA
and the plate current on the final stage will
indicate up to about 300MA. If this value
is not attained, with good quality on speech
as received on a monitor, it is possible that
the antenna is insutliciently loaded or the
C-bias voltage is not slightly less than the
cut-oft value.

Variactor Controlled-Carrier Unit
For Small Transmitters

This unit can be quickly incorporated in
nearly any moderate or low powered phone
transmitter in order to provide controlled
carrier transmission. The unit described
here will control power of from 25 to 50
watts input to the class C stage, the oper-
ation being effected without disturbing the
type of modulation used.

Circuit: In gencral. the circuit follows the
principles outlined in the foregoing para-
araphs; however, it is required that the
power supply for the 2A3 have poor regula-
tion, such as that shown, in order that
linear operation can be secured. It is desir-
able that the 2A3 plate current through
CV-1 vary directly as the ratio of input AF
voltage from the modulator.

The input from the modulator choke or
driver stage consists of two of the new
midget 1%-ufd, oil-filled 1,000-volt conden-
sers in series with a 25,000-ohm, 40-watt
voltage divider. This provides a simple
means of setting the actual Al voltage to
the desired value which is to be supplied
to the grid.

C-bias should be of a value that will
bring the plate current of the 2A3 to be-
tween zero and ten milliamperes with no
input,

.8 Bl
40D ATOR  CHOwE
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DAIVER sTacg
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PRIMARY OF CLASS C STACE
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Circuit diagram of a Variactor

uTceC
AV-1

0-200

controlled carrier unit for
medium power phone trans-
mitters.
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Controlled Carrier Grid-Bias Modulation

Iixcellent results can be obtained with grid
bins modulation when used in conjunction
with controlled carriegw The final modu-
lated amplifier stage operates more effi-
ciently, with the result that more output
for a given amount of plate dissipation, or
the same equivalent output with much less
tube heating is obtained,

In the transmitter illustrated and shown
in the circuit diagram, the grid bias modu-
lation system is exactly the same whether
controlled carrier is switched in or out.

to drive its grid circuit, and thereby to
lower its plate impedance. In the circuit
shown the 2A5 modulator supplies this
power, as well as the power needed for the
modulation of the two type 50T tubes. The
46 grids should be tapped across about one-
half of the load resisior so as to not causxe
overload trouble in the 2A35 pentode output
circuit. A pair of 45 tubes of lower im-
pedance would be more suitable for a modu-
lator.

Since ouly the IDC change of plate cur-

L

Front and rear view of Jones controlled carrier grid-bias modulated phone transmitter.

The controlled carrier system uses a type
16 high mu tube in series with the buffer
or doubler stage. This 46 tube acts as a
cathode bias resistor, reducing the plate
current of the buffer r.f. tube to nearly zero
when there is no speech input. When the
microphone is spoken into, the 46 tube acis
as a V.T. voltmeter, with an increase of
its plate current just as in a class B audio
amplifier. This current increase also means
an increase of buffer tube current and r.f.
output.

The 46 tube requires a little audio power

rent is desired in the control of grid bias
of the buffer stage, an audio filter choke
and a pair of % mfd. condensers prevent
voice modulation in this stage. The DC
plate current follows the syllabic variations
of the voice, and therefore carrier power is
supplied to the grids of the final amplifier
in proportion to the voice input.

The 50T tubes operate cooler because
their plate current when idling is about
rd to % of that when fully modulating.
If greater control is desired, choke input
filter from the power supply would give




A A A Controlled Carrier Grid-Bias Modulation A A A |85

BUFFER STAGE

GRID COIL

L

FINAL

AMP

PLATE cOIL

JE =

!

B+t 600 - 1000V

e

ot
o
ON
°
2z
>

i MODULATOR
. yrot TUBE
= SPEECH
46 oa (2.46s)
CONTROL CARRIER
TuBE (S}
|
Fundamental circuit, show- © ®

ing how the carrier control
isapplied tothe bufferstage.

RK{8 ~ RK3{
OR 9308

23,000
20wy

éi’uo

T coutaoito
PR
Sworcn

s fLowaEs:

ALY 0w o

1200,

2A5

48 CarAEQ
conTas. T