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If this were to take place in a period of
one second it would be said to have a fre-
quency of two cycles. Hence, the tenm o0
cycle A.C. which is commonly used for des-
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Fig. 3. Mechanical analogy of the action

taking place in an A.C, transformer. As

the secondary current represented by

the weight “S” increases the primary
current also inereases,

ignating the type of electricity used in
home service, means 60 complete cycles or
120 alternations per second. The frequency
of alternating current is the number of
times a complete cycle takes place in a pe-
riod of one second.

To obtain a clear picture of the opera-
tion previously described let us refer to Fig.
1-B, which shows the hydraulic analogy.
We have a cylinder pump with a complete
loop through which a liquid can be pushed.
The piston of this pump is driven by a mo-
tor or else by hand. If the drive wheel “A”
is turned to the left the piston moves to the
left, forcing the liquid through the tube “L)”
in one direction and causing the indicator
at the top of the loop to indicate that pres-
sure is being exerted upon it. When the pis-
ton is to the extreme left and the motor-
driven disc has rotated through 180 degrees,
the flow stops, allowing the indicator hand
to return to zero, due to the two centering
springs which are attached to it. This indi-
cates half a cycle.

Then, as the motor is rotated through the
remaining 180 degrees, the opposite of the
previously mentioned action takes place,
causing the vane or indicator to register a
maximum in the opposite direction, and
then return to zero after the half of the
cycle is completed.

Associated with alternating current we
also have voltage or pressure, termed E.M.-

I*, or electromotive force, This voltage is
alternating 1 the sane manner as the cu
tent and at the same frequency,

1 e clief value of alternating cunent lies
in the fact that it can be transuntted over
long distances at higl voltages and low
currents, permitting the use of small wire
and greater saving i cost and at intervals
stepped down to lower voltages with high
currents thhougl the medium of the trans-
former. ‘1 he action of the transformer, brief-
ly explained, is to step the imposed voltage
up o1 down depending upon what the case
may require.
1f we connect a coil of wire such as shown
i Fig. 2A, preferably one that has an iron
core, to a 110-volt 60-cycle A.C. source, or
any A.C. gencrator for that matter, we find
that the continuously alternating  current
flow through the coil induces a magnetic
field (radiated lines of force) about the coil,
see IFig. 2A. This field Luilds up and col-
lapses twice for every cycle of the imposed
alternating current,

Now, if we were to place another coil in
close proximity to this coil and one of siin-
ilar design, we would find that the fluctuat-
ing magnretic field in the one coil would in-
duce an EM.F. or voltage in the added coil;
this is known as induction. The entire the-
ory of a transformer is based upon this fact
and operates on a plan or principle of mu-
tual induction.

If the two coils shown in Fig. 2B have
the same number of turns and we 1mpose a
potential of 110 volts upon the primary,
then theoretically we will have 110 volts
across the two terminals of the secondary.
No current will flow in this secondary until
it 1s either short-circuited wholly or in part,
either by connecting the two terminals to-
gether or by inserting between the two ter-
minals a resistor. The current which will
then flow depends upon the resistance of
the short circuit.

This resistor is known as the load circuit.
If the load circuit is purely resistive, that
is noninductive and non-capacitive, Ohm'’s
Law can be applied in the same manner as
when solving direct current problems. If no
load is connected across the secondary ter-
minals of the transformer, the only current
which will be flowing in the primary will
be that amount which is necessary to ener-
gize the primary circuit and is usually
termed the magnetization current. But, just
as soon us we impose a load upon the se-
condary and cause a current to flow in this
circuit, which incidentally flows in a direc-
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tion opposite to the current flow in the prim-
ary, we have an increase in the primary
current.

In order to obtain a clearer picture of
just what happens in the primary and se-
condary of a transformer we offer the me-
chanical analogy shown in Fig. 3. The two
outer scales marked from 0 to 10 in steps of
two units, represent the amount of current
in either primary or secondary that would
be shown on an ammeter.

The horizontal or tilting beam represents
the fields of the primary and secondary
moving in the opposite direction. The ratio
of the transformer is 1:1. The field of any

coil is analogous to the current flowing
through it.
Weight “S” represents the secondary

current: weight “P” represents the primary
current. As weight “S” moves down the
scale it increases the field or lines of force
of the secondary which, because they are
analogous to the current therein, are in op-
position to the ficld already in the core an
tend to decrease it, thus raising weight “P,”
which is the primary current, upward until
the platform becomes horizontal, indicating
the same amount of primary current as
secondary current.

When the weight “S” is opposite one
sern mark, weight “P” in this analogy, will
also be opposite the other zero mark. How-
cver, as previously mentioned, there is al-
wavs a slight amount of current flowing in
the primary circuit in order that it may be
energized,

Always remember that the current in the
primary and sccondary of the transformer
are opposite and that the fields are also
opposite.

In all cases, though, it is important to
remember that the frequency of the alter-
nating current in the secondary is absolute-
ly the same as the frequency in the primary
circuit.

So far as we have considered the two
coils, the primary and secondary windings
are identical and therefore the voltage in
the secondary circuit will be the same as
the voltage impressed upon the primary.
ITowever, if the number of turns in the se-
condary coil is one half the number of turns
in the primary coil, the voltage will also be
ane half of the primary voltage. As an ex-
ample: in transformer design, if we have a
primnary consisting of 550 turns and we im
pose a potential of 110 volts upon i1, we
find by dividing the number of turns by the
imposed voltage we have five turns per volt.

In designing the secondary then all we
have to remember is that for every volt re-
quired in the secondary circuit we should
have five turns. Space and time do not per-
mit the complete technical discussion of
transformer design and we suggest that the
readers refer to some of the excellent books
which have been published covering this
subject.”

If one would like to obtain a visual pic-
ture of the field and action of alternating
current when applied to a solenoid a simple
experiment can be made by constructing the
apparatus shown in Fig. 2C. This consists
of a coil having an iron core and beside this
core a thin piece of steel is mounted. By
fastening a piece of pencil lead to this piece
of steel and placing under it a piece of
paper, so that the lcad comes in contact
with the paper as it is moved along, the
electrical action can Dbe transferred to the
paper by applying 110-volts 60-cycle A.C.
to the coil, when the thin strip of stcel will
vibrate back and forth rapidly.

Now as we pull the paper forward at the
rate of | foot per second we will have ap-
proximately 60 complete cycles drawn on
the paper, very much similar to these shown
in Fig. 1A,

A hydraulic analogy of the action of a
transformer is illustrated in Fig. 2D, in the
form of a hydraulic jack. We have a small
pump to the left, which pumps liquid into
a large cylinder, forcing the piston of this
cylinder upward,
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Fig. 2D above shows a very interesting
analogy for the A.C. transformer, in
which the voltage applicd to the prim-
ary may be changed to a higher or low-
er voltage in the secondary. In the hy-
draulie press shown above, a pressure
of 50 pounds exerted by the small
downward moving piston at the left, is
eventually transformed into an inereased
pressure of 250 pounds in the large
cylinder at the right.
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material, and charge it positively, we can
draw or attract the electrons to it.

In Fig. 3 we show the action which takes
place in a tube having a cathode and a plate
or anode, as the plate is technically termed.
By connecting a battery between the anode
and cathode with the positive terminals of
the battery connected to the plate, we at-
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Simple hydraulic analogy 1o illustrate

how the grid in an electron tube acts

like a valve to regulate or control the

amount of current (water) passing be-

tween the plate (motor) and the cath-

ode (pump). The water reservoir in the

anualog diagram corresponds to the *B”

batiery or power supply unit in a radio

circuit.

tract electrons to this plate or anode. Cur-
rent will then flow between cathode and
anode, remembering always that the cur-
rent flow is analogous to the electron flow.

1f we insert a meter in series with the cir-
cuit we will find that it will show the
amournt of current flowing in the circuit.
This tube, as shown in Fig. 3, is known as
the diode or one having tuwo elements. 1f we
remove the battery from the circuit and
connect the negative side of the battery to
the plate and the positive side to the cath-
ode, no current will flow, because the nega-
tively charged plate will reject the elec-
trons.

Effect of A.C. on Tube

So far, we have considered a constant
polarity of voltage applied between the ca-
thode and anode. Now, if we were to apply
an alternating voltage between these two
elements (see explanations of alternating
current electricity), the plate will be alter-
nately charged positive and negative, which
means that current will only flow through
the circuit during the period when a posi-
tive voltage is applied to the anode. When
the anode side of the circuit becomes nega-
tive, current does not flow. In Fig. 4 we
illustrate what is termed rectification.

The innut circuit is indicated as alternat-
ine curvent while the output circuit shows

current flowing in only one direction during
half of the time of the input cycle. We have
flowing in the output circuit then, an inter-
rupted direct current or what would other-
wise be termed half-wave rectification. All
tubes of the diode type are therefore termed
half-wave rectifiers. The 81 is an example
of this type of tube.

By using two anodes we can obtain full.
wave rectification. This is shown in Fig. 4A.
A rectilier of this type is termed a fuli-
wave rectifier and an example is the 80
tube .

Returning to Fig. 3 we can readily un
derstand that as we change the degree of
positive potential (voltage) applied to the
plate, we will change the volume of elcc-
trons which are attracted to it. A low po-
tential of electrons will attract a small
amount of electrons, while a high potential
or high voltage will attract a greater num-
Ler of electrons. An important point to bear
in mind is that a negative potential repels
clectrons, while a positive potential attracts
them. (Unlike charges attract and vice ver-
sa.)

How the “Grid” Works

To have a better control over the amount
of current flow in the plate circuit of the
vacuum tube, we may insert a third element
known as the grid. Tubes having three ele-
ments are termed triodes the prefix “tri”
meaning three. This grid consists of a form
of screen between the anode and cathode
through which electrons must pass in order
to reach the plate.

This grid being located nearer to the ca-
thode or source of electrons, will have a
greater effect upon the electron stream
when it is charged either positively or neg-
atively. In Tig. 5, we have the same circuit
as in Fig. 3, excepting for the addition of
the grid. Because of the great effect this
grid has upon the electron flow, it is called
the control grid.

We may now apply either a positive or a
negative potential to this grid and obtain
a change in plate current or a change in the
number of electrons reaching the plate, be-
cause if the grid is charged negatively, it
will tend to repel or retard the flow of elec-
trons between the cathode and the plate.
This grid can be made so negative (biased)
that it will entirely cut off the flow of elec-
trons, reducing the plate current to zero.

As the grid becomes more positively
charged. an increase in the flow of electrons
to the plate will take place. That is, provid-
ing the potential (voltage) of the grid is not
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Diagrams abhove—Figs. 1 to 4A, show filament and cathode heater units; how elec-
trons flow from cathode to anode (3); rectification of A. C. passing through an
electron tube (4):; hook-up of full-wave rectifier tube (4A): detail of 1ube element;

as great as that of the plate. As this grid be-
comes entirely positive, relative to the ca-
thode, it will then collect a certain amount
of electrons from the stream and return
them to the cathode, causing current to
flow in the grid circuit.

In receiving circuits the output of the
vacuum tube depends upon the plate cur-
rent change, that is, the increase and de
crease in amplitude or, more simply stated,
the magnitude of the change. So, we can
readily see that by using this control grid,
which is located close to the filament, we
can effect great changes in the current flow-
ing in the plate circuit of the vacuum tube
with relatively small changes in the poten-
tral of the grid and thus obtain considerable
amplification in radio circuits.

In Fig. 5a, we show what happens when
A.C. is applied to the input circuit of a tri-
ode, biased (bias usually means applying a
fixed negative or positive charge, indepent
ent of the signal voltage, to the grid of the
tube) so that the plate current is of fairly
low value, but nowhere necar the cnt-off
point. We slhiow the input signal to the grid
as alternating current, where it rises above

4B).

and falls below the zero mark. As the input
signal swings the grid more positive, or
hetter stated—Iless negative—the plate cur-
rent begins to rise above what is common-
ly termed the “no-signal” (static) plate cur-
rent value: that is, the normal value of plate
current with no applied signal.

This constitutes one-half of the cycle of
the input signals. On the other half of the
input-signal cycle, the grid becomes inore
negative, causing the plate current to fall
below its normal no-signal value. (See pre-
vious cxplanation under “How the Gril
Works.”) Now, in the plate circuit, we have
apparently the same wave form as the in-
put signal. The input signal was A.C.; how-
ever, A.C. does not flow in the plate circuit
of the tube. This fluctuating replica of the
input signal is termed the alternating com-
ponent of the plate current. (“Plate current”
is the current flowing through the circuit
from cathode to plate, or anode, when the
electron stream is established by heating
the filament.)

if we were to connect earphones in series
with the plate circuit, we would he able to
hear the incoming signal reproduced and
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amplified in the plate circuit, that is if it
was of low enough frequency to come with
in the range of the human ear

The fluctuating plate current or the altes
nating component of the plate current
would cause the diaphragm of the earphone
to vibrate due to the varving current flow
ing through the phones and the change i
the magnetic pull on the diaphragm.

So long as the voltage of the incoming
signal does not exceed the value of the bia
battery, there will he no grid current flow
ing through the phones and the change iu
the magnetic pull on the diaphragm.

So long as the voltage of the incoming
signal does not exceed the value of the bias
battery, there will be no grid current flow
ing, because the grid will never go com
pletely positive. On the positive half of the
input signal the grid, in reality, becomes
just less negative.

If we were to insert a resistor (R) in se-
riez with the plate circuit, the fluctuating
current flowing through the resistor would
cause a voltage drop across the resistor
varying directly with the plate current. The
ratio of this varying voltage drop to the in
put signal voltage, is known as the gain of
the tube or the voltage amplification

Tubes Have Capacity Between Elements

In all types of vacuum tubes, we have in
reality a number of small condensers in that

there is a definite electrical capacity, for
instance, between the plate and the grid,
between the grid and cathode, and also be
tween the plate and cathode, for the simple
reason that each of these elements can be
likened to the plates of a small condenser
(current absorber). The grid to cathode
capacitance 1s termed the inputl capacitance.
I'he output capacitance is the capacity be
tween the plate and cathode. In many very
“mgh-gain” circuits, it is necessary to neu
tralize the plate to grid capacity in order
that energy will not be fed back from the
plate circuit to the grid circuit

The Screen-Grid

This can be accomplished either by ex.
ternral methods of neutralizing, which will
be explained later, or b mmserting a shield
Oor a screen between the plate of the tube
and the gnrid. This is commonly termed the
screen-grid and tubes having a control grid
and a screen-grid. together with the anode
and cathode, are termed tetrodes.

This screen-grid is so designed that it
will effectively shield the plate from the
grid. While the plate to grid capacity of a
tnodel may be as great as 8 mm{., the plate
to grid capacitance of a screen-grid tube
may be reduced 1o a value as low as .007
mmf. This screen must be constructed so
that 1t will not materially obstruct the flow
of electrons between the cathode and plate;




therefore, it is made in the form of wire
mesh,

It also must not be negatively charged
because the flow of electrons would also
be impeded. Therefore, a positive potential
is in most cases applied to the screen-grid
in order to accelerate the flow of electrons
to the plate. This screen being an electro-
static shield must be by-passed with a con-
denser to the cathode in order to be
grounded, in so far as high frequency cur-
rents are concerned.

The voltage applied to the screen is usu-
ally lower than the plate voltage. The
stream of electrons going to the plate being
greatly accelerated by the screen-grid, may
strike the plate at such a terrific speed that
they will dislodge other electrons, which
may be attracted to the screen, which is the
nearest positively charged element. This is
known as secondary emission and limits the
output capabilities of the tube. This con-
dition can be overcome by inserting be-
tween the screen and the plate another ele-
ment which will not obstruct the flow of
electrons to the plate but prevent them
from returning to the screen.
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In order to accomplish this, the third grid
or suppressor is usually connected directly
to the cathode in order that electrons dis-
lodged from the plate may continue back
via the suppressor to the cathode.

In some tubes such as the type 34 and 39
this suppressor is connected directly to the
cathode of the tube internally. However,
tubes such as types 57 and 58 have a separ-
ate pin on the base for this suppressor grid,
in order that in special circuits a positive or
a negative voltage may be applied to it. The
values, of course, will be dependent upon
the circuit requirements. In large transmit-
ting tubes of the pentode type (pentode 1is
a name given to all tubes having 5 ele-
ments), this suppressor is positively charged
to the order of 30 or 40 volts.*

*Some excellent books covering the electron theory
and the nperation of electron tubes are:
“Flectrons at Work,” by Charles D. Underhill.
“Radio Receiving Tubes,” by Moyer & Wostrel.
The RCA Tube Manual also contains a wealth of
information covering the operation of various types
nf vacuum tubes.

“Principles of Radio Communication,” Prof. h
H. Morecroft. e e
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CHAPTER 3

RESISTANCE, INDUCTANCE

Al

and CAPACIT)

® RESISTANCE Capacity and indudtance
1n order to understand how a vacuuin
tube oscillates, how tuned circuiis work and
the function of a tuning condenser. 11 s
necessary (o become famliar with tlese
three very important subjects
Reststance

When electrical current flows through a
wire or some other conducting medium 1t
encounters resislance or upposition, the
same as the How of material substances
For instance, a certain amount of wate
can be forced through a length of one et
pipe with a dehnite pressure. In other
weords, the size of the pipe offers resistance
1o the flow. The larger the pipe becomes
the greater amount of water can be forced
through it at a definite pressure, or the larg
er the pipe becomes, the less its resistance
will be

This holds true in conductance of elee
tricity inasmuch as a fine wire or conducto
offers a greater amount of resistance than
a heavy conductor. The resistance of a con
ductor is inversely proportional to its c¢ro--
sectional area and with some materials 1
fact most of themn, the resistance also in
creases as the temperature rises.

In dealing with resistance in electrical
circuits, we have what is known as Ohm's
LLaw. In Ohm's Law, we have ‘o conside:
three things: First, the flow of electricity,
which is current; second, the force or pres
sure, which is voliage; and third, the resist
ance which the flow of electricity encoun
ters. Three letters are assigned to the above,
and they are:

I =Current
E=Voltage (EMF)
R = Resistance

The formulas for finding the resistance,
vultage, or current, where either two of the
three are known are as follows:

olwe Te Tesistols ate ol
nected 1 senies the total value of the re
istance a5 the sum of all the resistors In
other words, thice S ohin resistors an
: have a total resistance of 15 ohms

H wlhen resistors are connected in

clle

para method of caliulaton 1s a bt
f we have
three | m paralle!, on
has the I ss, another of 10
a ot siinula for expres
sing thus is
|
|
I
1+ 0§
2857 H
Capacny

Most of us are famihiar with the now well
NITOW 1) C [« wh h IS 4an mnstrument
capable of stoning Up 4 certain amount of
clectricity and consists  of two or more
plates placed adjacent 1o each other, with
msulation of either air or some other in
sulating medium W hey, 4 constant direct
voltage s applied between the plates of a
utide wurrent will flow into the con
denser,  unul  (he condenser becomes




charged to its maximum capacity. The cur-
rent then ceases to flow and the condenser
is charged. Then, after the source of elec-
tricity (battery for example) i removed
from the circuit, the condenser will hold its
charge until, due to its inherent (conduc-
tivity of dielectric) resistance, the power 1S
dissipated.

If the insulation is mica or parafined
(waxed) paper, the condenser will hold its
charge for a considerable length of timec.
In large condensers of one or two micro-
farads the charge may remain in the con-
denser for several hours. This can be
proved by short-circuiting the two termin-
als of the condenser and noting the sparl.,

o1 ammeter (ould Dbe connected

4an
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of the charging source stored up as electro-
static energy in the dielectric.

A simple analogy for the action of an
electrical condenser is a sponge, which ab-
sorbs water when placed in a cupful of it,
for example, and afterwards is pressure is
exerted on the sponge, then it gives up the
water stored in it. It requires 1 coulomb
(ampere-second) to charge a condenser of
| farad to a potential of 1 volt. A condenser
having a capacity of 1 mf. (1 mf.=1 mil-
lionth of 1 farad) requires a charge of 1
millionth of 1 coulomb to charge it to a
potential of 1 volt.

Inductance

The coils uscd 1n radio circuits are called

inductances or inductors” In the drawings we
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In Fig. 1 we have a diagram showing how the size of a pipe governs the amount that
can be forced through it. In Fig. 2 we have resistors connected in series; in Fig. 3
they are connected in parallel; the formulae are given in the text. In Fig. 1 is the hy-
draulic analogy for the action of a condenser when alternating current is applied to it.
Iig. 5 shows the magnetic fields and direction of current flow in straight wires and
coila; also the right-hand rule is given, where, if the thumb points in the direction
of the current flow, the four fingers will curve around the conductor in the direction
of the magnetic field

across the condenser and it would indicate
the current flowing until the condenser was
completely discharged and the power dis
sipated. The unit of capacity is a farad;
however, in radio work, we use consider-
ably smaller units in our condensers.

A microfarad is one millionth of a farad,
and one micro-micro-farad is one millionth
of a microfarad. The most vital part of a
condenser is the dielectric or insulating ma-
terial because, contrary to popular helief, it
is in the dielectric that the charge resides.
When a condenser is charged, the dielectric
opposes the setting ap of an electric dis-
placement of an electric field in the dielec-
tric and the charge is said to be the energy

see how an electro-magnetic field may be
produced around the wire when a current
is passed through it. If the flow of current
through a conductor is constant (D.C.) a
steady electro-magnetic field is produced
around the conductor. However, when al-
ternating current (abbreviated A.C.) flows
through a conductor, the current flow is
constantly changing and likewise the field
is changing.

When current begins to flow through
a wire the circular electro-magnetic field
originates at thec center of the conductor
and travels outwardly away from the center
in constantly increasing diameters and of
course, extends into the space surrounding
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the wire. Until this field becomes of larger
diameter than the wire, it causes a second
current to flow in opposition to the main
current.

When the current flow through the wire
decreases or stops, the circular fields col
lapse and are then said to cut the wire in
ever-diminishing diameters. This induces a
current in the opposite direction to the field
but in the same direction as the original
(exciting) applied current, tending to pro-
long the flow of the exciting current.

This property of a coil or conductor to
act upon itself or another inductor in close
proximity to it, is called inductance. The unit
of inductance is the henry and in most

less inductance than one of the same lengti
which was coiled

Induction subdivides into two branches—
self and mutual induction. If the current pass.
ing through a coil, for example, is rising
from zero to maximum value, such as when
the circuit is closed from a battery, (or the
first half of an alternation of an alternating
current) the magnetic field around the wire
is expanding and while this is taking place
there is induced in the conductor a counter-
curreat (and counter em.f. or voltage)
which tends to buck or oppose the current
(and voltage) which is producing the field.

As one of the diagrams shows there is
electrical energy stored up in an inductive
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Fig. 6 above shows measurement of resistance. Fig. 7 shows how pressure or voltage

decreases with increase in resistance to flow of water or electric current. Fig. 7 shows

how pressure or voltage decreases with increase in resistance to flow of water or elec.

tric current. Fig. 8 shows action of expanding and contracting magnetic fields. Fig. 9

shows mechanical “spring” analogy for inductance; Fig. 10—Fly wheel analogy of
inductance. Fig. 11— Analogies for condenser.

formulas it is usually designated by the
symbol “L.” A henry is the inductance of a
circuit in which the induced E.M.F. is one
volt, when the (varying) current travels at
the rate of one ampere in one second. Usu-
ally in radio circuits, inductance values are
indicated as one thousandth of a henry or
onc milli-henry; a millionth of a henry is
known as a micro-henry, The physical dimen-
sions and form of a circuit, determine the
amount of inductance and it is for this rea-
son that our radio circuits consists of coils
rather than straight wire, because a greater
amount of inductance can be obtained hy
coiling the wire, also allowing considerably
less D.C. resistance because less wire 15
used. A straight wire, of course, would have

circuit, just as if you had compressed a
spring. The opening of the circuit, and
spark at the switch, corresponds to releas-
ing the compressed spring and heaving off
the weight.

Another analogy is the flywheel. The in-
ertia of the wheel opposes any force to
set it in motion; once in motion, the en-
ergy tied up in the wheels tends to keep it
going, if any effort is made to stop it.

Let us consider for a moment now the
next phase of the action taking place when
the circuit is opened or when the second half
of the alternation of an applied A.C. is tak-
ing place. Now the magnetic field around
the wire or turns of wire comprising the

coil is contracting and while this occurs,
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th‘e ines of magnetic force are cutting the
wir in the opposite direction and a current
of oposite sign is induced in the wire, this
cur nt being in the same direction as the
apied (exciting) current which is flowing

aroad the wire and creating the magnetic
fiel

I other words, the self-induced e.m.f. is
in e opposite direction, while the field is
expiding about the wire, and tends to op-
poc it while the opposite is the case when
thefield is contracting and the current is
the in the same direction or aids the in-
duang current and acts to prevent its decay.

] will be apparent, of course, that while
the:urrent is varying in strength or let us
sa* ncreasing, the field about the coil is ex-
pa'ing, and the lines of magnetic force
¢x nding out from the coil composed of a
nu ber of turns, will induce a current by
incetion in a second coil, placed near or
«d cent to the first or exciting coil.

we term the exciting coil No. 1, and
th adjacent unconnected coil as No. 2, coil
2 said to have a current induced in it by
(le ro-magnetic induction. As the magnetic
fie in coil No. 1 subsides, the magnetic
1 of force surrounding coil No. 2 also
u ides. At the same time these lines of
, e cut across the turns in coil No. 1 and
in ce therein an e.m.f. or voltage (also a
c1rent) and thus we have a third e.m.f. set
upry induction.

> begin with, we have the original ex-
cig em.f. in coil 1; secondly we find an
iniced em.f. in coil 2; and thirdly, there
s reinduced e.m.f. in coil 1, due to the re-
acon of the magnetic field surrounding

coil 2, and this effect is what is known as
mutual induction.

The usual radio tuned circuit consists of
a coil and a condenser, namely: inductance
and capacity. Coils or inductances have what
is known as inductive reactance. When the
capacity reactance minus the inductive re-
actance equals zero, at some certain fre-
quency, the circuit is said to be in resonance.

When the condition known as Resonance
has been established in any given circuit,
whether a series or parallel type circuit,
then we know that the inductive and capac-
itive reactance are equal, and that they bal-
ance each other. When this condition has
been achieved their reactive effect upon the
circuit is zero. Under these conditions, or
when the circuit has been made resonant,
(by the proper adjustment of the capacity
and the inductance of the circuit) any cur-
rent flowing in the circuit due to an applied
e.m.f. will be that due simply to the ohmic
or direct current resistance in the circuit.
Expressed another way, the current passing
through such a resonant circuit will be giv-
en by the expression: I=E+R,

The difference between the capacitive and
inductive reactance of a circuit at some
frequency is called the impedance. How-
ever, at resonance, this is always zero, and
the losses in the circuit are due only to the
usual D.C. resistance of the circuit, through
which the currents are flowing.

In Fig. 4 we see a hydraulic analogy of
current flowing into a condenser. When the
piston is moved forward, the elastic parti-
tion will bend or become curved but will
not allow the liquid to be transferred from
one side to the other.
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CHAPTER 3

RESISTANCE,

Vissaleun
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INDUCTANCE

and CAPACITY

® RFSISTANCI capacity and indudctance,
in order to understand how 4 \vacuuin
tube oscillates, how tuned cicuits work, and
the function of a tumng condenser, 1t 1
necessary tu become fannhar with
three very important subjects
Kesistance
When electical current lows through
wire o1 some other conducting medium 1
chcounters  resistance 01 opposition,  the
same as the flow of matenial substances
For anstance, a certamm amount of wator,
can be forced thiough a length of one wnch
prpe with a detimite  pressute  In other
wotds, the size of the pipe offers resistance
te the flow  The laiger the pipe becomes
the greater wmount of water can be forced
through it at a defimte pressure, or the larg-
er the pipe becomes, the less 1ts resistuatice
will be
This holds true in conductance of (led
tricity inasmuch as a fine wire o1 conducton
offers a greater amount of resistance than
a heavy conductor. The resistance of a con
ductor 1s inversely proportiona] 1o its cross
sectional area and with some matenals, 1n
fact most of them, the resistance also i
creases as the temperature rises
In dealing with resistance 1 electrical
circuits, we have what is known as Ohm's
l.aw. In Ohm's Law, we have ‘o consider
three things: First, the flow of clectnianty,
which is current; second, the force or pre--
sure, which is voltage; and third, the resist-
ance which the flow of electricity encoun
ters. T'hree letters are assigned to the above,
and they are:
I =Current
E=Voliage (EMI)
R =Resistance
I he formulas for finding the resistance,
voltage, or current, where either two of the
three are known are as follows:

thiese

|
! KN
Whew thh o Cc morc 1esistors ai cou
nected i oseres the total value of the re

sistance s the sume f bl the resistors I
other words, thiedo S ohinn rosistors 1 <enie
would have a total resistance of 15 ohans
Howaver wlontesistors are connected in
patallel tle mathod of calculation os g bt
mere comphoatad Poranstace, of we have

three 1esastors connccted e paralle], on.
has the resistance o S ohins, another of 10

)
20

and anothog Fhe formula for expires

sing thas s

N [}

Cuapauty

Most of us are famihiar with the now well-
Kknown which s an nstrument
Capable of stoning up o Certuin amount of
clectnaty and consists of two o 1ore
plates placed adjacent 16 each other, with
msulation of either air or some other 1n
sulating nedium When 4 constant direct
voltage as apphicd botween the plates of 4
condensar, currant wall flow 1o the con
denser, untl  the condenser  becomes

condanser
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charged to its maximum capacity. The cur-
rent then ceases to flow and the condenser
is charged. Then, after the source of elec-
tricity (battery for example) is removed
from the circuit, the condenser will hold its
charge until, due to its inherent (conduc-
tivity of dielectric) resistance, the power is
dissipated.

If the insulation is mica or parafined
(waxed) paper, the condenser will hold its
charge for a considerable length of timc.
In large condensers of one or two micro-
farads the charge may remain in the con-
denser for several hours. This can be
proved by short-circuiting the two termin
als of the condenser and noting the sparl.,

of the charging source stored up as electro-
static energy in the dielectric.

A simple analogy for the action of an
electrical condenser is a sponge, which ab-
sorbs water when placed in a cupful of it,
for example, and afterwards is pressure is
exerted on the sponge, then it gives up the
water stored in it. It requires 1 coulomb
(ampere-second) to charge a condenser of
1 farad to a potential of 1 volt. A condenser
having a capacity of 1 mf. (1 mf.=1 mil-
lionth of 1 farad) requires a charge of 1
millionth of 1 coulomb to charge it to a
potential of 1 volt.

Inductance

I'he coils uscd 1n radio circuits are called

inductances or inductors” In the drawings we
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In Fig. 1 we have a diagram showing how the size of a pipe governs the amount that
can be forced through it. In Fig. 2 we have resistors connected in series; in Fig. 3
they are conneeted in parallel; the formulae are given in the text. In Fig. 1 is the hy-
draulic analogy for the action of a condenser when alternating current is applied to it.
Iig. 5 shows the magnetic fields and direction of current flow in straight wires and
coils; also the right-hand rule is given, where, if the thumb points in the direction
of the current flow, the four fingers will curve around the conductor in the direction
of the magnetic field

across the condenser and it would indicate
the current flowing until the condenser was
completely discharged and the power dis
sipated. The unit of capacity is a farad;
however, in radio work, we use consider-
ably smaller units in our condensers.

A microfarad is one millionth of a farad,
and one micro-micro-farad is onc millionth
of a microfarad. The most vital part of a
condenser is the diclectric or insulating ma-
terial because, contrary to popular helief, 1t
is in the dielectric that the charge resides.
When a condenser is charged, the dielectric
opposes the setting ap of an clectric dis-
placement of an electric field in the dielec-
tric and the charge is said to be the energy

see how an electro-magnetic field may be
produced around the wire when a current
is passed through it. If the flow of current
through a conductor is constant (D.C.) a
steady electro-magnetic field is produced
around the conductor. However, when al-
ternating current (abbreviated A.C.) flows
through a conductor, the current flow is
constantly changing and likewise the field
is changing.

When current begins to flow through
a wirc the circular electro-magnetic field
originates at thc center of the conductor
and travels outwardly away from tlie center
in constantly increasing diameters and of
course, extends into the space surrounding
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the wire. Until ibis feld beconmes
disgmeter than the wire, It causey & » ,
current 10 flow 1 upposition to the man
current

When the current Aow through the wire
decreases or stops, the cucular fields
lapse and are then said 1o cut the wire
ever-diminishing diamcters This induces 4
current in the opposite direction 1o the field
but in the same direction as the onginal
(exciting) applied current, tending to )
long the flow of the exciting curreni

This property of a coil or conductor to
act upon itself or another inductor In close
proximity to it, is called inductance. The unit

of inductance is the henry and I most
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Fig. 6 above shows measurement of resistunce. Fig. 7 shows how pressure or voltage
decreases with increase in resistance to flow of water or electric current. Fig. 7 shows

how pressure or voltage decreases with increase in resistunce 1o flow of water ur elec.
tric current, Fig. 8 shows action of expanding and contracting magnetic fields. Fig. 9

shows mechanical “spring” analogy for inductance; Fig. 10

Fly wheel analogy of

inductance, Fig. 11— Anulogies for condenser,

formulas it is usually designated by 1the
symbol “L."” A henry is the inductance of a
circuit in which the induced EM.F. is one
volt, when the (varying) current travels at
the rate of one ampere in one second. Usu
ally in radio circuits, inductance values are
indicated as one thousandth of a henry or
one milli-henry; a millionth of a henry is
known as a micro-henry. The physical dimen
sions and form of a circuit, determine the
amount of inductance and it is for this rea-
son that our radio circuits consists of coils
rather than straight wire, because a greater
amount of inductance can be obtained hy
coiling the wire, also allowing considerably
less D.C. resistance because less wire 1s
used. A straight wire, of course, would have

circuit, just as if you had compressed i
spring. The opening of the circuit, and
spark at the switch, corresponds to releas-
ing the compressed spring and heaving off
the weight.

Another analogy is the fiywheel. The in
ertia of the wheel opposes any force to
set it in motion: once in motion, the en
ergy tied up in the wheels tends 10 keep it
going, if any effort is made to stop it.

Let us consider for a moment now the
next phase of the action taking place when
the circuit is opened or when the second half
of the alternation of an apphied A.C. is tak-
ing place. Now the magnetic field around
the wire or turns of wire comprising the
coil 1s contracting and while this occurs
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the lines of magnetic force are cutting the
wire in the opposite direction and a current
of opposite sign is induced in the wire, this
current being in the same direction as the
applied (exciting) current which is flowing
ground the wire and creating the magnetic
eld,

In other words, the self-induced e.m.f. is
in the opposite direction, while the field is
expanding about the wire, and tends to op-
pose it while the opposite is the case when
the field is contracting and the current is
then in the same direction or aids the in-
ducing current and acts to prevent its decay.

It will be apparent, of course, that while
the current is varying in strength or let us
say increasing, the field about the coil is ex-
panding, and the lines of magnetic force
expanding out from the coil composed of a
number of turns, will induce a current by
induction in a second coil, placed near or
adjacent to the first or exciting coil.

If we term the exciting coil No. 1, and
the adjacent unconnected coil as No. 2, coil
2 is said to have a current induced in it by
electro-magnetic induction. As the magnetic
field in conil No. 1 subsides, the magnetic
lines of force surrounding coil No. 2 also
subsides. At the same time these lines of
force cut across the turns in coil No. 1 and
induce therein an e.m.f. or voltage (also a
current) and thus we have a third em.f. set
up by induction.

To begin with, we have the original ex-
citing e.m.f. in coil 1; secondly we find an
induced e.m.f. in coil 2; and thirdly, there
is a reinduced e.m.f. in coil 1, due to the re-
action of the magnetic field surrounding

15

coil 2, and this effect is what is known as
mutual induction.

The usual radio tuned circuit consists of
a coil and a condenser, namely: inductance
and capacity. Coils or inductances have what
is known as inductive reactance. When the
capacity reactance minus the inductive re-
actance equals zero, at some certain fre-
quency, the circuit is said to be in resonance

When the condition known as Resonance
has been established in any given circuit,
whether a series or parallel type circuit,
then we know that the inductive and capac-
itive reactance are equal, and that they bal-
ance each other. When this condition has
been achieved their reactive effect upon the
circuit is zero. Under these conditions, or
when the circuit has been made resonant,
(by the proper adjustment of the capacity
and the inductance of the circuit) any cur-
rent flowing in the circuit due to an applied
e.m.f. will be that due simply to the ohmic
or direct current resistance in the circuit.
FExpressed another way, the current passing
through such a resonant circuit will be giv-
en by the expression: I=E~R.

The difference between the capacitive and
inductive reactance of a circuit at some
frequencyv is called the impedance. How-
ever, at resonance, this is always zero, and
the losses in the circuit are due only to the
usual D.C. resistance of the circuit, through
which the currents are flowing.

In Fig. 4 we see a hydraulic analogy of
current flowing into a condenser. When the
piston is moved forward, the elastic parti-
tion will bend or become curved but will
not allow the liquid to be transferred from
one side to the other.
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CHAPTER 3

RESISTANCE,

INDUCTANCE

and CAPACITY

® RESISTANCUY capaaity and indudtance,
in order to understand how 4 vacuun
tube vsaillates, how tuned Grcuts work, and
the function of a twnng condenser, 1t s
necessat) to becutne fanuhiar with
three very nnportant subjects
Resistance
When electiical current lows thiough o
wire ol somme other conducting medinm 1t
tesistance o1 opposition, the
same as the How of matcrial substance-
For mstance, 4 certain gaimount of
can be forced thiough a length ot one sndh
Mpe with a defimte  pressuie In other
woutds, the size of the pipe offers resistance
to the flom  lhe larger the pipe becomes
the greater amount of water can be forced
through 1t at a dehite piessure, or the larg-
e1 the pipe becomes, the less 1ts resistance
will be
I'his holds tiue in
tncity inasmuch as a fine wite o1 condudton
offers a greater amount of 1esistance than
a heavy conductor, ‘Lhe resistance of a4 con
ductor is inversely proportionil to its cro s
sectional area and with sonmie matenals, 1n
fact most of themn, the resistance also i
creases as the temperature rises
In dealing with resistance 1 electrical
circuits, we have what is hnown as Ohn s
l.aw. In Ohm's Law, we have ‘0 considel
three things: First, the tlow of clectriany,
which is current; second, the force or pre--
sure, which is voltage; and third, the resist
ance which the flow of electricity encoun-
ters. I'hree letters are assigned to the above,
and they are:
Il =Current
E=Voltage (EMIY)
R=Resistance
I he formulas for finding the 1esistance
voultage, or current, where erther tvo of the
three are known are as follows

these

encountelrs

Wated,

conductance of e

Whew th 1

nectod an

e be tesistoars a o g

total
sistance s the sunme ot all the

sclies e value ot the e
1Tesistuis
other words, thice S Gl resistas 1 cette
would have a4 total resistan ¢ of 15 olins
Howaver wlhon tesistors ac connected o
parallel tle mathod of caliulation as 4 bt
more complicsted For wstonce, if we have

thieo rosistars conmovted e paralle]l o

has the t¢ istace of § ohnns, anothier of 10
and ancthar ot 200 e tormula tor eapres

sing this s

1
I\ !
| It 1
It N K
|
I
R B A TS
[ oy RO2KS87
N
Capaity
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Known which s an ainstruiment
capable of sturing up o cartain amount of
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charged to its maximum capacity. The cur-
rent then ceases to flow and the condenser
is charged. Then, after the source of elec-
tricity (battery for example) is removed
from the circuit, the condenser will hold its
charge until, due to its inherent (conduc-
tivity of dielectric) resistance, the power i
dissipated.

If the insulation is ica or parafined
(waxed) paper, the condenser will hold its
charge for a considerable length of timc.
In large condensers of one or two micro-
farads the charge may remain in the con-
denser for several hours. This can be
proved by short-circuiting the two termin-
als of the condenser and noting the sparlk,

of the charging source stored up as electro-
static energy in the dielectric.

A simple analogy for the action of an
electrical condenser is a sponge, which ab-
sorbs water when placed in a cupful of it,
for example, and afterwards is pressure is
exerted on the sponge, then it gives up tle
water stored in it. It requires 1 coulomb
(ampere-second) to charge a condenser of
! farad to a potential of 1 volt. A condenser
having a capacity of 1 mf. (1 mf.=1 mil-
lionth of 1 farad) requires a charge of 1
millionth of 1 coulomb to charge it to a
potential of 1 volt.

Inductance

The coils uscd 1n radio circuits are called

inductances or inductors”In the drawings we
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In Fig. 1 we have a diagram showing how the size of a pipe governs the amount that
can be forced through it. In Fig. 2 we have resistors connected in series; in Fig. 3
they are connected in parallel; the formulae are given in the text. In Fig. 1 is the hy-
draulic analogy for the action of a condenser when alternating current is applied to it.
Fig. 5 shows the magnetic fields and direction of current flow in straight wires and
coils; also the right-hand rule is given, where, if the thwoub points in the direction
of the current flow, the four fingers will curve around the conductor in the direction
of the magnetic field

across the condenser and it would indicate
the current flowing until the condenser was
completely discharged and the power dis-
sipated. The unit of capacity is a farad ;
however, in radio work, we use consider-
ably smaller units in our condensers.

A microfarad is one millionth of a farad,
and one micro-micro-farad is one millionth
of a microfarad. The most vital part of a
condenser is the dielectric or insulating ma-
terial because, contrary to popular belief, it
is in the diclectric that the charge resides.
When a condenser is charged, the dielectric
opposes the setting ap of an electric dis-
placement of an electric field in the dielcc-
tric and the charge is said to be the energy

see how an clectro-magnetic field may be
produced around the wire when a current
is passed through it. If the flow of current
through a conductor is constant (D.C.) a
steady electro-magnetic field is produced
around the conductor. However, when al-
ternating current (abbreviated A.C.) flows
through a conductor, the current flow is
constantly changing and likewise the field
is changing,

When current begins to flow through
a wire the circular electro-magnetic field
originates at the center of the conductor
and travels outwardly away from tlie center
in constantly increasing diameters and of
course, extends into the space surrounding
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® RESISFANCE capaaty and mductance,
in order to understand how a vacuurs
tube oscillates, how tuned circuts work, and
the function of a tuning coudenser, 1t 1y
necessary to become fannhiar with these
three very nmportant subjects
Resistance

When electincal current Hows through
wire or some other conducting medoun a1t
encounters resistance o1 oppousition, the
same as the tow of material substances
For iustance, a certain wnount of water,
can be forced through a length of one ndh
mpe with a definite pressure  In othes
wourds, the size of the pipe offers resistance
to the flow. T'he larger the pipe becoumes,
the greater amount of water can be forced
through it at a definite pressure, or the larg-
er the pipe hecomes, the less 1ts resistance
will be.

This holds true in conductance
tricity inasmuch as a fine wire or conducton
offers a greater amount of resistunce than
a heavy conductor. The resistance of a con-
ductor is inversely proportional to its cross
sectional area and with some matenals, m
fact most of them, the resistance also 1n-
creases as the temperature rises.

In dealing with resistance in electiical
circuits, we have what is known as Ohin's
[l.aw. In Ohm's Law, we have :o consides
three things: First, the flow of electricity,
which is current; second, the force or pre--
sure, which is voltage; and third, the resist-
ance which the flow of electricity encoun-
ters. Three letters are assigned to the above,
and they are:

I =Current
E=Voltage (EMF)
R=Resistance

I'he formulas for finding the resistance,
voultage, or current, where either two of the
three are known are as follows:
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Capaaity

Most of us are fanmliar with the now well-
known condonser which iy an mstrunent
capuble of stonimg up 4 certain wnount of
ectnicity and consists of two or more
plates placed adjacant 1o eadls other, with
msulation of enlier 4ir or some other -
sulating medium When 4 constant direct
voltage s apphicd batween the plates of 4
condenser, current will flow mmto the con
den<er, unul  the condenser becomes
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charged to its maximum capacity. The cur-
rent then ceases to flow and the condenser
is charged. Then, after the source of elec-
tricity (battery for example) is removed
from the circuit, the condenser will hold its
charge until, due to its inherent (conduc-
tivity of dielectric) resistance, the power is
dissipated.

If the insulation is inica or parafined
(waxed) paper, the condenser will hold its
charge for a considerable length of timc.
In large condensers of one or two micro-
farads the charge may remain in the con-
denser for several hours. This can be
proved by short-circuiting the two termin-
als of the condenser and noting the spatk,

of the charging source stored up as electro-
static energy in the dielectric.

A simple analogy for the action of an
electrical condenser is a sponge, which ab-
sorbs water when placed in a cupful of it,
for example, and afterwards is pressure is
exerted on the sponge, then it gives up the
water stored in it. It requires 1 coulomb
(ampere-second) to charge a condenser of
1 farad to a potential of 1 volt. A condenser
having a capacity of 1 mf. (1 mf.=1 mil-
lionth of 1 farad) requires a charge of 1
millionth of 1 coulomb to charge it to a
potential of 1 volt.

Inductance

The coils uscd 1n radio circuits are called

inductances or inductors”Tn the drawings we
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In Fig. 1 we have a diagram showing how the size of a pipe governs the amount that
can be forced through it. In Fig. 2 we have resistors connected in series; in Fig. 3
they are connected in parallel; the formulae are given in the text. In Fig. 1 is the hy-
draulic analogy for the action of a condenser when alternating current is applied to it.
Iig. 5 shows the magnetic fields and direction of current flow in straight wires and
coils: also the right-hand rule is given, where, if the thumb points in the direction
of the current flow, the four fingers will curve around the conductor in the direction
of the magnetlic field

across the condenser and it would indicate
the current flowing until the condenser was
completely discharged and the power dis-
sipated. The unit of capacity is a farad;
however, in radio work, we use consider-
ably smaller units in our condensers.

A microfarad is one millionth of a farad,
and one micro-micro-farad is onec millionth
of a microfarad. The most vital part of a
condenser is the dielectric or insulating ma-
terial because, contrary to popular belief, it
is in the dielectric that the charge resides.
When a condenser is charged, the dielectric
opposes the setting ap of an clectric dis-
placement of an clectric field in the dielec-
tric and the charge is said to be the encrgy

see how an eclectro-magnetic field may be
produced around the wire when a current
is passed through it. If the flow of current
through a conductor is constant (D.C.) a
steady electro-magnetic field is produced
around the conductor. However, when al-
ternating current (abbreviated A.C.) flows
through a conductor, the current flow is
constantly changing and likewise the field
is changing.

When current begins to flow through
a wire the circular electro-magnetic field
originates at the center of the conductor
and travels outwardly away from the center
in constantly increasing diameters and of
course, extends into the space surrounding
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® RESISTANCE capacity and indudtance,
in order to understand how a \acuura
tube oscillates, how tuned circuits work, and
the function of a tuning condenser, it is
necessary to become familiar with tlese
three very important subjects.
Resistance

When electrical current flows through a
wire or some other conducting medium i
encounters resistance or opposition, the
same as the flow of material substances.
For instance, a certain amount of water,
can be forced through a length of oune inch
pipe with a definite pressure. In othe:
words, the size of the pipe offers resistance
to the flow. The larger the pipe becomes,
the greater wamount of water can be forced
through it at a definite pressure, or the larg-
er the pipe becomes, the less its resistance
will be.

This holds true in conductance of clec-
tricity inasmuch as a fine wire or conductor
offers a greater amount of resistance than
a heavy conductor, The resistance of a con-
ductor is inversely proportional to its cross
sectional area and with some materials, in
fact most of them, the resistance also in-
creases as the temperature rises.

In dealing with resistance in electrical
circuits, we have what is known as Ohni's
Law. In Ohm’s Law, we have :o consider
three things: First, the flow of electricity,
which is current; second, the force or pre--
sure, which is voltage; and third, the resist-
ance which the flow of electricity encoun-
ters. Three letters are assigned to the above,
and they are:

[ =Current
E=Voltage (EMFK)
R=Resistance

The formulas for finding the resistance,
voltage, or current, where either two of the
three are known are as follows:
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When twou oic biorte 1osistors are con

nected 1nosenies the total value of the re
sistance 1s the sum of all the resistors In
other words, thiee S-ohini 1esistors in seires
would have a total resistance of 15 ohms.

However, wheon tesistaors are connected in
parallel the method of calculation is a bt
mere comphoatad For mstance, if we have
three 1esistors connedted i parallel, one
has the resistance of 5 olims, another of 10
and another of 200 1The formula for expres-
sing this is:
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Capacity

Most of us are familiar with the now well-
known condenser which is an instrument
capable of storing up a certain amount of
clectricity and consists of two or more
plates placed adjacent to each other, with
insulation of either air or some other in-
sulating medium When a constant direct
voltage is applicd bhetween the plates of a
condenser, current will flow into the con-
denser, until the condenser becomes
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charged to its maximum capacity. The cur-
rent then ceases to flow and the condenser
is charged. Then, after the source of elec-
tricity (battery for example) is removed
from the circuit, the condenser will hold its
charge until, due to its inherent (conduc-
tivity of dielectric) resistance, the power s
dissipated.

If the insulation is mica or parafined
(waxed) paper, the condenser will hold its
charge for a considerable length of time.
In large condensers of one or two micro-
farads the charge may remain in the con-
denser for several hours. This can be
proved by short-circuiting the two termin-
als of the condenser and noting the spatk,

of the charging source stored up as electro-
static energy in the dielectric,

A simple analogy for the action of an
electrical condenser is a sponge, which ab-
sorbs water when placed in a cupful of it,
for example, and afterwards is pressure is
exerted on the sponge, then it gives up the
water stored in it. It requires 1 coulomb
(ampere-second) to charge a condenser of
1 farad to a potential of 1 volt. A condenser
having a capacity of 1 mf. (1 mf.=1 mil-
lionth of 1 farad) requires a charge of 1
millionth of 1 coulomb to charge it to a
potential of 1 volt.

Inductance

The coils uscd 1n radio circuits are called

inductances or inductors” In the drawings we
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In Fig. 1 we have a diagram showing how the size of a pipe governs the amount that
can be forced through it. In Fig. 2 we have resistors connected in series; in Fig. 3
they are connected in parallel; the formulae are given in the text. In Fig. 1 is the hy-
draulic analogy for the action of a condenser when alternating current is applied to it.
Iig. 5 shows the magnetic fields and direction of current flow in straight wires and
coils; also the right-hand rule is given, where, if the thumb points in the direction
of the current flow, the four fingers will curve around the conductor in the direetion
of the magnetic field

across the condenser and it would indicate
the current flowing until the condenser was
completely discharged and the power dis-
sipated. The unit of capacity i1s a farad ;
however, in radio work, we use consider-
ably smaller units in our condensers.

A microfarad is one millionth of a farad,
and one micro-micro-furad is one millionth
of a microfarad. The most vital part of a
condenser is the dielectric or insulating ma-
terial because, contrary to popular belief, 1t
is in the dielectric that the charge resides.
When a condenser is charged, the dielectric
opposes the setting ap of an clectric dis-
placement of an electric field in the dielec-
tric and the charge is said to be the energy

see how an electro-magnetic field may be
produced around the wire when a current
is passed through it. If the flow of current
through a conductor is constant (D.C.) a
steady electro-magnetic field is produced
around the conductor. However, when al-
tetnating current (abbhreviated A.C.) flows
through a conductor, the current flow is
constantly changing and likewise the field
is changing.

When current begins to flow through
a wire the circular electro-magnetic field
originates at thc center of the conductor
and travels outwardly away from the center
in constantly increasing diameters and of
course, extends into the space surrounding
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® RESISIANCE capauty and inductance,
in order to understand how a vacuui s
tube oscillates, how tuned cucmts work, and
the function of a tuning condenser, 1t 1s
necessary to become fammbhar with
three very mnportant subjects
Resistunce

When electiical current loms thiough o
wire o1 sote other conductimg medium 1t
encounters tesistance o1 opposition, the
same as the How of maternial substances
For instance, 4 certamm amount of water,
can be forced through a length of one mch
mpe with a detimite pressute  In  othes
wourds, the size of the pipe otfers resistance
to the flow. The larger the pipe becomes,
the greater wmount of water can be forced
through it at a definite pressure, or the larg-
er the pipe becomes, the less its resistunce
will be.

This holds true in conductance of «led
tricity inasmuch as a fine wire or conducton
offers a greater amount of r1esistance than
a heavy conductor. The 1esistance of a con
ductor is inversely proportional to its cro s
sectional area and with sone materials, 1n
fact most of them, the resistance also n
creases as the temperature rises

In dealing with resistance in electrical
circuits, we have what is known as Ohm's
l.aw. In Ohm's Law, we have ‘o considu
three things: First, the flow of e¢lectriaity,
which is current; second, the force or pre~-
sure, which is voltage; and third, the resist-
ance which the flow of electricity encoun-
ters. Three letters are assigned to the above,
and they are:

I =Current
E.=Voltage (EMF)
R =Resistance

I'he formulas for finding the resistance,
voltage, or current, where either two of the
three are known are as follows:
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Cupaunty

Most of us are funnliar with the now weli-
hnown condenser which s an nstrument
Capable of stonng up a Certan amount of
dectricity and consists of two or more
plates placed adjacent 1o each other, with
imsulation of either air or some other in
sulating medium When 4 Constant direct
voltage s apphicd between the plates of a
condensar, current will low into the coun
denser,  untl the  condenser becomes
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charged to its maximum capacity. The cur-
rent then ceases to flow and the condenser
is charged. Then, after the source of elec-
tricity (battery for example) is removed
from the circuit, the condenser will hold its
charge until, due to its inherent (conduc-
tivity of dielectric) resistance, the power is
dissipated.

If the insulation is mica or parafined
(waxed) paper, the condenser will hold its
charge for a considerable length of time.
In large condensers of one or two micro-
farads the charge may remain in the con-
denser for several hours. This can be
proved by short-circuiting the two termin-
als of the condenser and noting the sparlk,
ot an ammeter «ould DbLe  connected

of the charging source stored up as electro-
static energy in the dielectric.

A simple analogy for the action of an
electrical condenser is a sponge, which ab-
sorbs water when placed in a cupful of it,
for example, and afterwards is pressure is
exerted on the sponge, then it gives up the
water stored in it. It requires 1 coulomb
(ampere-second) to charge a condenser of
| farad to a potential of 1 volt. A condenser
having a capacity of 1 mf. (1 mf.=1 mil-
lionth of 1 farad) requires a charge of 1
millionth of 1 coulomb to charge it to a
potential of 1 volt.

Induetance

The coils uscd n radio circuits are called

inductances or inductors” In the drawings we
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In Fig. 1 we have a diagram showing how the size of a pipe governs the amount that
can be foreed through it. In Fig. 2 we have resistors connected in series; in Fig. 3
they are connected in parallel; the formulae are given in the text. In Fig. 1 is the hy-
draulic analogy for the action of a condenser when alternating current is applied to it.
Fig. 5 shows the magnetic fields and direction of current flow in straight wires and
coils: also the right-hand rmle is given, where, if the thumb points in the direction
of the current flow, the four fingers will curve aronnd the conductor in the direction
of the magnetic field

across the condenser and it would indicate
the current flowing until the condenser was
completely discharged and the power dis-
sipated. The unit of capacity is a farad;
however, in radio work, we use consider-
ably smaller units in our condensers,

A microfarad is one millionth of a farad,
and one micro-micro-farad is one millionth
of a microfarad. The most vital part of a
condenser is the diclectric or insulating ma-
terial because, contrary to popular belief, 1t
is in the dielectric that the charge resides.
When a condenser is charged, the diclectric
opposes the setting ap of an electric dis-
placement of an electric field in the diclec-
tric and the charge is said to be the energy

see how an electro-magnetic field may be
produced around the wire when a current
is passed through it. If the flow of current
through a conductor is constant (D.C.) a
steady electro-magnetic field is produced
around the conductor. However, when al-
ternating current (abbreviated A.C.) flows
through a conductor, the current flow is
constantly changing and likewise the field
is changing.

When current begins to flow through
a wire the circular electro-magnetic field
originates at the center of the conductor
and travels outwardly away from the center
in constantly increasing diameters and of
course, extends into the space surrounding
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the wire. Until this field becomes of larger
diameter than the wire, it causes a second
current to flow 1 opposition to the muin
current,

When the current flow thiough the wire
decreases or stops, the cucular fields col-
lapse and are then said to cut the wire in
ever-diminishing diameters. This induces o
current in the opposite direction to the field

less inductance than one of the same lengtan
which was cuiled.

Induction subdivides into two branches—
self and mutual induction. 11 the Current pass-
ing though a coill, for example, s rising
from zero to maxnnuim value, such as when
the ciremt is closcd from a Lbattery, (or the
tust half of an alternation of an alternating
current) the magnetic field around the wire

but in the same direction as the original

(exciting) applied current, tending to pro-

long the flow of the exciting current,
This property of a coil or conductor to

15 expanding and while this is taking place
there is induced in the conductor a counter-
current  (and connter e.mf. or voltage)
which tends to buck or oppose the current

act upon itself or another inductor in close
proximity to it, is called inductance. The unit
of inductance is the henry and in most

(and voltage) which s producing the field.
As one of the diagrams shows there is
clectiical energy stored up in an inductis ¢
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Fig. 6 above shows measurement of resistance. Fig. 7 shows how pressure or voltage
decreases with increase in resistance to flow of water or electric carrent. Fig, 7 shows
how pressure or voltage decreases with increase in resistance to flow of water or elec.
tric current. Fig. 8 shows action of expanding and contracting magnetic fields. Fig. 9

shows mechanical “spring” analogy for inductance; Fig,

10—Fly wheel analogy of

inductance. Fig. 11—Analogies for condenser,

formulas it is usually designated by the
symbol “L.” A henry is the inductance of a
circuit in which the induced E.M.F. is one
volt, when the (varying) current travels at
the rate of one ampere in one second. Usu-
ally in radio circuits, inductance values are
indicated as one thousandth of a henry or
one milli-henry; a millionth of a henry is
kniown as a micro-henry. The physical dimen-
sions and form of a circuit, determine the
amount of inductance and it is for this rea-
son that our radio circuits consists of coils
rather than straight wire, because a greater
amount of inductance can be obtained by
coiling the wire, also allowing considerably
less D.C. resistance because less wire 1s
used. A straight wire, of course, would have

circuit, just as if you had compressed a
spring. The opening of the circuit, and
spark at the switch, corresponds to releas-
ing the compressed spring and heaving off
the weight,

Another analogy is the flywheel. The in-
ertia of the wheel opposes any force to
set it in motion; once in motion, the en-
ergy tied up in the wheels tends to keep it
going, if any effort is made to stop it,

Let us consider for a moment now tle
next phase of the action taking place when
the circuit is opened or when the second half
of the alternation of an applied A.C. is tak-
ing place. Now the magnetic field around
the wire or turns of wire comprising the
coil is contracting and while this occurs.
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the lines of magnetic force are cutting the
wire in the opposite direction and a current
of opposite sign is induced in the wire, this
current being in the same direction as the
applied (exciting) current which is flowing
:ground the wire and creating the magnetic
eld.

In other words, the self-induced e.m.f. is
in the opposite direction, while the field is
expanding about the wire, and tends to op-
pose it while the opposite is the case when
the field is contracting and the current is
then in the same direction or aids the in-
ducing current and acts to prevent its decay.

It will be apparent, of course, that while
the current is varying in strength or let us
say increasing, the field about the coil is ex-
panding, and the lines of magnetic force
expanding out from the coil composed of a
number of turns, will induce a current by
induction in a second coil, placed near or
adjacent to the first or exciting coil.

If we term the exciting coil No. 1, and
the adjacent unconnected coil as No. 2, coil
2 is said to have a current induced in it by
electro-magnetic induction. As the magnetic
field in coil No. 1 subsides, the magnetic
lines of force surrounding coil No. 2 also
subsides. At the same time these lines of
force cut across the turns in coil No. 1 and
induce therein an e.m.f. or voltage (also a
current) and thus we have a third e.m.f. set
up by induction.

To begin with, we have the original ex-
citing e.m.f. in coil 1; secondly we find an
induced em f. in conil 2; and thirdly, therc
is a reinduced e.m.f. in coil 1, due to the re-
action of the magnetic field surrounding

coil 2, and this effect is what is known as
mutual induction.

The usual radio tuned circuit consists of
a coil and a condenser, namely: inductance
and capacity. Coils or inductances have what
is known as inductive reactance. When the
capacity reactance minus the inductive re-
actance equals zero, at some certain fre-
quency, the circuit is said to be in resonance

When the condition known as Resonance
has been established in any given circuit,
whether a series or parallel type circuit,
then we know that the inductive and capac-
itive reactance are equal, and that they bal-
ance each other. When this condition has
been achieved their reactive effect upon the
circuit is zero. Under these conditions, or
when the circuit has been made resonant,
(by the proper adjustment of the capacity
and the inductance of the circuit) any cur-
rent lowing in the circuit due to an applied
e.m.f. will be that due simply to the ohmic
or direct currcnt resistance in the circuit.
Expressed another way, the current passing
through such a resonant circuit will be giv-
en hy the expression: I=E+R.

The difference between the capacitive and
inductive reactance of a circuit at some
frequency is called the impedance. How-
ever, at resonance, this is always zero, and
the losses in the circuit are due only to the
usual D.C. resistance of the circuit, through
which the currents are flowing.

In Fig. 4 we see a hydraulic analogy of
current flowing into a condenser. When the
piston is moved forward, the elastic parti-
tion will bend or hecome curved but will
not allow the liquid to be transferred from
one side to the other.
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CHAPTER ¢

VACUUM
REGENER ATOR

® 10 the average shott vonve  fan™ or

experienced amateur, the
regeneration and oscillution arc
fyving, msofar as the techm alities «f them
are concaned  Ia Webster's
Dictionaiy, the word oscillution s defin.
as follows 1o move bickward and fo
ward; to vibrate hke a pendulum, to var.
or Huctuate between fixed lunits ” The word
regenerate 10 the same dictionary 1s defined
as follows “Reborn, reformed o1 created

again "’

two word

VEEN ny s

Uiabn ltigr('

In the chapter cov cring alternating current
we find the current SN at 4 zero point
building up to a maxinum  decreasing
again to zero, then butlding up 1n the oppo
site direction, and finally falling to zero
thus completing one cvele or one usailla
tton An oscillating vacuum tube IS d gener
ator of alternating current, huy has the ad
vantage over the usual generator employ ed
in generating our house current, 1n that it
can be made to generate electnaty of
frequency as high as five hundred nullion
vides Before osallation takes place 10 4
vacuum tube, connected as shown the
accompanying drawings, we must have re
yeneration This regeneration represents
power taken froin the output of the tube
and fed back into the mput Gircunt, ampl
fied through the tube znd taken out of the
plate circuit again In Figure I we have z
simple circuit using a trniode, which s Cap-
able of regenerating and oscillating  If we
were to impose a signal voltage on the grid
of this tube at the point marked X1, this
signal would be carnied thriough the tube
and amphfied; then by placing coil 11 1a
inductive relation to coil 1.2 this signal
would be fed back from Coil .1 10 1.2 4ud
reamplified ‘lhis process continues over
and over again. That is why our regener
ative CIrcuits are So very sensitive

TUBE AS A
AND OSCHLLATOR

How Oscillations Ase Set U

Caonl |} ati |
Sll]-pu ¢ the hly

Fhe corcae e Fag 1 show

P2 vony vle e togethes

ment v highted and the switen marhed
CSWT s o no cur ent will he ftowing
] coplate e Now if we luse the
SNTH cuttent will ynmunediately  start 1,

How theough 1), thiough REC and thence

bach 1o the tilament

Cuttent flosimg thiough 1l induces o
neld about the coit Ihis field s terimed
trapnetic hnes of force As these hines of

theouph the tuins of 1.2 4
weah osallating current s bl up i the
drewmt composing | and ) these weak
orallations are transimitted to the grid and
itmphticd by the tube 1t so happens that
these o~allations (fed back) are  of the
proper phase, so that one aids the
and as the feed back process continues, the
oscillations buld up amplitude, as shown
m biguie 2 (slso Fig 8) Tins banld up an
plate conrent would contimue mdefimtely f
It were not for the sutomatic regulation
which takes place due to the gnd leak R
Fhe gnd current increaves the saine as the
plate curient incredases, and this current
Howing i the pid Girount tauses a voltage
drop across the resistor "R and thas drop
1> used to bias the tube, so that the plate
cutrent cannot nise abouve a4 certain fixed
maxunum bFle B battery connected 1,
the plate arcut, supphes the
bower to porpetudte osallations In other
words, there 15 no perpetual motion” 1
the osallator as same pPeuple nught be led
to beheve In our previous chapter on
vacuum tubes, we learned that 4 positive
charge on the grid would Cdu~e AN INCredse
i plate current flow, while 4 negative
chiarge would cause a4 decrease 1 current
flow  Assuming that the induced EMF first

force thread

other

Hecessaty
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found in the circuit 1.2 applied a positive
voltage to the grid, the plate current woulfl
rise ubove its normal value. This rise is cur
rent would strengthen the field around 1.1
and continue to increase the EMF induced
m 1.2, and so the plate current would con-
tinue rising, remember that the energv used
tor cauce the plate current to rise was taken
from the plate circuit. Ihis is the feed-bucl:
action. Due, as we said before, to the action
of the grid-leak, this increase cannot corn-
tinue indefinitely. When the plate current
reases to increase, the induced voltage in the
grid circuit falls to zero The plate current
will then tend to decrease toward its nor-
mal resting value, and as it decreases, the
magnetic field around L1 will begin to col
lapse or recede and thus move inward to-
wards its center. The magnetic lines of
force of this decreasing field now thread
through the grid coil in a direction opposite
to the movement when they were expand-
img; that is, when the plate current was ris-
ing. This induces an EMF in the gnd cir-
cuit, but of the opposite polarity. Now, we
1osumed that the first impulse was positit e
to the grid; this one will then he negative.
cansing the plate current to continue to fall
helow its normal resting value; as the field
is entirely collapsed, the plate current will
tend to go up to its normal resting 1alue
I his will canse a field to again cut the coil
[.2, cansing a positive voltage, the same as
the original impulse to be applied to the
grid. This action will be reciprocated, and
will continne indefinitely, and is termed
wstained oscillation, just as we show in Fig-

ure 2. .;ﬂ

The Hartley Oscillator

So far, we have considered an oscillating
circmit of the tickler feed-back variety com-
monly used as detectors in short wave re-
ceivers. There are many vaiieties of this
Gircuit. In Figures 3 and 4, we have the
Hartley circuits. The one in Figure § has its
plate voltage ferl through the section of the
. oil marked [.1, while the plate voitage of

big. |—The usual regenerative  oscil-
lating cirenit used for receiving. Fig. 2
—The build-up of oacillations  atart
feebly and are gradually increased in
amplitude due to ‘“rcgeneration” or
“Seed-back.” Figa. 3-1—Seriea  and
shunt-fed tranamitting circuita,

-—
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Figure 4 is fed directly to the plate of the
tube through un R.F. choke. Figure 3 is
known, as series feed, while Figure 4 is
termed parallel or shunt feed. In both cases,
we really have a tickler and grid coi! as in
dicated by the letters L1 and L2. In present
day receiver circuits, and in some transmii
ting circuits, the cathode of the tube is con
nected to the coil i order to obtain feed
back, and the plate i uppurently not used
This may be quite mystifying to the average
person, not technically inclined, but when
~omparing IFigure 5, which has its cathode
connected to the coil, with the diagram in
Figure 4, we find there is really no differ
ence in the circuit. All we have done is dis
connect the “B” negative from the cathode
and connected it to the bottom of L1, caus
ing the “B” current to flow through the
coil. By comparing and studying these two
circuits, the cathode tap arrangement should
not be the least bit confusing.

In all the diagrams and circuits so far,
we have considered magnetic feed-back that
1, energy fed from plate to grid by mag-
netically or inductively coupling the tww
coils together. In Figure 6, we show an os-
cillating circuit which does not have mag-

HARACTERISTIC CURVE SHOWING RISE AND

OF OSCILLATOR WITH FALL IN PLAYE
PLATE MAINTAINED CURRENT. THESE
AT 90 VOLTS VARIATIONS ARE CALLED

‘A.C. COMPONENT ”
»

POINT OF

OPERATION ':PST'EAL
CURRENT
L.

PLATE CURRENT MILLIAMPERES

GRID VOLTAGE

£ = SHOWS THE ALTERNATING
c—— EM.F APPLIED 10 THE

= OSCILLATOR GRID PRO-
—— VIDED BY THE "FEED-
£ —= BACK" OF ENERGY FROM

; 3 PLATE TO GRID
—

Fig. 5-—Shows the cathode tap method

of feed-back. Fig. 6—The tuned-plate

tuned-grid oscillating circuit used for

transmitting. Fig. 7—This ecircuit is

the sume as No. 6, except that two tubes
are used in push-pull.
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netic or inductive coupling. The feed-hack
in this case is due to the plate-to-grid-ca-
pacity within the tube. In triodes, this ca-
pacity may be anywhere from 3 to 10 mmf
In this circuit, the grid and plate circuits
must closely approach resonance with the
same frequency, because the feed-hack .«
not as strong or as great as in the other
circuits. This is the tuned-plate tuned-grid
circuit Screen-grid tubes will not oscillate
in a circuit of this type, because the plate-
to-grid capacity, as pointed out in a pre-
vious chapter, is too low to effect sufficient
feed-back to cause oscillation.

That is why, in the [.LF. amplifiers of our
<uperhets, the plate and grid circuits are
tuned to the same frequency, allowing ex-
tremely high gain with no feed-back. How-
ever, if there were coupling directly he-
tween 1.1 and 1.2 of this circuit, even
though it used a screen-grid tube, oscilla-
tions would occur. In Figure 7, we have the
same type of circuit—tuned-plate, tuned-
grid, except that two tubes are used in push-
pull, that is, each tube operates on alternate
half-cycles. These circuits shown in Figures
3,4, 6 and 7, can be and are used for trans-
mitting.

How can we take R.F. power from such
an oscillator and feed it into an antenna?®
The answer is quite simple, if you will bear
in mind what we have said about thne in-
ductive relation bhetween coils in a trans-
former. In figures 4, 6 and 7, we
have additional coils coupled to F.1. The
high frequency alternating current in the
tuned circuit, consisting of I.1 and C, will

induce similar currents in the coil coupled
to it. This coil is then connected to the an-
tenna, and the power from our osciilator,
or a goodly part of it, is radiated.
What Determines Frequency of the
Oscillator

‘I he frequency of the oscillator 1~ largely
determined by the tuned circuit L1 and C,
that is, in all diagrams except the first. In
this circuit the frequency is controlled by
1.2 and C.

It takes a certain length of time for an
oscillation or one complete cycle (reversal
of current) to take place in any circuit,
which consists of inductance and capacity,
due to the electrical inertia of the circuit
itself. This inertia or lag is readily appar-
ent when we consider what has been studied
previously regarding inductances. When a
current is passcd through a coil, it sets up a
field within the wire which, starting at the
center of the wire itself, expands >utward
in ever increasing diameters. These lines of
force not only cut the wire going outward,
hut cut adjacent wires. This cutting induces
a current in the conductor or inductance in
the opposite direction to the original cur-
rent, tending to oppose the increase in cur-
rent flow, thus prolonging the length of
time, between the application of current and
the time when the current is flowing at
maximum amplitude. Now, if we decrease
the current flow, the lines of force contract
1o flow in an opposite direction to the field,
but in the same direction as the original reced-
ing current; thus tending to prolong the
current flow and preventing its decay.
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CLASS A, B and ¢ AMPLIFIERS
® ln this chapter of our Kadio tmatewr  Genth negative 1o 1cduce the plate current
Coune, we will deal with rudiv and to zerto, and 1t s alvo not allowd 1o U pust

uudio frequency, class “A” “B" 4nd “C" am-
phhers, together with frequency muluphers
Fhe first type of amplitier that the average
radio experunenter comes 1 ¢ ntact with
1> the well-hnown Cluss “4* audio ammplifier
In a previous chapter discussing the vacuun
tube action, we tlearly explained the func
tions of the cathode gnd and plate, also
just how the hanges 1n gnd poteutial of
fect changes in plate curient, thus amphfy -
mg the signal.

Before reading the following descniptions
of amplifiers, it is well 0 review the ple-
viously described actions of the various ele
ments in tubes because these will not be
taken up again in detai], and a perusal of the
chapter on tubes will greatly aid 10 obtan-
mmg a clear mental picture of various types
of amplifiers.

In Figure 1-A, the tube is operated under
conditions so that the ouwtput 15 an exact
replica of the input signal It can, therefore,
be said that the tube is operated on the flat
portion of its gnd-voltage plate-current
curve. By examining the diawing at Figure
1-A, we sce that the grid never goes sufhi-
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the, i 1t were the giid would draw current
on the positive peahs, and this 1s not desis
able 1 the usual Class A amiphtier
Class **A" Amplitiers

Class A" wiiphiners aie capable of 1eally
farthful wmphncanon, bur are quite 1nefh-
cent, nsofar oas conversion 18 con-
Usually these wmplifiers are much
less than 50 Pet cent etharent In bagure 2-A
we huve w1 tube audio tiequency Class “A*
amphiier arcwt o nguie 2-8 we have an
amphtier of the push-pull variety wherein
two tubes ate used, cadcly operating on alte:-
nate halt cviles of the wput signal In Fig-
e I-B we have o diapramn of the chara
teristies of g Class “B” radio frequency am
phitter The operating (haractenstics are es
sentiallv the same as a4 Class “B" gudio
amphtier, only 1 the R | amphfier, as -
dicated, the ficquency 1s constant and the
amphtude of 1t 1s vanied by modulation
Fhis as said 10 be o Linear amphifier

In g Class "B” audio amphfier, the fre-
quency would vary However, the essential
funcuons are the same We find that the
bras as such that it allows 11 e grid 10 be
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und “C' amplifiers,

together with amplifier diagrume.
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Diagrams of pentode A.F. amplifiers, single and push-pull. together with neutralizing
single and push-pull R.F. amplifiers.

come positive on one-half of the incoming
signal, running the plate current way up.
On the negative half of the cycle in the
R.F. amplifier. we find that the plate cur-
rent is zero and remains zero through the
entire 180 degrees of the negative grid
swing, and then it begins to rise as the
grid goes positive. It can thus he seen that
plate current flows over the 360 degrees
of the grid swing in Class “A” amplifier,
and only 180 degrees of the grid swing in a
Class “B” amphfier. Now, in an audio sys-
tem, it is essential that we reproduce an ex-
act replica of the incoming signal; that is
why in Class “B" amplifhers intended for
audin frequencv nse, we use push-pull in
order to reproduce hoth halves of the in-
coming signal.

Class “B” Amplifiers

in R.F. amplifiers wherein the variations
im amplitude of a constant frequency car-
rier constitutes our audio frequency signal,
we do not need push-pull, because if we
refer to Figure 1-1), we will see that com-
plete A.F. vanation 1s present on the one-
half, although two tubes are often used in
the Class “B" R.F. amplifier This is only
done to increase the power output, We can
very easily see why only one-half of the
modulated R.F signal is needed; because
of the action of our detector, really only
one-half of it is used anyway. In Class “B”
amplifiers of all descriptions, the grid-bias
is adjusted so that the plate current is zero
or nearly zero with no signal present in the
grid circuit. In the now popular Class “ARB"
or “A" prime, audio frequency amplifiers,
plate current flows throughout more than
180 degrecs of the input cycle hut less than
360 This means that the plate current may
fall to sero and remain vero for just a small
portion of the input cycle. In Figures 1-E,
I and G, we clearly show how in the Class

“A"” amplifier, the plate current is continu-
ally flowing, and in the Class “B" amplifier,
is only flows through 180 degrees of the in-
put cycle. while on Class “C” amplifier,
which is next to be discussed, on less than
180 degrees of the input cycle.

Class “C” Amplifiers

Class “C"” amplifiers are usually used only
for radio frequency amplification because of
the tremendous amount of distortion which
is present in the output wave. In Class “C"
amplifiers, the bias is increased to about
two times the value necessary to bring the
plate current to zero. This means that a
greater amount of excitation is required in
order to make the plate current flow. This
requires of course, that the grid be driven
considerably positive. Vacuum tubes oper-
ated in the Class “C” category are capable
of tremendous power output as compared
to a Class “A” or “B" amplifier, and are
usually quite a bit more efficient, insofar as
plate-power conversion is concerned. Eth-
ciencies as high as 85 per cent are quite
easily obtained. Of course, the ratio of
power amplification 1s reduced considerably
in a Class “C"” amplifier, because of the fact
that plate current onlv flows on a small
portion of the input cvcle and hecause a
Class “C" amplifier requires a good deal
more cxcitation,

A class “C” amphifier in a radio frequency
phone transmitter is modulated directly, 1 ¢,
a powerful modulator is used to vary the
plate mmput to the tube at audio frequencies,
wlhile a Class “B"” amplifier used 1n a phone
transnntter 1s not modulated directly, bt
a low-power, class “C" amplifier which s
modulated at voice frequencies, 1s used to
drive the Class “B” hnear R I amplifier
Wiile the Class “B" amplifier 1s not as
cficient as the Class “C" amplifier, 1t 1intro
duces a considerable saving in the cost of
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modulator equipment, because o fairly low
power stage i1s modulated, and the Class
“B” amplifier is merely used to amplify the
modulated output of this low-power stage

Etliciency in Power Ouiput

Eficiencies of around 70 per cent may be
secured from a Class “B” amplifier with
100 per cent modulation on the driver stage,
although au unmodulated Class “B” anmipli
fier would be only about 35 per cent efli
cient. Speaking of plate efliciency or powe
conversion in the plate circuit of the vacu
um tube, we nean the “power” output di
vided by the power input, times 100. For in
stance, if we have an amplifier with a power
imput of 100 watts and an output of 75 watts,
we would have an amplifier which was 75
per cent eflficient, the ontput being 75 pe:s
cent of the total plate input

In figures 1-C and 1-G, we have illustra
tions of the operation of a Class “C” am
plifier. To the lay reader, Figure 1-G would
probably be the clearest, because herein we
find a clearer picture, showing that the plate
current flows on a very small portion of the
input cycle In Figures 2-C and 2-D, we
have pentodes used as audio frequency ampl
fiers. Bias for these is obtained by inserting
the resistor 1n series with the cathode, or if
it is a filament type tube, a center-tap re
sistor i1s needed, as shown 1n Figures 2-A
and 3-A. In an RIF. amplifier, usually the
center-tapped resistor is by.passed with two
condensers, as in Figure 3-B. Resistors “R"
in Figure 2-C, 2-D, and 3-A, are the self-
biasing resistors.

Neutralizing

With a triode used as a radio frequency
amplifier and where the mput and output
circuits are tuned to the same frequercy, u
method of overcoming self-oscillution s re
quired This 1s accomplished by neutralizing
as shown in Figure 4-A. What we have

done hicre s to cemer tap the plate ¢l
makimyg the two cnds out of phase 180 degrees
Then o small connected be
the grd of ithe tube and the end
of the cotl wineh s not connected 1o the
plate The condenser “NC,” which is the
neuvtralizing condenser, 1s then adjusted o
feed an amount of R F from the plate ¢n
cmt back to e gind, equal to the amoum
of RE fed from grd to plate, due to the
micinal capucity of the tube This external
riethod of feediug back R 1< 180 degrees out
of phase, cancels the plate to grid feed-badk

within the tube
Pusli-Pull With ‘triodes

In figure 4 B, we have push-pull amphifica
ton, using triodes, cach operating 180 de
grees out of phase, making neutralizing pos
stble by just connecting small, variable con
densers between the plate of one tube and
the grid of the other. In other words, oue
tube furnishes the neatrahizing voltage fou1
the other

In Figures S A and 5B, we
amplhifiers using screen grid tubes which
require no neutralining. One s a push-pull
circuit, and the other is a single-ended affai:
As we sard before, in Class “B"” and “C”
amplifiers, both audio and rudio frequency,
grid current flows during either a portion
or all the positive half-cycle of the exciting
voltage. Now, this grid current can be util
ized for biasing R. F. amplifiers by inserting
a resistor in series with the grid return, the
same as we have in an oscillator where bias
1s obtuined with a grid leak. We can also
obtain bias by the cathode method as shown
in Figure 5-B. Grid-leak is never used in
audio frequency. Class “B” amplifiers.
Screen-pgnd voltage in amplifiers, such as
shown in Figures 5-1 and 5-C, can either be
obtained directly from a separate power
supply or obtained through a voltage-drop-

condenscer s
tween

have R I
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ping resistor, thus lowering the plate vol-
tage to a sufficient value for the screen.
Frequency Multipliers

Radio frequency amplifiers can be used for
frequency multiplication. For instance, we
can feed a 3500 kc. signal into the grid of
any one of the “single-ended,” Class “B” or
“C” R. F. amplifiers shown in the various
diagrams; then by tuning the plate circuit
to 7,000 kc. and taking power out of this cir-
cuit, we have doubled the frequency of the
original exciting signal. Class “B” amplifiers
are not well suited for frequency doubling,
hecause there is less second harmonic pres-
ent in the output circuit. A Class “C"” ampli-
fier is a very fine frequency multiplier where
the even order of harmonics are to be ob-
tained. A push-pull amplifier does not make
a good second harmonic amplifier or fre-
quency doubler because the push-pull out-
put circuit tends to cancel out the even
order of harmonics. The push-pull multi-

plier can be used as a frequency multipher
where the odd order of harmonics are de-
sired. For instance, the 3rd, 5th, etc.

Push-pull amplifiers are generally used
where frequency tripling is required. Through
the use of the new pentode tubes, such as
the 2AS, 42, 802, and 23, an oscillator and
frequency multiplier can be combined with-
in a single tube. In Figure 6, we have a pen-
tode oscillator and multiplier. The crystal
is connected between the cathode and the
grid. A tuned circuit is inserted between the
cathode and the “B” negative and is tuned
to a frequency about midway between the
crystal frequency and its second harmonic.
This will cause the crystal to oscillate; then
the plate circuit can be tuned to twice or
even three times the crystal frequency, with
a fair amount of powcr output. It can also
be tuned to four times the crystal frequenrcy,
but the power output and plate efficiency
are very much lower.




CHAPTER o

M. O. P.

Rudio Ainatear Conrne

Ac — HASTER OSCILLATOR

— POWER AMPLIFIER

® THIS chapter of our Amateur Radio

Course will cover the M.O.P.A. (master
oscillator-power amplifier) transmitter us-
ing crystal-control, frequency-multiplica-
tion buffers, etc.

Amateur Radio has advanced to the point
where multi-tube transmitters are almost a
necessity, although single-tube crystal-con-
trolled transmitters are usually very effi-
cient insofar as ‘stability and power output
are concerned. On the other hand, for great-
est flexibility and efficiency, an M.O.I”A,,
comprising at least three stages, is neces-
sary if real efficiency is desired along with
three or four band operation.

Today, the Ham does not neced to spend
a fortune in constructing a modern multi-
stage transmitter with a fairly respectable
power output, because in nearly all cases,
receiving tubes may be uced.

In lagure 1, we have a crystal-controlled
transiitter bwlt entinely around 2AS5 tubes.
Although few s realize it, this tube i
wdeally suited to low-power transmitters o1
i the osallator, butler and frequency mul-
tuphict stages In this transmitter ,we use u
2A5 connecicd as a pentode crystal oscil-
lator. another 2AS5 as a neutralized amph
fier or frequency doubler, and in the third
stage, 2—2A5's in push-pull, as amplifiers.
When using the 2A5 as an amplifier or doub-
ler, the control grid and screen grid should
be tied together.

Pemtode Oseillator

In the pentode-oscillutor circuit of Figu e
I, we have condenser coupling to the first
amplificr. Fxporience has proven that the
excitation tuap on the plate coil should be
connected between one-half and three quar-
ters the length of the entire coil, from the
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B plus side. If this tap were connected fli-
rectly to the plate end of the coil, co.nsu!--
erable instability in the oscillator circuit
would result, and in many cases, the oscil-
lator may fail to start oscillating when the
transmitter is turned on.

With the two grids of the 2A5 connected
together, this tube represents a high-mu
iriode similar to the 46, and no separate
bias is necessary, although a small resistor,
around 500 ohms ,in series with the arid
return, increases the second harmonic out-
put when doubling. Many who have used
the 46 will recall that the plate current
tends to creep up if the circuit is detuned or
if too much excitation is applied. This
trouble is entirely eliminated in the 2A5 no
doubt due to the suppressor which is con-
nected directly to the cathode inside the
tube. We might also mention here that
those having trouble with the 46 will do
well to change to the 47, because this tnbe
exhibits the same characteristics as the 2AS5,
and requires no change in circuits formerly
using the 46, other than a reduction in the
value of the grid bias resistor; 500 ohms
seems to be the optimum value.

Advantages of Link Coupling

The final amplifier or push-pull stage of
this transmitter (Fig. 1, is link-coupled to
the first amplifier. Experiments have long
ago proven ,where a “single-ended” driver
is used in conjunction with a push-pull
stage, that inductive coupling is far more
efficient than any other method of coupling.
Fach coil of this link circuit should consist
of two turns, coupled fairly close to
the center of both the first amplifier plate
coil and the push-pull amplifier grid coil.
Both grid and plate circuits of the push-pull

amplifier are tuned to the same frequency,
and, therefore, neutralization is necessary
For a more thorough discussion of neutral-
ized amplifiers, we refer you to the fifth
chapter.

All values of resistors and condensers are
given. However, coil data is omitted because
this will depend upon the particular band
in which the transmitter is to be operated.
A transmitter of this type should have an
output of from 30 to 40 watts on 80 and 40
meters, and slightly less on 20,

Tuning Procedure

The tuning procedure for this transmitter
is as follows: With all the B-plus voltages
disconnected, the filaments or heaters al-
lowed to heat up for at least two or threc
minutes, Then the plate and screen voltages
should be applied to the oscillator with the
excitation tap of the first amplifier removerl
from the oscillator plate coil. Then with a
flash-light bulb connected to a single turn
of wire, coupled rather closely to the platc
coil in the oscillator, swing the plate con-
denser back and forth until a point is
reached where the light glows the bright-
est., Back the pick-up coil away from the
plate coil, and retune for a peak in bril-
liancy of the lamp. The excitation tap
should now be connected to the oscillator
somewhere around two-thirds the distance
from the B-plus end of the coil. The plate
milliammeter could have been used for
tuning the oscillator. However, the maxi-
mum output does not come about with
either a maximum or minimum reading on
this plate meter but somewhere bhetween
the two. Now when the excitation tap is
connected to the oscillator plate coil, the
plate current will increase, as shown on the
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meter. With the neutralized condenser “ne”
set at zero capacity, and the flashlighit hulh
coupled to the first amplifier (V2) plate cunl,
swing the plate condenser of this stage badck
and forth until the bull lights, Now, if we
are operating this amplifier at the same
frequency as the oscillator, it must be neu
tralized. Increasing the capacity of the neu
tralized condenser gradually, and swinging
the plate condenser back and forth through
1esonance, will eventually result in a set-
ting of the neutralizing condenser where
the flashlight bulb will not glow. A o
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Various methods of coupling antennas
to a push-pull amplifier.

accurate method of neutralizing can be used
by plugging a zero to 50 ma. meter in the
grid circuit of the amplifier. You will notice
that rectified grid current will be present
even though no plate voltage is applied to
the tube. As the plate condenser is swung
back and forth, you will also notice, if the
amplifier is not perfectly neutralized, a
slight “bump” in the grid current when the
amplifier condenser swings through the
resonant point. A further adjustment of the
neutralizing condenser will eliminate this.
After this stage is thoroughly neutralized,
the plate voltage can be applied.

Tuning of the Push-Pull Amplifier

Our next job is to “tune up” the push-
pull ainplifier. Couple the flashlight bulb to

the gnid conl of the anmiphticr and tune the
gnd condonser for maximum bollianey. Ihie
neuttahzing condensers of this stage should
be at v capadity; then couple the
flash-light bull 1o the plate coil of the push
pull amphiticr, and adjust the plate conden
ser for mawximum bhulliancy  of the bull
Flos stage as then neatiahized the same as
the first amphiticr, except that both neutral
1zing condensars are adjusted simultaneous
ly, wund & pont will be teached in the set
ting of these condensers where the flash
hght bulb will not glow, and the grid cin-
rent meter when plugged nto this circunt
will change.

A word of warning about push-pull amp-
hhiers—unless o push-pull amplifier is per-
fectly symmetrnical, ie, the two grid leads of
identical length, and the tap on the grid coil
in the exaet electrical center,; the plute leads
identical, and the B-plus tap on the plate
coil in the exact electrical center, it cannot
be neutralized. Also, wlentical makes of
tubes should be used. In a perfectly sym-
metrical amplifier, the neutralizing conden-
sers will be set at exactly the same capac-
ity. The leads to these condensers should
also be symimnetrical; they should be moun
ted so that the grid leads to them are iden-
tical, and the plate leads both of the same
dimensions. Many experimenters have given
up  push-pull amplification because they
could not neutralize the amplifier, and this,
undoubtedly, was due to luck of symmeltry.
If plug-in coils are used in the push-pull
amplifier, do not use the usual plug-in re-
ceiver type coil with the pins in the base.
The coils should be of the flat mounting
type, such as shiown in the drawing 1A, The
other type of plug-in coil form will make
the leads uneven in length.

The push-pull amplifier in this transmit-
ter is keyved in the cathode circuit, and the
biasing resistor should be 200 ohms or larg-
er. In the plate and grid circuits of the
push-pull amplifier and the plate circuit of
the first amplifier, single section condensers
are used. This makes both ends of the con-
denser “hot"” and an insulating shaft should
be used for coupling to the knob or dial.
For those who have split-stator condensers,
or can afford their usage, they are highly
recommended. This transmitter when used
with an 80-meter crystal, can be used on
the 80 and 40 meter bands. For 80 meters,
all three stages are tuned to the crystal
frequency; on 40 meters, the first amplifier
(V2) is a doubler, and the second amplifier
tuned to 40 meters. With a 40 meter crys-

not



Radio Amateur Course 27

tal, all three stages can be tuned to 40, or
we can operate on 20 by tuning the first
amplifier (V2) and final (V3) to that band.
All the power amplifier circuits are tuned
the same whether they are frequency multi-
plier stages or not. After they have been
neutrahized, that is, if they require it, the
plate voltage should be applied and the plate
tuning condenser immediately adjusted for
minimum reading on the plate milllammeter
—this always indicates resonance.

Three-Stage Transmitter Using 2 S. G. Tubes

In Fig. 2, we have another J-stage tran.-
mitter using two screen-grid tubes and two
801's in the final amplifier. Tuning the first
amplitier and the final amplifier will be iden-
tical to the transmitter shown in Figure 1,
except that the first amplifier (V2) need not
he neutralized hecause a screen-grid tube is
used. The oscillator here is quite different.
Jecause we are using a screen-grid tube
which will serve not only as an oscillator,
Lbut as a frequency-multiplier. With this
transmitter and an 80-meter crystal, we can
work on either 80, 40 or 20 meters without
changing crystals. This is the well-known
I'ritet oscillator circuit, where a cathode coil
is used to bring about oscillation of the
crystal independent of the plate tuning cir-
cuit. L his plate circuit can be tuned to either
80 or 40 meters. \When operating on 30 me-
ters all crrcuits will be tuned to that band.
On 40 meters, the plate circuit of the oscil-
lator, as well as other two stages, will be
tuned to 40 meters. For 20-meter operation,
we have the plate circuit of the oscillator
tuncd to 40, the first amplifier, V2, tuned to
20, and the final amplifier, V3, tuned to 20
meters. In this transmitter, external bias is
needed for the amplifier stages This can be

supplied by conventional B batteries or off
an especially designed low-voltage power
supply.

Method of Coupling Antenna

In Figure 3, we have shown the various
methods of coupling an antenna to a push-
pull amplifier. In Figure 3A, we have the
impedance-matching network used with two-
wire feed systems. In adjusting this type,
the amplifier plate circuit is adjusted for
minimum plate current without the net
work attached to the amplifier coil; then
the two feed wires are attached to the plate
tank coil and Condenser Cl immediately a-
justed for a minimum plate current in the
amplifier. If a dip in the plate current can-
not be obtained, C2 should be changed from
minimum to maximum, or vice versa. If a
minimum setting of C2 will not allow a dip
in plate current when Cl1 is adjusted, then
the maximum setting will. Cl and C2 should
then be adjusted until the plate current of
the amplifier rises to normal value for fuli-
load conditions, always setting Cl to a point
giving minimum plate-current. The plate tun-
ing condcnser should never be touched after
it first has been adjusted without the feed-
ers connected. In Figure 3B, we have the
usual inductive coupling where either series
or parallel tuning of the feeder system is
employed. Link-coupling can also be uscd
between the final amplifier and the antenna
circuit, as shown in Figure 3C. In Figure
3D, wec have link-coupling to a single wiie
antcnna with a tuned circuit connected to
one end of the antenna. In this case, the
total antenna length from the tuned circuit
to its farthest end should he slightly less
than one-half wavelength,
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CHAPTER 7

ANTENNAS and FEEDERS
Jor AMATEUR STATIONS

® ONE of the most important parts of any
short-wave station, transmitting or re-
ceiving, is the antenna. We will endeavor to
point out in simple English the nature of
cach type of antenna and its various uses.
The “Half-Wave” Antenna

It is an established fact that a wire will
resonate at a wave-length twice as great as
the actual length of the antenna in meters.
This is called in raddio circles a half-wave an-
tenna. On the other hand, certain antennas,
which are apparently one-quarter wave-
length long, mav be nsed when operatin.g
against ground (Farth)) This is show'n in
Figure 1A, The current and voltage distri-
bution along an antenna of this type, which
i1s commonly called the Marconi antenna, is
shown by the curves 1 and E. We notice
that the point of maximum voltage is at the
ungrounded end, while the point of maxi-
mum current i1s at the grounded end. In
Figure B and C, we show how this type of
antenna may be tuned and coupled to a
transmitter or receiver. In Figure D, we
show a method of operating a Marconi an-
tenna with an wuntuned transmission line.
This transmission line is connected to the
antenna a short distance from the grounded
end. Usually, this distance should be equai
to 28% of the length of the antenna which
as stated before, is one-quarter of a wave-
length. In Figure 2A, we have the well-
known one-half wave antenna. The length of
this antenna in feet for any given frequency
is expressed by the following formula:
492,000
—— X K=feet

F
Where 1. is the length of thc. antenna in
feet, and F is the frequency in KC., and
K is the correction factor. Below 3,000 ke.,
K=.96. From 3,000 to 28,000 kc., K=.95,
and above 28,000, K=.94.

.=

Points of Maximum Voltage and
Current

In Figure 2A, we find that the point of
maximum current is 1 the center of the an
tenna, and the point of maximum voltage s
at the ends of the untenna. This half-wau ¢
antenna is undoubtedly the most popular of
all types.

In Figure AA, we find the entire current
distribution group for an antenna a half
wavelength long, one wavelength long, 114
wavelengths long, and two wavelengths
long. This corresponds to a single antenna
operated on any one of three amateur bands,
If it were cut to operate as a half-wave an-
tenna on 80 meters, for instance, it would
be a full wave antenna on 40 meters, and
the current distribution would be shown by
curve B. 1t would then be said that the an-
tenna was operating on the second har-
monic, as a full-wave antenna, H the same
antenna were operated on  the 20-meter
band, the curve D, indicates that it is op-
erated on its fourth harmonic, and the an-
tenna would he two wavelengths long. Now,
curve C shows the current distributioun
when the antenna is operated on its third
harmonic, or when there are three half
waves standing on the antenna. For in-
stance, if we wish te construct an antenna
operated on its third harmonic in the 40-
meter band, the antenna would have a
length of three half waves or 60 meters.
Third harmonic antennas are not very popu-
lar because the average Ham desires an
antenna as short as possible. Antennas are
usually fed or excited at either point of high
current, or a point of maximum voltage
when tuned feed lines are used. For in-
stance, in the Zeppelin tvpe antenna where
the feeders are connected to the end of the
antenna for a point of high voltage, the an-
tenna is said to be voltage-fed. In the
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doublet type, where the feeders are con-
nected to the center of the antenna, ie., a
half-wave antenna, it is said to be current-
fed. Antennas fed at the center are only
current-fed when they are a half wave-
length long. This is clearly shown by the
curves A and C in Figure AA. If an an-
tenna had a current distribution as shown
by Fig. B or D and was fed in the center,
it would be said to be voltage-fed. Anothe:
method of exciting an antenna, which will
be described later, is by an untuned trans-
mission line matched in impedance to the
antenna at any point which may provide
the necessary impedance match. In Fig. 2
—B, C and D, we have this sort of an an-
tenna.

In Figure 2B, we have what is known as
the single wire matched-impedance feed sys-
tem which consists of a single wire attached
to the flat-top slightly off center. The dis-
tance (A) between the center of the anten-
na and the point where the feeder is at-
tached, is equal to 14% of the total length
of the antenna flat top. With this type of
antenna, the feeder should be run at right-
angles to the flat-top for a distance of at
least 30% of the length of the antenna. In
Figure 2C, we have the two-wire feed
matched impedance antenna, using a 600
ohm transmission line. The dimensions are-

492,000
A= XK1
i
147,600
B=—w—
F
and C=75XD. K= .25 for frequencie«

betow 3,000 kc., .24 from 3,000 to 28,000 kc.
and .23 for all frequencies ahbove 28,000 kc.,
and D is the Jdiameter of the wire. In other
words, the spacing bhetween the two feed-
crs should be equal to 75 times the diameter
of the wire. This antenna should also have
its feeder system running at right angle to
the flat top for a considerable distance. Tests
have proven that when a halfwave antenna
is split in the center (Fig. 21)) it represents
an impedance of 70 ohms at this point. Re-
cently, various cables have been introduce«l
on the market having a characteristic im-
pedance of 70 ohms. This type of cable can
be connected directly to the center of a
half-wave antenna.

In Figure 2k, we have the very popular
hulf-wave Zepp antenna which is voltage fed
by a pair of "folded-up” feeders. 'I'he length

of the feeder systems, in this case, is quite
important because they form part of the
antenna, although they do not radiate be-
cause the fields about the two wires cancel,
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being 180 degrees out of phase. In Figure
2F, we have the half-wave antenna current.
fed (meaning the antenna is fed at a point
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Methods of tuning and coupling anten-
nas to the final amplifier of your trans-
mitter; also ‘“impedance-matching” net-
works which provide a great increase
in the ethcienecy of the antenna system.
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of maximum current) i the center with &
coil and two tuning condensers used for
tuning the antenna to exact resonance with
the transmitter frequency. The disadva
antage of tlis type autenna, of cotrse, |
that the rediating portion of the antenna is
nsually brought directly into the transmit
ter room

In Figure 2G, we have the half wave an
tenna with a tuned feeder system connected
to its center. This is also a current-fed an
tenna system when the total flat top length
is equal to one-half wavelength. The feed.
ers of this system will have approximatel
the same dimensions as those for the Zep
pelin antenna, i. e, they can be 174, 3/4
5/4, ¢tc., any odd number of quarter waves
in length. All of these half-wave Hertzian
antennas are quite directional in direction:
at right angles with the plane of the an
tenna; in other words, should an antenna
point north and south, it would be direc
tional east and west

Aerial Constructional Details

The most important elements of any an
tenna systems are its height and insulation
The Hertzian antennas, regardless of the
type or how it is energized, should be as
high as possible. The average height above
ground for best results should be at least
1/4 wavelength. Insulation, wherever used,
should be glass or preferably glazed, por
celain or isolantite, and the insulation at the
ends of the antenna should be from 8 to 12
inches. In draping the feeders about the
“shack,” all sharp bends should be avoided
Wherever a bend is necessary, it should be
well rounded out rather than making a
sharp angle. Another important part of an
antenna system is the method of coupling
to the transmitter. In Figure 3A, we have
the usual connections for the two wire-
matched impedance antenna. In Figure 3B,
we have the single-wire antenna connected
to a single-ended power amplifier. Both of
these antennas should be connected through
condensers in order to keep D. C. plate
voltages out of the antenna system. In Fig
ure 3C, we have the well-known tmpedance-
matching network, wherein two variable con-
densers and two coils are used for tuning
and matching a two-wire feed system to the
transmitter. With a tuning device of this
type, and the correct impedance match
which it provides between the antenna
feeders and the amplificr have proven to be
very efficient, and many times increase the
effective radiated power of the transmitter
a goodly percentage.
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CHAPTER &

SELECTION OF TUBES FOR
LOW-POWER EXCITER STAGES

® THE choice of tubes for the oscillator,

buffer, or multiplier stages of a trans-
mitter is always quite a problem to the
amateur. Also the circuits to use are nu-
merous, especially with the recent tube de-
velopments. In Fig. 1, we have the conven-
tional triode ecrystal oscillator circuit; with
this tube the crystal is used in the grid cir-
cuit and -oscillation is brought about when
the plate circuit-is tuned to approximately
the crystal frequency. This circuit was the
first to be used among amateurs when crys-
tals were still a luxury. Either series or par-
allel plate feed may be used in this circuit.
Fig. 1 shows the series method, while Fig.
2 is the same set-up but with parallel feed.
Number 2 allows the rotor plate tuning
condenser to be independent of the high
voltage, and it can be mounted on a metal
panel or chassis with no insulation,.

The next popular crystal circuit was that
using the 47 pentode; this was a consider-
able improvement over the former circuits.
In Fig. 3, we find the conventional 47 pen-
tode, which proved to be an excellent crys-
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Fig. 16: The 53 twin triode is used as an oscillator and multiplier.

tal controlled oscillator and allowed less
R.F. crystal current; thus lightening the
load on the crystal. In Fig. 4 we have the
same circuit except that the heater—ca-
thode type tube is used; such as the 59,
2AS, etc. There is little advantage in this
circuit over the 47 aside from the fact that
the heater is separate and no filament by-
pass condensers are necessary.
Tritet Oseillator

Later developments in pentode circuits
brought forth the well-known Tritet os-
cillator as shown; this is a modification of
the Dow oscillator. In this circuit we can
multiply the crystal frequency in the plate
tuned circuit, independent of the crystal
oscillatory circuit. However, the plate cii-
cuit can not be tuned to the crystal fre-
quency because of insufficient internal
shielding in the tube. This circuit is shown
in Fig. 5, and a number of different type of
tubes may he used as is indicated. A more
flexible adaptation of this same circuit is
shown in Fig. 6 where the screen grid pen-
tode tubes are used, the shielding in these
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will operate on any one of three bands, with one
average medium-power amplifier.

This will also excite

the average medium-power *“final® amplifier.
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tubes is sufficient to allow plate circuit to
be tuned to the crystal frequency or an
harmonic of it Here the power pentodes
such as the 802, RK23, 807 or RK39, etc,
may be used, or the pentode receiving type
tubes where only low-power stages are re-
quired. Where a number of multiplications
are necessary, the reveiving type tubes, such
as the 57 and 39, are recommended, because
of their low cost, and very respectable
power “out-put.” In the receiving type tubes
though there seems to be little advantage
in applying a positive potential to the sup-
pressor, while in the power-type tubes this
does increase the out-put appreciably.
Neutralization

So much for the oscillator circuits. We
now consider Fig. 7 in which an amplifier
tube is added to the oscillator. Here we
liave a triode neutralized amplifier when op-
erating on a crystal frequency. For a fre-
quency multiplication neutralization is not
absolutely necessary, although the neutral-
izing condenser and the tapped coil
arrangement should be employed, because
a certain amount of regeneration may be
obtained by the proper adjustment of this
condenser N.C. and thus increase the har-
monic out-put considerably. Those who
have not tried this method of frequency
doubling will be well rewarded with a con-
siderable increase in “output,” through the
use of the neutralizing condenser, which
then becomes merely a feed-back control.
The coupling hetween the two stages in
this instance is capacitire.

Link Coupling

In Fig. 8 we have both the grid and plate
circuits of the amplifier tuned and link
coupled to the preceding stage. This link
coupling may consists of one or two turns
connected with a twisted pair of insulated
wires coupled to both tank circuits. This
is a recommended method where the extra
coil and condenser can be incorporated
conveniently in. the set-up, although where
a great many multiple stages are used, as
pointed out previously, employing receiv-
ing type tubes, this method would be en-
tirely too complicated and the advantages
would probably be slight. Tt is only in the
last buffer or between the last buffer and the
final amplifier stages where this method is
really a distinct advantage.

In Fig. 9 we have the same circuit except
that we use two tubes in push-pull. In this
case one link coil is coupled to the I3 plus
end of the driver tube, and the other coup-
led to the center of the grid tuned circuit,
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Above we have the triode and pentode
erystal  oscillator, using conventional
circuits.
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Here we have the oscillator—mulbtiplier
—and also neutralized amplifier and

doubler.

winle 1 lag 8, both couphing cuils were
coupled to the low potential end of the
tuned circuits . The push-pull circut, of
couwrse, s not suited for frequency doubling
although it s recommended  for tripling.
However, frequeney tripling s not common-
ly used i the amatewnr bands,

We can also obtain fiequency multipl
cation wath a single tube in another man
ner as shown e Figs 100 This is the twin
triode type, such as the 53 and the 6A0,
where one section is used as a plate-tuned
crystal oscillator and the other triode section
cupacitively  coupled to it, is used as a
harmonic  amplifier. Choosing the prope:
method of neutralizing amplifiers is another
problem which very often confronts the
amateur. Kither grid neutralization, as shown
i big. 1, or plate neatralization (Hazeltine)
may be used. There is really no difference
in the two circuits where adequate driving
power is employed. However, in some in-
stances  the plate neutralization method
may be slightly superior. In both of these
circuits, we have used a center-tapped coil,
with the tuning capacity shunted across
the entire inductance. Another method of
accomplishing this is shown in Fig. 12A,
where the tuning condenser is only shunted
across the plate section of the coil. If the
plate coils are well constructed and tapped
in the exact electrical center, the methods
shown in Figs. 11 and 12 are more con-
venient, because coils may be changed with-
out requiring a resetting of the neutralizing
condenser. Neutralization voltage may be
also obtained as shown in Fig. 13; that is,
directly from the driver-stage tank coil.

If push-pull circuits are to be used for
frequency doubling, then the connections,
as shown in Fig. 14, must be employed. In
this case, the grids are connected in the
usual push-pull manner, while the plates
are connected in parallel. This is a very
eflicient frequency doubler although it em-
ploys two tubes instead of one, and unless
the increased power obtained in this man-
ner is really necessary, the complication
does not warrant the use of this type of
multiplier. The most versatile and efficient
oscillator and multiplier circuits where low-
powered exciters with an out-put of around
10 or 15 watts is required, are shown in Fig.
15 and 16. In 15 we have the pentode Tritet
“oscillator buffer” or multiplier, which in turn
drives another screen-grid tube. This ar-
rangement will provide 10 to 15 watts out-
put used as amplifier and not a multiplier,
and around 5 to 10 watts when doubling
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he N1 y twoO-DO] 0
[ | juencies or the
cond harmonic of it, and a 210 or type 45
tube is used as an amplifier

—_— o ———

1
—

Y

AN

z.xn'.:..x

-

1
|
_J
|
0

—Ak—

51

NC __r

FIG 12A I

— .

20000 —
-
o
a¥al

1k —

000000000

=)

-
B

-

b — —_——

PLATE NEUT ‘
| (HAZELTINE)

— YV YIIIT™
Alk
| Ak
—

L

T
—
1

Y
B p
L —Ak

1 ,’E’H
| NC =
FIG 9 | 2§ |
| o : l"l S
s (a+ L-}  B- Al |
™ |
05C -MULTIPLIER | l | _4' i |
L ;15 53 RFC ' |
arc | M S 646 /
(" U Ty
; l’ >4 ('f yt ( .n“s' | al |
: i ﬁ?‘ l'f | ;i
| .-r .J,\z‘ T: N
< \ 4 P <
2 ) | Y W+ c
| < 1 )
L5 L _amwm— < l
CRYSTAL ‘
Y i ‘ ‘
FIG 10 |
I Ggug ‘ &’B“_’_
NEU i ]
T T PUSH - PULL 100 |

DOUBLER MMF |

.. FIG11 &
0 $ | ¢ B+
llere we have varions types of multiplier Different methode of neutralizing and

and buffer atagea. aleo push-pull doubler.




36

CHAPTER 9

Radio Amuteur Course

THE. FUNDAMENTALS
O AMPLITUDE MODULATION

® THE term modulation alone might scare

the uninitiated, but, really, the radio
transmission of voice and music is not in
the least complicated if a few of the basic
principles are clearly understood. An ordin
ary continuous wave or CW transmitter
emits a wave of constant power or ampli-
tude when the key is keld down. Theoret
ically when transmitting code signals, the
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question were to press his foot down, shut
ting off half the water flow, he would then
by moving his foot up and down be able to
either increase or decrease the flow of
water. The degree by which he nay increase
or decrease the water would be analogous
to the volume of the imposed voice signal
and the rapidity with which he may repeat
this motion would be analogous to the

—
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Diagram of Class “B” modulator and also suppressor grid modulation.

transmitter is modulated in the form of
dots and dashes. In this case, however, the
wave is cut off abruptly to form the char
acters. In the case of radio telephony, the
audio frequency modulation varies the
power output of the transmitter in accord-
ance with the intensity of the audio fre-
quency variation imposed upon the micro-
phone.

The analogue shown in the drawing Fig.
1. where we have a person standing on 2
hose indicates a hydraulic analogy of mod-
ulation. For instance, if the gentleman in

voice frequency. In other words, modula
tion does nothing more or less than vary
the output of the transmitter at voice or
audible frequencies. The degree of varia-
tion is the percentage of modulation, and
the number of times it makes a complete
change is the frequency of the audio com-
ponent. In diagram 2 we have graphically
illustrated how modulation affects the trans-
mitted wave. In the beginning at “A” we
have the normal carrier amplitude. Now if
we increase this 75%, for example, on one-

half of the audio cycle it would naturallv
be followed by a similar decrease helow
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in this case is operated class €, as describenl L
in a previous chapter, where the changes
in power output is directly proportion-
al to changes in the power input.

Therefore, when plate voliage is re : J
doubled the amplitude of the carrier is o ‘/rJ =
doubled and when the plate voltage is re h / / (-'-'-) — ['.‘3
duced to zero, of course the output i1s also t ™ ' Y, J ;
zero. In Fig. 4 we have other methods of J r T - |

L
accomplishing the same conditions through | ﬁ )
the use of push-pull modulators coupled to A‘r"}
the amplifier through transforiners. —— 4}

Another method of varying the output -

of the transmitter is shown in Fig. 5. This MODULATOR J
1s the recently introduced suppressor mod. e y B ' ‘
ulation, where changes in suppressor voii l‘ e Al
age have direct contro! over the output of ] 7= "
the amplifier. These tubes are pentodes l "";'h ¢
such as the 802, 803, RK20, and many r* . l ',.', .J
others. In this case, however, the audio FI6.6 v 5 . & B+
power requirements are nol us severe as A BEARY ol
when plate modulation s uvsed. For in e 50.000 i
plate modulation if we have 50 watts input AP - 45's , &CLAS&B
to the R.F. amplifier, that s D.C. plate ¥ e . o
voltage times D.C. plute current, we need ST 7 \‘L' 1 i
at least 25 watts of audio power. In other %5_: ;~ g ) > 2 | J
words, for plate modulation the audio re S \-'-'-3 r . r A l 2} =
quirements are just 50% of the power in- F\’“'\ o e ¥ ('.".) —
put to the modulated amplifier for 100v% L o Ve (
modulation. In figure 5, the audio require- [ L " o
ments are, of course, much less. Usually o

to modulate even the lurgest of pentodes.

5 or 6 watts of audio is more than sufficient ! '(,,\‘ . # 7«)\‘ |
l
I

The adjustment of a suppressor modulated ~1 | l dy ”’ |
amplifier i1s quite simple. Tlic suppressor 7s|o _: 5) LY L\
voltage is adjusted untl the output of the ) OHMS [ r
amplifiers is reduced to about 25%. This is D 10 B suppLy b é_
accomplished by runuing the suppressor °23%i?§,’gg‘ B+
negative. The audio voltage is then coupled — 6 8
to the suppressor through a suitable trans- o ’Eﬁ'r%‘-— ey -
iy amanits il I S R T s = o
ing an increase and decrease in the power i L —w [
output of the tube. S A |
In Fig. 6, we have grid modulation. This 4\ ‘r‘wé-% HOGR
is accomplished by adjusting the RF. am- N ME ~I i <3110
plifier so that the variation in output is di- 0.1 - 1.000v
rectly in proportion to thec changes in grid MEG )
voltage Here, too, onlv a low-powered mod - L
ulator is required. The output of a grid P— K,
modulator may even be less than that re J [__(/ gl_gv
quired for suppressor modulation. BOF'B- ] (T |
In Fig. 7, we have a diagram of a com AmP = 0-200ma e, o
C+
plete modulator with an output of around
25 watts. We have two stages of speech Method of medulating the control-grid
amplification using tvpe 56 tubgs, coupled also diagram of high power modulator
to a 46 connected as a triode driver for the and  power-supply.

class B 46’s. The output transformer should

be of proper design to match the output of P
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Complete 25-watt modulator and speech amplifier diagram together with a speech

amplifier for a “low-

the modulator to the input circuit of the
modulated amplifier. Such a modulator will
modulate any transmitter having a plate in-
put of 50 watts. For higher power inputs,
naturally greater modulator power is ne-
cessary,

In Fig. 8 we have the type 830B's or
800’s as class “B” modulators with type
45's as drivers. These tubes will mod-
ulate up to a 200-watt power input. The
output of such an amplifier is around 100
watts, The speech amplifier in Figure 7 will
<erve for the average double-button carbon
microphone or a crystal microphone. For
lower-level microphones, naturally greate:
amplification is necessary, and in Fig. 9 we
have shown three stages of resistance coup-
led triodes,

In dealing with high-gain specech amphi-

level”> microphone.

fiers of this sort, sufficient circuit isolation
or de-coupling must he employed in order
to eliminate feed-back and audio frequency
oscillation.

T1 in diagram 9 should be coupled to the
driver stage of any modulator. For instance,
it would be coupled to the 43's in push-pull
of figure 8.

Below is a list of modulators which may
be used with various tvpes of power am-
plifiers. These are all, of course, for plate
modulation.

R.F. In put t)» Modulation

Amp. Tubes R.F. Amp. Tubes Mod Out put
46, 10, single s0W 46°s Clasa B 25W
push-pull or par.
801's in push-pull  100W 10°s in Class R 50.60W
£00°s in push-pull  150W 800°s in Clase B 100W
211-03A-838-830B

up to 200W A00's in (lace B 100W

nee HIB'e or
203A°s Class B 200 to 260W

For inputs exceed-
ing

200W
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CHAPTER 10

POWER

SUPPLIES

Ammateur {wures

I'OR

AMATEUR SE'TS

® IHE most unportant part of a trans

mitter, or any piece of radio apparatus
is the source of power or the power supply
unit, In nearly all cases the power for op
erating radio transmitters and receivers is
taken directly from the alternating curreant
power mains. In Fig. 1, we have the various
types of rectifier units for operation di
rectly from alternating current. Principles
of alternating current and the action tak
ing place in rectifier circuits have been
clearly defined in previous lessons of this
course In Fig. 1A, we find a representative
drawing of alternating current with each
half of the cycle numbered starting with |

The Hall-Wave Reciifier

In Fig. 1B, we have the well-known half
wave rectifier with its pulsating D.C. out
put also illustrated. We find that the first
impulse is transmitted to the output of
the rectifier system. The second impulse
though, as shown by the dotted line is not
transmitted, and then No. 3 which is in the
same direction as No. 1 is also trausmitted,
and so on to No. 5. Here we find a con
siderable space in between each impulse
which i1s received at the output terminals of
the rectifier system. This is characteristic
of all half-wave systems, and it will be scen
that this i1s much harder to filter or smooth
out, due to the great time space occurring
between the direct impulses.

Full-Wave Reciifier

However, we can utilize the other half
of this A.C. input cycle, by what i1s known
as the full-wave rectifier svstem, diagram
med in Fig. C. In this case we have no par-
ticular time space between the impulses as
shown in the drawing accompanying Fig. C.
This current, of course, i1s much easier to
filter because of the relative smoothness com-
pared with the output of the rectifier in
Fig. B. In Fig. C, we utilize a center-tapped

transforiuer, where the output voltage «f
the rectifier is approxumately equal 10 !,
of the entire secondary voltage, or approx
mately cqual 1o the voltage existing on
either side of the center tap

Voliuge Lither Side of Center Tap

'his transformer, for instance, may de
liver 500 volts at the output terminals of
the rectifying system. This would require
that each side of the ceuter tap deliver 500
volts, making a towal secondary voltage of
1,000. This same transformer can be made
to deliver 1,000 volts at the output terinin
als of the rectifying system if the entire
secondary 1s used in a half-wave system, as
shown in Fig. B. On the other hand,
this would be dificult to filter. With
a suitable rectifying system, we can obtain
full-wave rectification and have the entire
secondary voltage appear at the output ter
minals of the rectifier

The Bridge Rectilier

In Fig. D we have the bridge rectifie:
system which requires four Y%-wave recti-
fiers. Here the output is just as smooth as
that shown 1 Fig. C, and the voltage s
Licice us greut!

When selecting the power transformer
there are many things to consider besides
the voltage rating. Of course, the primary
of the transformer must be designed 10
operate at the voltage of the power mains
110-volt mains require a transformer with
a 110-volt primary, and if the power mains
deliver 220 volts, then of course a like prim.
ary would be needed. We also have to con.
sider the frequency of the A.C service. 1The
average of course is 60 cycles. However, in
different parts of the United States, and in
various foreign countries. the frequency
may be anywhere from 25 1o 60 cycles. The
average 60-cycle power transformer will
operate satisfactory on e¢ither 50 or 60
cycles. However, where 25 or 30 cycle
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power is available, a transformer designed
especially to operate at that frequency will
be required.
Power Rating of Transformer

‘The power rating of the secondary of the
average transformer is given in volts and
milliamperes. The voltage rating is deter-
mined entirely by the rating of the vacuum
tube for which the transformer is intended
to furnish power. For instance, the average
50-watt tube operates at around 1,000 volts,
therefore, a transformer delivering from
1,000 to 1,250 volts will be required, Usu-
ally, the voltage rating of the transformer
is slightly greater than the tube rating, in

41

vacuum rectifier in former years was so de-
signed that there was a considerable drop
in voltage through the tube. Then to over-
come this mercury was added to the tube
and the ionization thus coming about dur-
ing operation, lowered the resistance to a
negligible amount, and, therefore, the volt-
tage drop was practically eliminated. The
rated voltage drop of the average mercury
vapor tube is 15 volts.

For power supplies up to 300 volts the
tvpe 80 tube is recommended. For power
supplies delivering in the neighborhood of
500 volts, the type 573 is suitable. For good
regulation in the 500-volt category, either
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In Fige. 2, A, B, €, and D, we have various types of filter networks together with a

method of connecting condensers in series,

In Figs. 3. A, B, and €, we have the three

fundamental power supply systems. The receiving type, the low-powered transmitting
type, and finally the dual power-supply, nsing the “bridge™ rectificr aystem.

order to allow for a veltage drop in the
filtcring system. If the total load on the
power supply, for instance, is to he 250 mia,
(milliamperes), the current rating of the
transformer will have to he 250 ma., plus
the current drawn by the blecder resistor.
T'he bleeder will be covered later on in this
chapter.
Choice of Rectifier Tube

The choice of the rectifier tubes is quite an
important one. There are two types of ree-
tifiers generally used among amateurs and
experimenters. These are of the high vacuum
type and the mercury vapor type. The high

the mercury vapor tube may be used or the
new high vacuum “83V”. The “8IV" pro-
vides excellent regulation and has an ex-
tremely low voltage drop, due to the very
close spacing of the elements. For the av-
erage power supply delivering in the neigh-
borhood of 1,000 volts, with a center-tappcd
transformer, the type “866" which is a one
half wave mercury vapor rectifier or the
high vacuum type 836 arc recommended.
In fact, both of these tubes work well in
power supplies delivering as high as 2,000
volts. The “866" may be used on voltages
well above this figure.
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In Fig. 1, A, B, C, and ), we have va-

rious types of rectifying circuits, includ-

ing the half-wave, full-wave with center-

tapped transformer, and the full-wave

“Bridge® circuit.
The Filter Circuit

After the alternating current has been
rectified, we have to use some sort of
smoothing or filtering circuit in order to de-
tiver pure D.C. to the transmitting vacuuin
tubes. In Fig. 2, we show various filter Sys-
tems. In 2A, we have the so-called “brute
force” filter, wherein a single choke and
two condensers are used, The current car-
rying capacity of the choke should be iden-
tical to the transformer rating. The induct.
ance of the choke for low-voltage filters
should be around 30 henries, and is not at
all critical. In Fig. 2B, we have the double
section filter using two chokes and three
condensers. This provides greater smooth-
ing than the one shown in Fig. A. Both of
these are known as the condenser input

types. Either of these filter systems work

very well with the average S00-vult trans
former, when the capscities of the conden
sers aic at least 2 mnf. cach and the induct
ance of the choke CH 1s 30 henries ecach
FFor voltages below 500, the clectroly e
condenser may be used to an advantayge
because of 1ts low cost | he usual capacity
of the clectrolytic condenser is 8 mf. There
are two types of these condensers; one s
the wet, where the electrolyte is in the
form of a hquid, and the other 15 the so
called dry, where the electrolyte is in the
forin of a paste. The advantage of the wet
ondenser 1s i that it may be overloadeil
and not damaged because of the self-healing
cifect which normally comes about in this
type of coudenser. Lhe dry type, when
punctured, usually has 10 be replaced.

For voltages over 500, of course the papel
type condenser is really the best, and this
should be of the oilimpregnated type. |he
voltage ratings of the condensers are given
in peak voltage and D.C. working voltage
I'he D.C working voltuge (W.V.) should be
shghtly lhigher than the average voltayge
ouput of the power supply. l'or nstance, a
1,000-volt power supply would require con-
densers having a W.V. rating of from 1,200
to 1,500 volts. In Fig. 2, we have the con
ventional filter arrangement used in the
power supphes that develop 1,000 volts or
over. In this case, we have choke mnput
meaning that there is no condenser across
the input 1o e filter,

Filter Chokes

The regulation of a power supply of this
type, regulation pertaining to the difference
in output voltage during changes from
minimum to maximum load, is better than
the condenser input system. The mput
chokes CHI should be of the swinging type.
The second choke CH2 can be of the usual
30-henry type; or, in fact, anything from 18§
to 30 henries seems to work well, where
the input power is obtained from a 60-cycle
source. When the power supply is to be
operated from a 25-cycle source, the choke
inductance and capacities of the condensers
should be increased approximately 2.5 times
to obtain the same amount of filtering at
the output of each one of the filter systems
shown.

In Figs. 2 A, B, and C. we must employ a
so-called bleeder resistor or what might be
called a “buffer load” The amount of
power consumed by the bleeder resistor
bears a definite relation to the variation of
the power taken from the filter. However,
values which give satisfactory results under
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known conditions are as follows: for 300
volts a 15,000-ohm, 25 to 35-watt resistor;
500 volts 20,000 ohms, 50 watts; for 1,000
volts, 25000 ohms, 100 watts; 1,500 volts
35,000 ohms, 150 watts; 2,000 volts, 100,000
ohms, 200 watts. In some cases, the ama-
teur may find that he has, for instance, two
1,000-volt condensers and desires to employ
them in a filter circuit of 2,000-volt power
supply.

In Fig. 2 D, we have shown a method of
connecting condensers in series and in or-
der to obtain equal voltage across each one
of these condensers a voltage divider must
be connected across the condensers, as
shown in 2 Fig. D. This is also necessary
if electrolytic condensers are used in series
and the polarity has been indicated. The
value of R is not critical, and may be any-
where from 150,000 to 500,000 ohms each.
This parallel resistor reduces the effective
filtering capacity of the condenser slightly,
but can be ignored for all general purposes.

3 Power Supply Line-Ups

In Fig. 3, we have three complete power
supplies. Fig. 3A, shows the receiving type
power supply using the type 80 tube. This
circuit is satisfactory for voltages up to
around 400. The two condensers marked
C1 are used solcly 1o reduce tunable hums,
and the capacity is not critical. Something
in the order of .002 to .006 mf. seems to work
satisfactory. The ratings of the chokes de-
pend upon the amount of current taken
from the power supply, and also the cur-
rent drawn by the bleeder R. The induct-
ance, however, should be 30 henries, and
the capacity of the condensers C should be
8 mf., electrolytics being the most ccon-
omical.

In Fig. 3B, we have a full-wave power
supply, using separate half-wave rectifiers.
1f the type 81 vacuum type tubes are used,
condensers CX may be employed: that 1is,
condenser input may be used to the filter,
1 to 2 mf. being the proper capacity of
this condenser. For the mercury vapor
type tubes, condenser CX should be elim-
inated. CH1 should be a swinging choke hav-
ing an inductance of approximately 20 to
100 henries. CH2 may be in the order of
15 to 30 henries. Separate transformers are
used for the high-voltage and filament sup-
plies. In all cases, the filaments of the tubes
should be switched on several minutes De-
fore the switch SW2 is closed.

in Fig. 3C we have the Bridge rectifier
circuit used in a power supply capable of
delivering two voltages; this is really two

power supplies in one. Here we have uti-
lized a center-tap transformer giving ap-
proximately 600 volts each side of the cen-
ter tap. This delivers 1,000 volts through
the filter on one side of the B negative, and
500 volts on the other side of B negative.
A filament transformer having three sep-
arate filament windings is required. The
tubes used are three types “83" mercury
vapor rectifiers. CH1 in botih cases should
be swinging chokes and CH2 may be from
15 to 30 henries, the same as in 3B. The
condensers C, of course, will have to have
a rating high enough to safely stand the
1,000 volts, but condensers C1 will require
only one-half this rating. If the power
transformer, T1, is capable of supplying 300
to 400 ma., this power supply makes an
excellent combination to run an entirc
transmitter, including the low-power stages
as well as the final ampiifier.

[Here we have analogies of the “bridge”

rectifier cirenit in hydraulic form, and

also an hydraunlic analogy of the “filter
network.”
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CHAPTER 11

S-W RECEIVERS

BANDSPREAD

« « REGENERATION . . COUPLING
METHODS . . .

® THIS chapter will be devoted entirely to

a discussion of simple receiper circuits,
in so far as various types of feed-backs,
regeneration controls, and many other
minor details are concerned.  The theory
of the circuits will not be discussed, because
this was given in previous chapters,

The most important consideration in
simple regenerative detectors is the method
by which regeneration is obtained. This may
be done in a number of ways. The two most
prominent are the plate feed-back method,
as shown in Fig. 1, and the cathode mecthod,
shown in Fig, 2,

Controlling the regeneration of anyv re-
ceiver may bhe accomplished by a sariation
in_ voltage of one of the elements of the
tube or by varying the degree of feed-back
coupling. In Fig. 1, we show both the
throttle condenser control of regeneration
which is indicated by condenser “C”, or
the variation of plate voltage by the po-
tentiometer “R”. For any detector circuit
using a triode there is an optimum range
of plate voltage within which the detector
operates most efficiently and smoothly, It
is strongly advised that both the resistor
“R” and condenser “C” De employed to
obtain best results. Resistor “R" may be a
part of the power supply, and when once
adjusted regeneration may be further con-
trolled with the throttle condenser “C.
The number of tickler turns is also very im-
portant. No definite rule can be given for
the number of tickler turns which will work
satisfactorily for all conditions. If the
throttle condenser “C” has a maximum ca-
pacity of 140 mmf. the tickler turns should
be adjusted simultaneously with the plate
voltage for maximum sensitivity, with the
plates of your condenser “C” about 3%
meshed. This will allow smooth control of
regeneration with the remaining 25 per
cent of the capacity of the condenser.

An example of what might
a situation which in many cases has pre
vented the experimenter from obtaining a
high degree of sensitivity in the receiver
follows: For instance, suppose the tickler
turns  were considered greater than the
number necessary to bring about oscillation
with a plate voltage of cay 45. This would
mean that the voltage on the plate would
have to Le reduced considerably below this
value in order to stop oscillation, thus re-
sulting in operation of the tube at a plate
voltage which does not permit maximum
sensitivity. This holds true with the screen-
grid detector as shown in Fig. 2. 1In this
case, the screen voltage is the critical po-
tential. The diagram shown employs the
cathode tap, or so-called electron-coupled
arrangement. This tap should be varied ex-
actly the same as suggested for the tickler
turns in diagram 1,

In IMig. 3, we endeavor to show the proper
connections for plate and cathode feed-
back where separate coils are used. For
instance; starting at the top of the coil
form, and providing the two windings aie
both wound in the same direction, we have
the terminal going to the grid or grid-con-
denser and grid-leak. This is the grid coil,
the lower terminal of which connects to
the “B” negative,.

happen and

Feed-back Connections Important

Now for plate feed-buck, the B plus con-
nects to the top of the tickler and the plate
of the tube to the bottom. If we are using
cathode foed-back with this coil, the top con-
nection of the tickler will go to the ca-
thode, and the bottom connection will go to
the B negative.

We trust that the reader will familiarize
himself with the above statements regard-
ing coil connections, It is surprising the
number of mistakes made in the connec-
tion of thke coils,
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Going back to Figs. 1 and 2, we find
‘that the grid-leak is shown both across the
condenser and directly from grid to “B”
negative; each has its advantage. The grid-
leak being across the condenser is not a

‘3
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Y

FIG.5

In the above drawing we show various
methods of obtaining regeneration and
band-spread tuning.

parallel shunt to the tuned circuit and in-
troduces no losses. However, it can easily
be seen, and many will recall, that when
the plug-in coil is removed the grid circuit
is open and in nearly all cases a tremen-

45

dous howl or hum will result. Connecting
the grid-leak directly from grid to the “B”
negative side of the circuit, instead of across
the grid condenser, eliminates this irritat-
ing occurrence of noise. Practically, there
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Various types of coupling bhetween two
stages of a receiver are illustrated ahove.

will be no noticeable decrease in efficiency
of the detector because the resistance is so
high it offers extremely small losses in the
tuned circuit. Therefore, the writer believes
that it is the most logical connection.

Band-spread Problem

Band-spread has always been a consider-
able problem and dozens of methods have
been put forward. In Fig. 4, we have the
parallel condenser arrangement which con-
sists of a fairly large tuning capacity “C1"”
which is used for setting the range of the
smaller condensers “C2"”. For a fair degree
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short-wave
diugran, embodying the various

features discussed in this lesson,

Coupling R, F. Stage 10 Detector
Coupling the R.F. ctave to the detector
also provides & number of problems, Un-
doubtedly the most satisfactory for gen-
eral use is the inductive method. However,
each will will be discussed <o that the read-
er has a clear picture of just what they con-
sist of.

In Fig. 6, we have the original methad
which was used munv yveuars apo; the <o-
called tuned impedunce coupling. 'he tuned
circuit between the detector and R.F. stave
is connected in the plate circuit of the R.I°.
stage. And in this case, the arid-leak must
be connected between the grid and the “R”
negative for best results This method, of
course, does not provide a good match be-

mum  efliciency over the  entire tuning
range of that particular grid coil. The con-
nections of & conl of this type, having three
windings, all wound in the same direction,
will he identical to those shown in Fig. 3,
with the addition of the connection for the
plate coil, which are exactly as indicated
in the diagram. The top of this coil is con-
nected to the plate, ie, the terminal neas-
est the grid end of the grid coil, and the
other terminal of the plate coil is con-
nected to the “B” plus.

Coupling Detector to Audio Stage
Coupling the plate circuit of the detectwn
for un audio stupge may be done either with
a transformer or through the use of resist-
ance and condensers. In Fig. 9, we have



Radio Ameteur Course

the resistance-capacity coupling, which is
usually employed with pentodes For
trindes, such as the 56 ior example, or some
battery-operated triode, then resistor “R1”
and “R2" would be replaced respectively bv
the primary and <econdary of a trans-
former and condenser “C3" would be elnn-
inated In many cases where additional
audio amplification may bhe decirable with
pentodes, resistor “R1” may he replaced hv
a high-impedance choke voil; one having
an inductance from 300 to 700 henries is
entirely satisfactory. It may also be found
necessary to connect a 14 meg. resistor
across the A F. choke in order to stabilize
the circuit.

Resistance coupling, as shown in Fig. 9,
may be used for triodes as well as pen-
todes In this case, “R1" would be anv-
where from 50,000 to 100,000 ohms. 250,000
ohms is the proper value for screen-grid
pentode tubes such as the 57 and 58.

The audio amplification of a simple re-
ceiver offers no problem whatsoever. Here
an indirectly heated cathode type tube 1is
nsed. DIbias is usually obtained by in<erting
a resistor in series with the cathode, by-
passing 1t with a high capacity low voltage
condenser; in the diagram these are indi-
cated at “C1" and “R3"” The resistor, “R3.”

47

will depend in size upon the type tube used
Condenser “C4” should have a capacity of
from 5 to 25 mf Electrolytics having a
working voltage of around 50 volts are
entirelv satisfactory.

The RF filter circuit shown i Fig 9,
consicting of RF C, Cl, and C2, is really
necessary for stable operation The capa-
city of “C1” should be ahout 0001 mf, while
that of “C2” is ahout 0005 mf., for the gen-
eral short-wave bands from 45 to 200
meters.

In Fig 10, we have endeavored to incor-
porate all the varinus features mentioned
in this discussion into a 3-tube receiver,
consisting of a pentode, R.F. amphfier,
pentnde detector, and triode audio amplhifier
In tuned R F circuits of this type, shielding
is necessarv as indicated in the diagram
This should separate the two stages com-
pletely.

The mput to the R F. stage 1s also in-
ductive and when a doublet 1s used the
dotted connection between the antenna
coupling coil and the ground or “B” nega-
tive 1s not made This connection is only
made when an antenna and ground com-
bination such as the Marconi antenna 1s
nsed.
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CHAPTER 12

POPULAR

SUPERHETERODYNE

CIRCUITS

® IN this chapter we will continue the re

ceiver discussion. In our last chapter we
took into consideration the simple receivers
such as the regenerative detector, with and
without the R.F. (radio frequency) stage.
In this lesson we will cover some of the
important points concerning superhetero-
dynes. Of course, there is no end to the
technicalities involved in designing super-
heterodynes. However, the average short
wave “Fan” and amateur is not interetsed
in detailed technicalities. For instance, the
average amateur or “Fan” would not be in
terested in the technicalities of the con-
verter diagram shown in Fig. 1. It will do
him very little good to know the ratios of
oscillator output voltage to grid bias and
signal in the detector circuit, when in nine
cases out of ten he would not be equipped
to make the delicate measurements neces-
sary. Therefore, we will cover the standard
methods of frequency conversion in so far
as practical tube combinations and circuit
values are concerned.

Pentode Power-Detector and FElectron-

Coupled Oscillator

In Fig. 1, we have the pentode power-de-
tector and the pentode electron-coupled oscil-
lator. In this circuit the output of the oscil-
lator is coupled to the suppressor grid of the
detector. This is known as supressor grid in-
jection. This arrangement works out re-
markably well because the tuned circuits
are entirely independent of the coupling ar-
rangement. Isolation is accomplished by the
screening (shielding) of the two tubes. It is
in this circuit combination that a minimum
of pulling takes place. For instance, the
strength of the incoming signals and the
adjustment of the detector circuit will have
practically no effect upon the oscillator
tuning which, of course, results in excellent
stability. 1f regeneration is to be used in the
first detector circuit in order to improve

the sensitivity and selectivity without adding
R.F. preamplifiers, this coupling is the one
to use. Of course, without regeneration it
would be advisable to employ at least one
and preferably two tuned R.F. stages ahead
of the pentode detector in order to bring
up the sensitivity and reduce image re-
sponse.

Adding R.F. stages to the front end of a
superheterodyne also results in lower-over-
all set noises, and gzenerally provides a bet-
ter signal-to-outside noise ratio.

Getting the Circuits to “Track”

One of the most difficult problems in a
superhet construction is getting the two
tuned circuits to track. The oscillator is
tuned to a frequency equal to the I.F. fre-
quency higher than the first detector. This
means that if we use 465 kc. as the inter-
mediate frequency the oscillator will be
tuned 465 kc. higher than the frequency of
the first detector, which is the signal fre-
quency. This can be accomplished by the
use of properly proportioned inductances
and the use of padding condensers. In the
diagrams we have shown a condenser in
series with the oscillator tuning condenser.
This condenser is marked “X.” Also, we
have a condenser across the entire coil.
In the diagram 1, this is marked “T,” and
there is one in the detector circuit also. For
general use in short-wave receivers where
trimmers (“T” 140 mmf. bandsetters are
used and mounted on the panel, condenser
“X" should have a capacity of between .001
and .002 mf. By properly adjusting the coils
of the oscillator circuit nearly perfect
tracking may be maintained between the
two stages. We are considering, of course,
that the twe tuning condensers “‘C" (usu-
ally 35 mmf.) are small in capacity and the
two trimmers “T” are fairly large, the
usual band-spread and band-setting con-
denser combination.

\ i f
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The high frequency coils, for instance,
tuning around 14 to 15 megacycles will be
identical in construction. The padding con-
denser “X” will easily take care of the dif-
ference. However, in coils tuning around 7
megacycles it will be necessary to use
slightly less turns on the oscillator coil; of
course, if we go lower in frequency or
around 3.5 mc., it will be necessary to have
a greater difference between the number of
turns in the oscillator and detector coils.

Use of “Dual Purpose’ Tube for Detector

and Oscillator

In Fig. 1 we have used two separate
tubes for converting the frequency. In Iig.
2 we have the 6A7 or 2A7 pentagrid con-
verter. This tube was designed to function
both as the first detector and oscillator.
Mixing is accomplished electronically within
the tube. Although this arrangement is as
sensitive as that shown in Fig. 1, experi-
ences have shown that there is consider-
able reaction between the tuned circuits.
Tuning the detector circuit has a noticeable
effect upon the oscillator.

The main advantage, of course, is the
elimination of the extra tube. However,
considering performances, especially on the
short waves, one prefers the additional
tube.

A New “Mixer” Tube for Superhets

Tube engineers have been working to ini-
prove the conversion efficiency of the super-
heterodyne, and the result has been the in-
troduction of the new 6L7, which is espe-
cially designed for use as a mixer tube. Here
we have a tube provided with an extra grid
solely for the purpose of introducing the
oscillator signal into the detector stage.
This tube may also be used in a number of
other circuit arrangements, but so far it
proved the most satisfactory as shown in
Fig. 3. This tube provides remarkable effi-
ciency, especially at the higher frequencies
and reaction between the two stages has
been reduced considerably over other cir-
cuits. Of course, both of the diagrams in
Fig. 2 and 3, as well as in Fig. 1, require
the addition of R.F. stages ahead of the
detector although, as we said before in
Fig. 1, regeneration may be introduced con-
veniently in the detector circuit to partly
offset the need of tuned R.F. stages.

The intermediate frequency amplifier of
the superhet presents no problem at all if
care is used in the layout of parts. Most
cxperimenters who have encountered
trouble such as due to feecdback or regen-
eration in ILF. amplifiers can blame it, in

nearly all cases, to crowding, improper use
of by-pass condensers, or carelessness in
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of band-spread when “C1" is 140 mmi., *C2"
sh.ould be around 20 to 35 mmf, However,
with this arrangement the degree of band-
spread is not the same for diflerent settings
of “CI”. In other words, the bhand-sproad
is considerably greater when “Cl” (the
band-setting condenser) is at maximum cu-
pacity than it is when “C-1" is at minimun.,
This can be overcome with the arrange
ment shown in Fig. 5. Here we have “C-17
the regular band-setting control, and “C2”
the band-spread unit, with another Farpe
condenser similar to “C1” in scries with it
This condenser is “C-3". By proper adjust-
ment of “C3” and “C1”, exuctly the same
amount of band-spread may bhe obtained at
any point of the entire tuning range of the
circuit. FFor great band-spread, “C3” will
have a small amount of capacity and for a
small amount of band-spread, “C3” will be
increased in capacity. This undoubtedly is
the most satisfactory method of the two,
if & constunt band-spread ratio is 1o be mnamn
tained.

Quitpul

_I .P

Above—we have the audio coupling arrangement used in the

tween the two tubes, and is usually fairly
broad m response when the detector is in
the nou-osallutimg condition, In this case,
the tunming condenser rotor and stator both
lhave high-voltage applied to them and must
be insulated from the metal panel, shiould
one bhe used, T IKg. 7, we have another via-
ricty of the swme idea. However, in this
case, we hinve mecorporated the tuning con-
denser and coil in the grid circuit i the
vsual manner, and the plate of the R F, tube
is conpled through a condenser directly to
the piid of the detector. Voltage is fed to
the plate through an R.F. choke coil. For
general short-wave reception, this usually
consists of the conventional 2% mh. choke.

In IFig, 8 we have the latest and most
popular and, undoubtedly, the most efficient
method of coupling an RUF. stage to the de-
tector or to provide coupling, for that mat-
ter, between any two tubes, lere we have
the plate coil usually interwound with the
srid coil and the inductance of the plate
cuil is usually proportioned to provide max-
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receiver, together with a complete working model diagram, embodying the various
features discussed in this lesson.

Coupling R. F. Stage 1o Detector

Coupling the R. F. stage to the detector
also provides a number of problems. Un-
doubtedly the most satisfactory for gen-
eral use is the inductive method. However,
each will will be discussed so that the read-
er has a clear picture of just what they con-
sist of.

In Fig. 6, we have the original method
which was used many vears ago; the so-
called tuned impedance coupling. The tuned
circuit between the detector and R.F. stage
is connected in the plate circuit of the R.F.
stage. And in this case, the grid-leak must
be connected between the grid and the “RB”
negative for best results. This method, of
course, does not provide a good match be-

mum  efficiency over the entire tuning
range of that particular grid coil. The con-
nections of a coil of this tvpe, having three
windings, all wound in the same direction,
will be identical to those shown in Fig. 3,
with the addition of the connection for the
plate coil, which are exactly as indicated
in the diagram. The top of this coil is con-
nected to the plate, i.e, the terminal near-
est the grid end of the grid coil, and the
other terminal of the plate coil is con-
nected to the “B” plus.

Coupling Detector 10 Audio Stage
Coupling the plate circuit of the detector
for an audio stage may be done either with
a transformer or through the use of resist-
ance and condensers. In Fig. 9, we have
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the resistance-capacity coupling, which 1s
usually employed with pentodes For
triodes, such as the 56 ior example, or so>me
battery-operated triode, then resistor “RI”
and “R2” would he replaced respectively by
the primary and <econdary of a trans-
former and condenser “C3" would he elin-
inated In many cases where additional
audio amplification may he decirahle with
pentodes, resistor “R1” may be replaced by
a high-impedance choke (oi1l; one having
an inductance from 300 to 700 henries is
entirely satisfactory It may also be found
necessary tn connect a Y4 meg. resistor
across the A F choke in order to stabilize
the circut

Resistance coupling as shown in Fig 9
may he used for triodes as well as pen-
todes In this case, “R1” would he anv-
where from 50,000 to 100,000 ohms 250,000
ohms 1s the proper value for screen-grid
pentode tubes such as the 57 and 58

The audio amplification of a simple re-
ceiver offers no problern whatsoever lHere
an indirectly heated cathiode type tube 1s
used Pias 1s usually ohtained by inserting
a resistor 1n series with the cathode, by-
passing 1t with a high capacity low voltage
condencer, 1n the diagram these are indi-
cated at “C4" and “R3” The resistor, “R3.”

will depend in <i/e upon the type tuhe used
Condenser ‘C+’ should have a capacity of
from 5 to 25 mf Electrolytics having a

working voltage of around 50 volts are
entirely satisfactory
FThe RT filter ciremt shown in Fir 9

consicting of R € Cl, and C2, is really
necessary for stalile operation The capa-
city of “Cl1 should he about 0001 mf, while
that of “C2” 1s ahout 0005 mf, for the gen-

eral short-wave bhands from 45 to 200
meters
In Fig 10 we have endeavored to incor-

porate all the various features mentioned
in this discussinn a J-tube receiwver
consisting of a pentode. R F amphfier,
pentnde detector, and trinde audio amphifier
In tuned R F circuits of this type shielding
is necessary as indicated 1n the diagram
This should <eparate the two sta_es com
pletely

[he

mnto

input to the R 1 stage 1s alsa n
ductive and when a doublet 15 used the
dotted connection between the antenna
coupling coil and the ground or “B” nega-
tive 15 not made This connection 1s only
made when an antenna and ground com
bination such as the Marcont antenna s

nsed
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CIRCUITS

® IN this chapter we will coutinue the re

ceiver discussion. In our last chapter we
took into consideration the simple receivers
such as the regencrative detector, with and
without the R.F. (radio frequency) stage.
In this lesson we will cover some of the
important points concerning superhetero-
dynes. Of course, there is no end to the
technicalities involved in designing super
heterodynes. However, the average short
wave “Fan” and amateur is not interetsed
in detailed technicalities. For instance, the
average amateur or “Fan’” would not be in
terested in the technicalities of the con
verter diagram shown in Fig. 1. It will do
him very little good to know the ratios of
oscillator output voltage to grid bias and
signal in the detector circuit, when in nine
cases out of ten he would not be equipped
to make the delicate measurements neces-
sary. Therefore, we will cover the standard
methods of frequency conversion in so far
as practical tube combinations and circuit
values are concerned.

Pentode FPower-Detector and Electron-

Coupled Oscillator

In Fig. 1, we have the pentode power-de-
tector and the pentode electron-coupled oscil-
lator. In this circuit the output of the oscil-
lator is coupled to the suppressor grid of the
detector. This 1s known as supressor grid in-
jection. This arrangement works out re-
markably well because the tuned circuits
are entirely independent of the coupling ar-
rangement. Isolation is accomplished by ¢he
screening (shielding) of the two tubes. It is
in this circuit combination that a minimum
of pulling takes place. For instance, the
strength of the incoming signals and the
adjustment of the detector circuit will have
practically no effect upon the oscillator
tuning which, of course, results in excellent
stability. If regeneration is to be used in the
first detector circuit in order to improve

the sensitivity and selectivity without adding
R.IF. preamplifiers, this coupling is the one
to use. Of course, without regeneration it
vould be advisable to employ at least one
and preferably two tuned R.F. stages ahead
of the pentode detector in order to bring
up the sensitivity and reduce image re.
sponse

Adding R.F. stages to the front end of a
uperheterodyne also results in lower-over
all set noises, and generally provides a bet
ter signal-to-outside noise ratio.

Cetting the Circuits 10 “Track”

One of the most difficult problems in a
superhet construction is getting the two
tuned circuits to track. The oscillator is
tuned to a frequency equal to the L. F. fre-
quency ligher than the first detector. This
means that if we use 465 kc. as the inter-
mediate frequency the oscillator will be
tuned 465 kc. higher than the frequency of
the first detector, which is the signal fre-
quency. This can be accomplished by the
use of properly proportioned inductances
and the use of padding condensers. In the
diagrams we have shown a condenser in
series with the oscillator tuning condenser.
This condenser is marked “X.” Also, we
have a condenser across the eatire coil
In the diagram 1, this is marked “T,” and
there is one in the detector circuit also. For
general use in short-wave receivers where
trimmers (“T” 140 mmf. bandsetters are
used and mounted on the panel, condenser
“X" should have a capacity of between .00]
and .002 mf. By properly adjusting the coils
of the oscillator circuit nearly perfect
tracking may be maintained between the
two stages. We are considering, of course,
that the twe tuning condensers “C” (usu-
ally 35 mmf.) are small in capacity and the
two trimmers “T"” are fairly large, the
usual band-spread and band-setting con
denser combination.
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The high frequency coils, for instance,
tuning around 14 to 15 megacycles will be
identical in construction. The padding con-
denser “X” will easily take care of the dif-
ference. However, in coils tuning around 7
megacycles it will be necessary to use
slightly less turns on the oscillator coil; of
course, if we go lower in frequency or
around 3.5 mc., it will be necessary to have
a greater difference between the number of
turns in the oscillator and detector coils.

Use of “Dual Purpose’ Tube for Detector

and Oscillator

In Fig. 1 we have used two separate
tubes for converting the frequency. In Fig.
2 we have the 6A7 or 2A7 pentagrid con-
verter. This tube was designed to function
both as the first detector and oscillator.
Mixing is accomplished electronically within
the tube. Although this arrangement is as
sensitive as that shown in Fig. 1, experi-
ences have shown that there is consider-
able reaction between the tuned circuits.
Tuning the detector circuit has a noticeable
effect upon the oscillator.

The main advantage, of course, is the
elimination of the extra tube. However,
considering performances, especially on the
short waves, one prefers the additional
tube.

A New “Mixer” Tube for Superhets

Tube engineers have been working to im-
prove the conversion efficiency of the super-
heterodyne, and the result has been the in-
troduction of the new 6L7, which is espe-
cially designed for use as a mixer tube. Here
we have a tube provided with an extra grid
solely for the purpose of introducing the
oscillator signal into the detector stage.
This tube may also be used in a number of
other circuit arrangements, but so far it
proved the most satisfactory as shown in
Fig. 3. This tube provides remarkable effi-
ciency, especially at the higher frequencies
and reaction between the two stages has
been reduced considerably over other cir-
cuits. Of course, both of the diagrams in
Fig. 2 and 3, as well as in Fig. 1, require
the addition of R.F. stages ahead of the
detector although, as we said before in
Fig. 1, regeneration may be introduced con-
veniently in the detector circuit to partly
offset the need of tuned R.F. stages.

The intermediate frequency amplifier of
the superhet presents no problem at all if
care is used in the layout of parts. Most
experimenters who  have encountered
trouble such as due to fecdback or regen-
eration in I.F. amplifiers can blame it, in

nearly all cases, to crowding, improper use
of by-pass condensers, or carelessness in
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® IN this chapter we will continue the re

ceiver discussion. In our last chapter we
took into consideration the simple receivers
such as the regenerative detector, with and
without the R.F. (radio frequency) stage.
In this lesson we will cover some of the
important points concerning superhetero.
dynes. Of course, there is no end to the
technicalities involved in designing super
heterodynes. However, the average short
wave “Fan” and amateur is not interetsed
in detailed technicalities. For instance, the
average amateur or “Fan” would not be in
terested in the technicalities of the con-
verter diagram shown in Fig. 1. It will do
him very little good to know the ratios of
oscillator output voltage to grid bias and
signal in the detector circuit, when in nine
cases out of ten he would not be equipped
to make the delicate measurements neces
sary. Therefore, we will cover the standard
methods of frequency conversion in so far
as practical tube combinations and circuit
values are concerned.

Pentode Power-Dietector and ilectron-
Coupled Oscillator

In Fig. 1, we have the pentode power-de-
tector and the pentode electron-coupled oscil-
lator. In this circuit the output of the oscil-
lator is coupled to the suppressor grid of the
detector. This 1s known as supressor grid in-
jection. This arrangement works out re-
markably well because the tuned circuits
are entirely independent of the coupling ar-
rangement. Isolation is accomplished by the
screening (shielding) of the two tubes. It is
in this circuit combination that a minimum
of pulling takes place. For instance, the
strength of the incoming signals and the
adjustment of the detector circuit will have
practically no effect upon the oscillator
tuning which, of course, results in excellent
stability. 1f regeneration is to be used in the
first detector circuit in order to improve

the sensitivity and selectivity without adding
R.F. preamplifiers, this coupling is the one
to use. Of course, without regeneration it
would be advisable to employ at least one
and preferably two tuned R.F. stages ahead
of the pentode detector in order to bring

up the sensitivity and reduce image re-
sponse
Adding R F. stages to the front end of a

superheterodyne also results in lower-over
all set noises, and generally provides a bet
ter signal-to-outside noise ratio.

Cetting the Circuits to “I'rack”

One of the most difficult problems in a
superhet construction is getting the two
tuned circuits to track. The oscillator is
tuned to a frequency equal to the LF. fre
quency ligher than the first detector. This
means that if we use 465 kc. as the inter-
mediate frequency the oscillator will be
tuned 465 kc. higher than the frequency of
the first detector, which is the signal fre-
quency. This can be accomplished by the
use of properly proportioned inductances
and the use of padding condensers. In the
diagrams we have shown a condenser in
series with the oscillator tuning condenser.
This condenser is marked “X.” Also, we
have a condenser across the entire coil
In the diagram 1, this is marked “T,” and
there is one in the detector circuit also. For
general use in short-wave receivers where
trimmers (“T” 140 mmf. bandsetters are
used and mounted on the panel, condenser
“X" should have a capacity of between .00l
and .002 mf By properly adjusting the coils
of the oscillator circuit nearly perfect
tracking may be maintained between the
two stages. We are considering, of course,
that the two tuning condensers “C” (usu-
ally 35 mmf.) are small in capacity and the
two trimmers “T" are fairly large, the
usual band-spread and band-setting con
denser combination.
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The high frequency coils, for instance,
tuning around 14 to 15 megacycles wili be
identical in construction. The padding con-
denser “X” will easily take care of the dif-
ference. However, in coils tuning around 7
megacycles it will be necessary to use
slightly less turns on the oscillator coil; of
course, if we go lower in frequency or
around 3.5 mc., it will be necessary to have
a greater difference between the number of
turns in the oscillator and dctector coils.

Use of “Dual Purpose” Tube for Dectector

and Oscillator

In Fig. 1 we have used two separate
tubes for converting the frequency. In Fig.
2 we have the 6A7 or 2A7 pentagrid con-
verter. This tube was designed to function
both as the first detector and oscillator.
Mixing is accomplished electronically within
the tube. Although this arrangement is as
sensitive as that shown in Fig. 1, experi-
ences have shown that there is consider-
able reaction between the tuned circuits.
Tuning the detector circuit has a noticeable
effect upon the oscillator.

The main advantage, of course, is the
elimination of the extra tube. However,
considering performances, especially on the
short waves, one prefers the additional
tube.

A New “Mixer” Tube for Superhets

Tube engineers have been working to im-
prove the conversion efficiency of the super-
heterodyne, and the result has been the in-
troduction of the new 6L7, which is espe-
cially designed for use as a mixer tube. Here
we have a tube provided with an extra grid
solely for the purpose of introducing the
oscillator signal into the detector stage.
This tube may also be used in a number of
other circuit arrangements, but so far it
proved the most satisfactory as shown in
Fig. 3. This tube provides remarkable effi-
ciency, especially at the higher frequencies
and reaction between the two stages has
been reduced considerably over other cir-
cuits. Of course, both of the diagrams in
Fig. 2 and 3, as well as in Fig. 1, require
the addition of R.F. stages ahead of the
detector although, as we said before in
Fig. 1, regeneration may be introduced con-
veniently in the detector circuit to partly
offset the need of tuned R.F. stages.

The intermediate frequency amplifier of
the superhet presents no problem at all if
care is used in the layout of parts. Most
experimenters who have encountered
trouble such as due to feedback or regen-
eration in I.F. amplifiers can blame it, in
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nearly all cases, to crowding, improper use
of by-pass condensers, or carelessness in
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placing the wire of the grid and plate cir-
cuits,
Beat Oscillator—Its Purpose

In Fig. 4 we have a two-stage 1.F. anipli-
fier, the second detector and the heat fre-
quency oscillator. The beat oscillator, of
course, is necessary for continuous wave
(CW) reception, as we must have somne
means of bringing about an audible tone
from a pure unmodulated carrier. No audio
amplifier is shown in this diagram, how-
ever, a single 3A5 or 3 watt pentode of any
design will provide sufficient audio ampli-
fication. Coupling between the Dbeat fre-
quency oscillator (B.F.0.) and the second
detector is accomplished through the sup-
pressor of the detector, the same as was
done in the original diagram in Fig. 1. This
provides an excellent method of coupling
the beat oscillator to the second detector.
However, the power output of the B.F.O.
must be greater with this system than if it
were coupled to the grid circuit of the se-
cond detector or the second I.F. amplifier.
Coupling to the L.F. amplifier or grid cir-
cuit of the detector allows a greater chance
of running into difficulties than the method
shown. For instance, coupling to a grid cir-
cuit we may have the tube, to which the
oscillator is coupled, considerably over-
loaded due to the output of the oscillator
driving the grid positive. In many commer-
cial receivers coupling is accomplished
merely by running a wire from the tuned
circuit of the beat oscillator near a giid
wire. Should the distance between the two
or the couplings change appreciably, a con-
siderable change in results would be no-
ticed. If the coupling becomes too gieat
the entire amplifier may “go dead,” in so
far as the incoming signal is concerned, be-
cause of the fact that it is already over-
loaded by the signal generated by the

B.F.O. In reality there would be an optim-
um coupling for each value of signal going
through the amplifier which we wish ta
heterodyne. The best that can be hoped for
is a “happy medium” adjustment.

We suggest that the experimenter be
very carcful in using the above mentioned
methods, and wherever possible avoid them

The amplifier shown in Fig. 4 is equipped
with automatic volume coutrol, which is
more or less essential for phone reception,
but does not work out to advantage with
code. In Fig. 5, we have shown how auto-
matic volume control (A.V.C.) may be in-
corporated in a receiver of similar design.
Here we have used a duo-diode triode as the
second detector and first stage of audio
amplification. In the second detector cir-
cuit, we rectify a portion of the incoming
signal and feed it back to the grids of the
LE. amplifiers in the form of negative bias,
which cuts down the gain of the receiver. In
this manner, a strong signal will allow a
large amount of negative bias to be applied
to the grids thus cutting the gain of the re-
ceiver to a further degree than would a
weaker signal. In this respect we obtain a
fairly constant signal level. In this second
detector circuit it is necessary to couple the
oscillator to one of the diode leads. Here
we must be very careful, because excessive
coupling would, when the switch was in the
A.V.C. position, reduce the gain of the re-
ceiver the same as would a strong signal
or station. It is not so critical in the C.W
position, that is, when the A.V.C. switch is
in the off position. But, at the same time,
considerable cut and try will be necessary
in order to bring about an optimum in
coupling. The diode second detector, of
course, cuts down the gain of the regeiver
considerably. In the 57 we had quite a gain,
while in the diode there is actually a loss.
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CHAPTER 13

ULTRA-HIGH FREQUENCY RECEIVERS

—FOR 5 METER AMATEUR BAND

® THERE is probably nothing so fascin-

ating in the radio field as experimenting
on the ultra high frequencies. In this field
lies the future of radio and a great oppor-
tunity for all ambitious experimenters. In
this lesson we will deal with the more or
less standard super-regenerative receivers,
which have become the most important part
of ultra high frequency reception. The
super-regenerator is capable of excellent
sensitivity and is probably, without doubt.
the most sensitive simple receiver which
ever was or will be devised. This does not

In this unstable condition a fairly weak
signal will cause the detector to commence
oscillating, and these will continue to build
up to an amplitude permitted by the tube
constants. However, the receiver cannot re-
produce the signal because after the oscil-
lations once start they would not cease.
Therefore the interruption frequency oscil-
lator is employed to stop the detector from
oscillating at intervals, which depend upon
the frequency of this interrupting oscillator.
It is assumed that on the upward swing a
signal is built up along with osciliations,
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Super-regenerator using a separate quenching oscillator. together with diagram of a

battery operated 5-meter receiver.

mean, though, that time will not change
the method of reception of ultra high fre-
quency signals, but for the time being the
most interesting and most popular receiver
is the super-regenerator,

Reviewing what we have already learned
about regenerative detectors and bearing this
in mind, we may easily understand the
simple functions of the super-regenerator.
A regenerative detector is one wherein a
signal is built up by regeneration to a point,
where, if we employ further regeneration—
the tube will break into sustained opera-
tion oscillation,

but this procedute is halted before the self-
oscillations reach a value comparable with
the signal.

This same action can also be obtained
without the use of the low frequency oscil-
lator. The single tube can be made to oscil-
late at two frequencies; one the signal fre-
quency, and the other of super-audible fre-
quency in the neighborhood of 15 to 50
kc. The best all-around frequency for the
quenching oscillation has been found to be
from 15 to 25 kc.

The selectivity of the super-regenerator
is also governed by the interruption fre-




52

quency. As the interruption frequency be-
comes higher, the receiver becomes broader
or more unselective. Therefore, the lowest
possible frequency commensurate with
good quality reproduction is desirable.

In Fig. 1 we have either a tetrode or pen-
tode detector. In the case of the pentode
the suppressor is connected to the screen-
grid; either will give the same results. How-
ever, the 954 Acorn tube, especially de-
signed for ultra high frequencies, is pre-
ferable when operating the receiver at fre-
quencies higher than 60 meg. At 5 meters
or 56 megs. it is defficult to notice the dif-
ference between the signal sensitivity of
the 954 and the usual tetrode or pentode.
It will be noticed, though, that the con-
ventional receiving tubes such as the 6C6
or the 57 will give greater volume, and in
this respect, it may be somewhat superior
inasmuch as less audio frequency amplifica-
tion is needed. Of course, this is only true
in cases of a super-regenerator detector.
In an R.F. amplifier circuit the 954 would
be far superior to the other tubes. In the
circuit in Fig. 1, the screen is modulated by
connecting it in parallel with the plate cir-
cuit of the interruption frequency oscillator.
The voltage to the screen is variable
through the use of a variable resistor, in-
dependent of the oscillator plate voltage.
It is advisable to also adjust the voltage
applied to the oscillator plate for maximum
sensitivity and best super-regeneration ac-
tion of the detector.

It will be found that the voltage fed to
the LF. oscillator is quite critical inasmuch
as with high voltage on the oscillator we
will have tremendous distortion in the sig-
nal and with very low voltage on the oscil-
lator we are liable to have repeat spots,
that is, the station may appear at several
points on the dial very close together, As
we said before, there is just one value of
plate voltage which gives the cleanest re-
generative action in the detector circuit.
We should also make sure that the detector
is not super-regenerating by itself, that is,
that it is not self-quenching along with the
applied voltage of the L.F. oscillator. This
can be determined by noting the smooth-
ness of the regeneration control in the de-
tector screen circui. This should be very
smooth in operation and the hiss of the de-
tector should appear gradually as the re-
sistance in the control is decreased. I+
should not plop into oscillation.

One cause of poor operation in a super-
regenerator circuit of the type shown in

Radio Amateur Course

Fig. 1 may be found in the L.F. oscillator
circuit. Usually the detector, if the tube
is o.k.,, will function properly. There are
two types of L.F. or low frequency oscil-
lator coils available on the market; one is
the shielded and the other is the unshielded
type. It has been found that some of the
shielded type introduces a loss in the oscil-
lator circuit, sufficient to cause the neces-
sity of high plate voltage in order to make
the oscillator function. In turn, this raises
the voltage to the screen above the point
where there is not enough resistance in the
50,000-ohm control to bring the detector
out of oscillation. The unshielded low fre-
quency coils, however, work perfectly. Re-
gardless of the type of oscillator coil used.
make sure that it is possible to bring the
detector out of oscillation smoothly with
the regeneration control “R.”
Low-Frequency Oscillator Coils

There seems to be no set standard for
the value of inductance used in the low-
frequency oscillator coils. Therefore, we
have shown a capacity of .002 to .004 mf.
in the grid circuit across the grid coil. This
condenser is used to lower the frequency
of the LF. oscillator and its capacity will
depend upon the original design of the coil.
In any event, place sufficient capacity across
this to bring the LF. oscillations down to
around 20 kc. A good method to follow is
to connect a number of .001 mf. conden-
sers across this secondary, bringing the
oscillator into the audible range, so that a
very high pitched whistle is heard; then re-
move one condenser at a time, until this
whistle becomes inaudible to the ear. Ad-
justing the low frequency oscillator and its
plate voltage is quite important, contrary
to popular belief. With excessive voltage on
the plate of the oscillator, it may take on
“R8” signal to make 2 “sizeable” dent in
the rush of the super-regenerator, where
with the proper value, that is a voltage just
in excess of the amount that causes repeat
spots to appear, will permit even a very
weak signal to cause an appreciable “dent”
in the characteristic rushing sound of the
Super-regenerator. In the output circuit of
the super-regenerative detector, we find
indicated a 75 to 100 mh, R.F. choke by-
passed with two .002 mf. condensers. The-
oretically, this choke should be relatively
large. However, actual practice has proven
that the usual 214 mh. R.F. choke is entirely
satisfactory. The idea of this filter is to
keep the low frequency oscillations out nf
the A.F. amplifier grid circuit.
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Battery-type Receiver

In Fig. 2, we find a self-quenching battery -
type, 5-meter receiver, which is generally
accepted as a good design for portable
equipment. This uses a split-coil circuit and
sufficient feed-back is employed to cause
celf-quenching in the detector circuit. The
frequency of this “quench” is governed
largely by the amount of feed-hack, the
size of the grid-leak, and the size of the
grid condenser. The values given in the dia-
gram are generally found satisfactory.

In Fig. 3 we have what is probably the
most “papular” of all super-regenerative
receivers, This is a self-quenching triode-
detector with the pentode audio ampliher.
I'his was originally introduced in the No-
vember, 1934, issue of Short W ave Craft and
from 1t sprung a great number of receivers
of the <elf-quenching variety. When first
mmtroduaced, this receiver caused many un-
favorahle comments. The “old guard” ex
perts frowned unfavorably upon this me-
theod, but gradnally conceded that it is the
best simple arrangement aftcr all. It pos-
sesses many desirable quahitics inasmuch as
it 1s entirely self-regulating and when ad-
justed for the proper amonnt of feed hack,
it 15 an extremely sensitive affair; undoubt-
edly more sensitive than the usual run of
the older type separately quenched detect-
ors We here have used the cathode as an
active R.F, element by connecting it two
or three turns from the low potential end
of the grid coil. In adjusting this type of
detector, starting off with no plate voltage
and raising it gradually, we find that at one
point the detector will click into oscilla-
tion. And as the regeneration control 15 ad
vanced further, raising the plate voltage,
the detector will click again—this time into
super-regeneration. It is just at the point be-
yond the second state of oscillation, where
the detector 19 the most scnsitive tlere too
the 955 ultra lugh frequency tube may bhe
need, bt 1n 5 meters the conventional type,

such as the 37, 76, 6J5-G, or 56 will provide
a much stronger audio signal. With the 955
two stages of audio frequency amplication
would be necessary.

Tuned R. F. Stage Ahead of Detector

In Fig. 4 we have a more advanced re-
ceiver, employing a tuned R.F. stage ahead
of the super-regencrative dctector. The
main advantage in this case is in the elim-
ination of undesirable radiation of the de-
tector. Super-regenerative detectors emit a
strong equealing or modulated signal,
which will interfere with other receivers
located nearby, where only a detector is
used without R.F. ahead of it, the antenna
coupling should be loose; and also the tubes
should bhe operated with as low plate volt-
age as possible in order to limit this inter-
ference Aside from overcoming this evil,
the tuned R.F stage provides an appre-
ciable gain in sensitivity and makes the su-
per-regenerative detector more casy to
handle and smoother in operation. In the
diagram in Fig. 4 we show a pentode in the
R.IF. stage which may be of the convention-
al glass type, or of the newer metal type
tubes, or the Acorn 954 pentode. The 954
in this case is decidedly better than the
others, 1n so far as gain is concerned. The
detector and A.F. portions of this receiver
are identical to the one shown in Fig. 3
Inductive coupling is preferable between
the R.F. and detector stages. However, in
Fig. 4A, we show a method of coupling
through a capacity with shunt voltage fee(
to the plate of the R.F. amplifier. In thie
case the most effective coupling is brought
about by tapping on to the detector coil at
about the mid-point,

In each of the circuits we have shown
the antenna either tapped on to the grid
coil of the input stage, or through a coup-
ling coit However, if a doublet antenna 1s
used the coupling coil of course, is recom-
mended. However, for a single-wire an-
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A tuned R.F. stage added to the popular 5-meter receiver, thus inere

asing sensitivity

and eliminating radiation. Fig. 4.

tenna or one having a single-lead, tapping
the antenna on to the grid coil, near the
low potential end, is preferable to the olde:
method of tapping it directly on to the grid
side of the coil. The method shown in the
diagrams permits a greater variation in the
degree of coupling, without appreciably af-
fecting the calibration of the grid tuning
condenser. Tuning of the R.F. stage is
similar to all other receivers, as the R.F.
stages comes into resonance with the de-
tector stage, there will be a slight dip or
decrease in the rushing sound and it will
be necessary to advance the regeneration
control for proper results.

Type of Antenna
Nearly any type of antenna will work
with the 5-meter receiver. Aside from the
doublet, the most effective antenna has
been found to be a single eight foot wire
with a lead-in tapped directly on the
top. The lead-in should come directly

from the top of the antenna, at an angle
of approximately 45 degrees, and should
be no closer than this to the antenna proper.
The length of lead-in does not seem to he
important and tests have proven that sta-
tions which could not be heard on many
other antennas came in at an R5 and 6
strength with the one shown.,

In the tuned circuits of each receiver we
have shown a 15 mmf. condenser and have
given the sizes of the inductances, This
does not provide an appreciable amount of
band-spread and to increase this, remove
one or two plates from the 15 mmf. conden-
ser and add turns to the coil. The Acorn
tubes will require a greater number of
metal tubes. In each case the coil may be
adjusted by spreading or collapsing the
turns, in order to place the band well with-
in the range of the dial. This same method
is used for tracking the R.F. and detector
stages,
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CHAPTER 14

ADVANCED

ULTRA-HIGH

FREQUENCY RECEIVERS

® Previously we considcred the use of the

super-regenerative receiver for ultra high
frequency reception. While, as previously
explained, the superheterodyne has quali-
ties not found in any other set, it also has
certain disadvantages which may be rather
important under certain conditions. Event-
ually, the superhetcrodyne will be per-
fected for ultra high frequency use because
of its controllable selectivity and excep-
tional sensitivity.

In the early days of ultra high frequency
experiments, the broad supcr-generator was
desirable because of the type of transmit-
ting apparatus employed, such as modu-
lated oscillators. As time goes on, these
modulated oscillators will be dispensed
with, and the more stable MOPAs, with
and without crystal-control, will be uscd.
There are two good reasons why the trans-
mitter will change and is changing—and
they are: first—the ever-increasing number
of amateur stations operating in the met-
ropolitan areas, and the desire for better
quality signals. The average modulated
oscillator occupies a band width in the ultra
high frequency region of from 50 to 100
kc., and in many cases a considerably wider

band where the equipment is none too care-
fully constructed and operated.

The super-regenerator in most cases has
about the same band-width as the modu-
lated oscillator. Therefore, as the transmit-
ters are stabilized and held down to a band
of from 10 to 15 kc., immediately we need
a more selective receiver if we are to cope
with the ever-increasing number of sta-
tions. The answer to this, of course is the
super-heterodyne. The most popular super-
heterodyne for ultra high frequency recep-
tion at this writing is the well-known
resistance-coupled design in which the 1. F.
stages are resistance-coupled and the values
are chosen to permit a band width of from
10 to 100 kc. In time, even this receiver
will not be selective enough, although it
can be made considerably more selective
than the super-regenerator.

Resistance-Coupled Superhet

In Fig. 1, we have the resistance-coupled
I.F. superheterodyne, employing a stage of
tuned radio frequency, an autodyne first de-
tector, two stages of I. F. amplification, a
second detector, and a pentode audio ampli-
fier. Conversion in this receiver is accom-
plished by slightly de-tuning the detector
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A complete resistance-coupled ulira high frequency superheterodyne, suitable

for

“Ham" reception.
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from the signal frequency. I'hus, if we were
to assume that the I.F. was 50 ke., the first
detector would be detuned 50 ke, from the
signal frequency. This means that 50 ke.
either side of the resonant point will re-
ceive the station. We then have to allow a
band width of over 100 kc. for that station
because directly between the two beats we
hear the “carrier” of the station, the samec
as you would on an oscillating detector.
This carrier whistle 1s lLeard because the
amplifier stages, as well as the second de-
tector and audio stages, are operating as
straight audio frequency amplifier. The R.F.
stage is not entirely necessary and may be
dispensed with and the antenna connected
to the cathode tap on the coil through a
15 mmf. variable condenser. The R.F. stage
helps somewhat in working duplex and also
increases the senmsitivity slightly when the
regular glass type tubes are used, and a
considerable increase in sensitivity is
brought about through the use of the Acorn
pentode 954. The best arrangement, of
course, would be to use 95¥'s or 956's in
both the R.F. and detector stages.

The “Converter”

With the increasing number of stabilized
transmitters, one’s thought naturally turns
to the converter, which may be connected
before the regular superheterodyne re-
ceiver. This makes an excellent combina-
tion when a sensitive receiver and conver-
ter are employed. Of course, the sensitiv-
ity of such a combination is far beyond the
amount which can be used, because of the
relatively high background noise in tle av-
erage metropolitan location. A converter
combination which works out very nicely
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¥ 100 /
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A converter circnit for ultra high fre-
queney reception, using metal tubes.

is shown in Fig. 2 and consists of a 6A8
metal tube pentagrid and a 6C5 triode. The
6A8 is used as the first detector and grid
number 1 is used for injecting the oscillator
voltage supplied by the 6CS5 oscillator. It
has been found that by applying the proper
screen voltage to the 6A8 and using very
loose antenna coupling, considerable re-
generation will come about in this circuit
and for this rcason we have shown a po-
tentiometer for controlling the screen-grid
voltage. This converter works best with a
receiver tuned to a frequency of at least
2000 kec., and preferably higher. In choos-
ing this intermediate frequency, we have
to bear in mind harmonics of the oscilla-
tor in the superhet receiver with which the
converter is being used. The receiver should
be adjusted so that any harmonics would
fall out of the range desired to be covered
with a converter. Also, keceping the high
LF. frequency makes images a considerable
distance apart and less bothersome. This
particular converter in conjunction with an
I.LF. amplifier tuned to 8000 kec. gave mar-
velous results, and no image interfernce
was experienced because of the high se-
lectivity of the regenerative detector stage
and the wide separation in frequency of the
images.
Acorn Tube Converter for High Frequencics
In Fig. 3, we have a similar converter, ex-
cept that here the Acorn tubes are em-
ployed. The detector is a 954 Acorn triode.
Here regeneration is also employed to fur-
ther the degree sensitivity. The advantage
of the converter using the Acorn tubes, of
course, is that it may be operated at a muck
higher frequency than the one using the
metal tubes. These two converters are
shown for operation directly from the an-
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tenna, while the R.F. stage shown in FFig. 4,
may be employed with these converters it
is not entirely necessary, but will improve
sensitivity by a noticeable amount. A com-
plete high frequency 1.F. amplifier is shown
in Fig. 5 for those who want a somewhat
broader receiver, but one still not as broad
as the resistance-coupled affair shown in
Fig. 1.

The I.F. amplifier of Fig. 5 may be u-cd
in conjunction with either of the converters
<hown in Fig. 2 or 3. In this diagram we
have employed only two I.F. stages, while
some experimenters prefer three. However,
if carefully designed, two stages will be en-
tirely satisfactory. The I1.F. transformers
may be constructed the same as the con-
ventional I.F. transformers, i.c., the prim-
ary and secondary wound on the same forin
or spool, or each may be housed in separ-
ate compartments, and the only coupling
Lhetween the primary and secondary due to
the length of twisted pair which is indi-
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ANT

SAME AS GRID COIL
BUT | LESS TURN

TUNED TO FREQUEMNCY OF TRANS-
MITTFR WHILE WORKING DUPLE ¥

When working “duplex.”” the wave-trap
shown above should he tuned to your
own transmitter frequency. This will
practically eliminate acoustical feed-
back hetween speaker and mike.

cated above the [.F. transformers. Tn this
case, the primary would be housed in one
chield can with its associated tuning con-
Jdenser, and the secondary in another, with
a single turn coupled to cach coil and con-
nected by a link of twisted pair. Such an
amplifier, having a range of from approxi
mately 6000 to 8000 c. would require 1. F.
transformers consisting of 14 micro-henries
inductances and a 50 mmf. variable con-
denser connected across it. Each coil would
consist of 27 turns of No. 28 enamelled wire,
close wound on 34 inch dia. form.

With thie increasing activity in television
praduction on the nltra high frequencies. a
receiver of this type is sorely nceded. For
rreater selectivity, of course, the interme-
diate frequency should he lowered. If used
entirely for stabilized ultra high frequen-
cies transmitters of the phone or code va-
riety, an intermediate frequency of 2000 to
3000 kc. should be entirely satisfactory.

I.F. detector and A.F. circuita for an uhira high frequeney superheterodyne. For Tele-
vision and “Ham" reception the LE. frequency should be somewhere hetween 6000
and 8000 ke.
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CHAPTER 15

U. H. F. TRANSMITTERS

® IN this chapter of the Course we will

consider various types of ultra high
frequency transmitters, not including, of
course, the well-known transceiver. Funda-
mental circuits of the more important and
efficient transmitters are shown and will be
discussed.

In Fig. 1, we have the unity-coupled cir-
cuit using two triodes in push-pull. Either
two separate tubes may be employed or
the dual triode tubes, such as the 53, 6A6,
and others. For those desiring a compact
oscillator circuit of simplicity this one is
recommended. Its inherent stability is no
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the center of the copper tubing opposite
to the tubes the grid return lead is brought
out. In a sketch in Fig. 1 we have shown
just how this coil is constructed.

The antenna may be coupled to the plate
coil at points “A”, that is on either side of
the “B” plus lead, or another single-turn
“loop” the same as the plate coil may be
employed for antenna coupling.

In Fig. 2, we have the very popular long-
line oscillator, sometimes called a linear
oscillator. Here we have extended the tuned
circuits by employing two heavy copper
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Two very popular 5-meter MOPA’s: one

better than the usual tuned oscillator, al-
though it is more easily controlled and usu-
ally better results are obtained because no
critical adjustment of grid circuit tuning is
necessary.

The inductance consists of a fairly heavy
piece of copper tubing, through which a
finer insulated wire is run. The inside wire
is the grid coil, while the copper tubing is
in the plate circuit. It will be noticed that
the grid of one triode enters the coppe:
tubing at the plate end of the other triode
This is necessary to obtain a feed-back. In

uses type 89’s while the other uses type 61.6's

rods or pipes in each circuit. The tuning
is accomplished by sliding the bars marked
“S" either toward or away from the tubes,
making the circuits shorter or longer. As
they become shorter of course, they reson-
ate at a higher frequency. Theoretically,
these lines should be approximately 1
wavelength long, but due to the internal
capacities of the tubes and the inductance
of the tube leads and connecting leads from
the copper pipes to the tubes, the length of

the line will be somewhat shorter than Y
wavelength.
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For the special ultra high frequency tube,
such as the 800 or 304A and 304B, the lines
will be longer than if 210's or 801's are em-
ployed. A good length would hbe somewhere
around 46 inches. This would serve for any
type of tube in the 5-meter band. Best re-
sults have been obtained when the spacing
between the two rods is equal to the di-
ameter of one of the rods. In other words,
if 14 inch rods are used the spacing hetween
them would be 14 inch. Complete informa.
tion on this is shown in Fig. 2. When op-
erating on wavelengths shorter than S me
ters the lines of this system become uncom-
fortably short. In Fig. 3, we show the
open-end linc which theoretically at reson-
ance would be 14 wavelength long used in
conjunction with a single tube. Here, al<o,
the line will be somewhat shorter than V2
wavelength becauce of the losses introduced
by the tube. The “B” plus and the grid lead
are tapped on to the rods v wavelength
from the open end or the end opposite to
the tube. This is the point marked “X" in
the diagram and at which no R.F. voltage
will appear. This system works exception-
ally well on wavelengths as low as 14 me-
ters and exceptionally well on 2}z meters
with the average present-day tube.

Special tubes, such as the new WLE-316A
will give more satisfactory results, of
course, and may be employed in the push-pull
arrangement of the same circuit shown in
Iig. 4. While the oscillator circuits, already
explained and shown in the diagram, are
cfficient and have served the purposec for
the past four or five years, during which
the ultra high frequency region has been
most popular, they eventually will have to
he dispensed with and replaced by the more
modern type of transmitter, such as used
on the lower frequency amateur band.

The master-oscillator, power-amplifier
(MOPA), is unquestionably the most satis-
factory on frequencies as high as 60 mega-
cycles. However, as we approach higher
frequencies, the circuit become more un-
wieldly and very difhcult to manage. On
the S-meter (56 to 60 mc.) band, the MOPA
should be adopted by every “Ham™ who 1s
seriously interested in the betterment of
conditions now existing.

in Fig. 5 we have shown the MOPA
which uses the type 89 receiving tubes. One
is used as an oscillator in the tritet circuit
with its grid circuit tuned to 10 meters and
the plate circuit to 5. This 1s followed by
two RB9's ecmiployed as screen-grid amplifiers
in push-pull. This is very much superior to
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The simplest of all ultra-high frequency

transmitters is shown in Fig. 1. Figa. 2,

3 and 4 show “long lines” or linear
oscillator.

the previously described circuits inasmuch
while the amplifier is being modulated there
is no appreciable frequency shift, due to the
fact that there is considerable isolation be-
tween the actual signal generator and the
modulated amplifier. The amplifier being re
moved by 30 megacycles from the frequency
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A push-pull amplifier using 6L6’s for the 2-tube 616 MOPA.

of the oscillator accounts for its excellent
stability during modulation. While in the
previously explained circuit the oscillator
will change frequency as much as 100 ke.
during modulation.

In Fig. 6 we have the 6L6 Beam tube
used in the MOPA circuit. This is unques-
tionably the most superior arrangement up
to the time of this writing. Due to the con
struction of the tube excellent efficiency
may be obtained in the S5-meter band even
with a single-ended-amplifier. The circuit
lineup is essentially the same as the 89
transmitter shown in Fig. 5. The osciilator
is tuned to 10 meters and “doubling” takes
place in the plate circuit, while the second
6L6 operates as a screen-grid amplifier.
With 400 volts on the plate, it is possible
to obtain 20 watts of R.F. output from the
6L6 amplifier. It may be advisable to in
clude a word of warning at this point that
the 6L6’s are made in two types; one with
a glass envelope and another with a metal
envelope. For 5 meters, the metal tube is
recommended, inasmuch as a number of
extensive tests have proven that it is more
stable and far superior in opertion, requir-
ing no neutralizing while the excitation voit-
age is being applied. No intricate shielding
was found necessary with these tubes while

the glass tubes required considerable shield-
ing together with neutralizing and were no
more efficient.

If one is not satisfied with the 20 watts
output from the circuit shown in Fig. 6,
two 6L6 amplifiers may be added and the
diagram is shown in Fig. 7. The amplifier
in Fig. 7 added to the two tube transmitter
in Fig. 6 will provide some 50 watts out-
put. Here also the metal tubes siould be
used. For best results with the 616, by-
passing should be done right at the tube
socket! In Fig. 7A we have shown how the
metal shell, the cathode, and one side of
the heater are all connected right at the
socket and grounded to the metal chassis.
(a metal chassis is recommended in all
cases for ultra-high frequency circuits of
this type), the other side of the heater is
by-passed immediately at the tube socket.
The same is true of the screen grid. While
in the diagram Fig. 7 we show a single by-
pass condenser with the two screen-grids
connected together, it is advisable to em-
ploy two condensers—one for each grid.
Various methods of coupling the antenna
to these circuits have been shown and will
depend entirely upon the antenna and feed-
er system employed in the transmitting
station.

|
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CHAPTER 16

RELAYS SIMPLIFY
OPERATION OF STATION

® UNQUESTIONABILY the up-to-date

amateur station should be relay oper-
ated. The use of relays in connection with
radio and electrical apparatus not only pro-
vides a very desirable convenience but in
many cases safeguards the apparatus and
the operator against damage or injury.

The first application of a relay in an ama-
teur station is for keying the transmitter.
There are a number of reasons why this
works out most effectively, and they are:
It removes high voltage from the metal
parts of the key and permits uniform char-
acters to be transmitted, especially when a
“bug” is employed. The connections for
this relay are shown in Fig. 1. The next
application is for turning the transmitter
on and off. In cases of low power, where
filaments anfl plate voltage may be applied
to the rectifier at the same time in the pow-
er supply, only one relay is required, as
shown in Fig. 2. When using this part-
icular method, it is advisable to have a
switch in the B negative or B plus supply
of the transmitter power supply, so that
the plate voltage will not be applied tc
the tubes before the filaments are thorough-
ly heated.

By employing the system shown in Fig.
3 in conjunction with Fig. 2, we have a
very satisfactory arrangement. This should
be used as we said before where a low vol-
tage power supply is employed so that
there is no danger of damaging the rec-
tifier tubes. The circuit in Fig. 3 primarily
opens the B negative circuit right at the
power transformer secondary. In addition,
we have shown how the receiver may be
operated in conjunction with this arrange-
ment to permit stand-by for rapid change-
over during communication. Two relays are
employed here—one to disconnect the I
minus center tap of the high-voltage sec-
ondary, thus turning off the power to all

stages in the transmitter, and another relay
to turn the receiver on by connecting the
center tap in the high voltage secondary of
the receiver power transformer; this is for
standing-by. In order to transmit, merely
make contact with the stand-by switch; this
turns the high voltage on to all tubes in
the transmitter and at the same time turns
the receiver off.

Where higher power is used it is neces-

TO KEYING CKT TO ALL
‘v N, Y PRIMARIES
’/ sﬂ
L8| e
-~
4 ’
RELAY RELAY
”
- PPUSE—— ,
POWER a 1iov
SOURCE ”
x
TO SWITCH
o
FIG 1 FIG 2

Fig. 1—Keying relay. Fig. 2—Simplc
circuit for turning transmitter “on”
and “off.”

sary to heat the filaments for a period of
at least 15 or 20 seconds and in some cases
a few minutes before plate voltage is ap-
plied. This may be accomplished with
time-delay relays or more simply and more
cconomically by the system shown in Fig.
4. Here a single double-pole, single-throw
relay is used to turn on the filament trans-
formers. The other pair of contacts on this
relay complete the circuit for the high-vol-
tage relay. Thus, when the plate switch
makes contact the primaries of the high-
voltage transformers are thrown on and we
are ready for operation. If the plate switch
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change-over from transmit to receive

and speeds up operation.

is pulled open, only the filaments remain
on; while if the filament switch is pulled
open while the plate switch is closed, they
all go off at the same time, which is a
reasonable measure of safety. The only
danger is in throwing the filament switch
on when the plate switch is alreadv closed.
The operator should make sure that this is
never done!

The entire group shown in the four dif-
ferent diagrams represent a complete in-
stallation. A combination for relatively
high voltage would be Fig. 4 for starting
the station. In the case of Fig. 4 for rela-
tively high voltage power supplies, where

in u high-voltage power-supply, using
separate transformers for plates and
filaments.

separate filament and plate transformers
are employed, break-in can be accomplished
with the plate switch, merely by discon
necting the high voltage primary. In this
case, the field of the relay operating the
receiver would be connected in parallel
with the field of the plate relay. Of course,
if a number of separate power supplies are
employed, then the number of relays will
have to be increasad. This will depend upon
the particular station layout. If relays are
installed, there is no doubt that they will
prove the most valuable accessory the op-
erator ever employed.
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LEARNING THE CODE

UPPER
FINGERS FORE ARM ARM
k WRIST l
o / ELBOW |
\ \L
/
KEY TABLE/

Correct arm position

® Before one may operate an amateur

station one must learn the code and
be able to send and receive it at the rate of
13 words per minute, (5 letters to the
word. The code test is the first part of the
examination given, if this is failed, the ap-
licant must wait 3 months before taking
another examination.

Our suggestion would be that anyone
applying for a license should be able to
copy code at least 15 words per minute.
Undoubtedly, the reader has heard many
arguments pro and con as to the methods
of teaching and learning code, and also
has heard much about certain people not
being able to learn code at all.

There is considerable latitude regarding
one point. All the various methods avail-
able for learning code are good, but there
is no such thing as “can’t” in learning the
code. The most important of all is PRAC-
TICE. The radio code symbols are known
as dots and dashes, but in practice sounds
are called, dits and dahs.

The relative lengths of the dots and
dashes and spaces between them are as
follows; A dash is equal to three dots, the
space between parts of one letter, or be-
tween dots and dashes of one letter is
equal to one dot, and the space between
2 letters should equal three dots; and the

space between two words should be equal
to approximately five dots.

Various code teachers prefer different
methods for learning the alphabet. Some
prefer learning all the dot groups and dash
groups separately. However, since they all
must be learned, there would seem to be no
better method than learning them in mixed
groups or choosing letters at random. In
fact, learning them in alphabetical order
provides a well mixed formation.

Listening to commercial transmitters
sending press and various secret codes
will provide the student with the sound of
the various characters. Most important is
the proper formation of the characters com-
posing a single letter, for instance, A in the
chart is shown as one dot and one dash. To
obtain an idea as to how this would sound,
the dot and dash should be pronounced dit
and dah as stated before, and as rapidly as
possible leaving almost no space between
the two. In other words, the dash should be
pronounced or sent as soon as possible
after the completion of the dots. (ditdah).

After this is done several times, the letter
will have a certain rhythm, and, it is this
rhythm, and the proper recognition of it,
that makes a successful telegrapher.

BUZZER

Code set using huzzer
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INTERNATIONAL MORSE CODF

CONYENTIONAL SIGNALS

AND

A ecam R eame ) mam—mame PERIOD ... _______ .. __.____ 0o o0 oo
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E o V eeeem oA ocm s o ems | INTERROGATION __ . ____ _ésamenés
F eoame W e e X (SPANISH- EXCLAMATION POINT__ _____ R
G wewme X comooam __SCANDINAVIAN) | APOSTROPHE ____ ... . cemesemess
H eeee Y o=ommem ct‘ o CIe = e HYPHEN _ __ _ e wmooOoam
| oo Z emanee (GERMAN -SPANISH) | BAR INDICATING FRACTION. .. . ame emme
el Fu— I AP PARENTHESIS_ .. emeemecomm
K ot | eemame | L (FRENCH) INVERTED COMMAS _ . emmeceme
L oemee I ccoamam N emom o mmwe | UNDERLINE _ e __ GO amemomm
M o= 4 cccemm NspanisH) OOUBLE DASH.__ ________ _emecomm
N eme 5 ecoceo 0 emacame DISTRESS CALL ________.__ 00— o o
O ememen [ wmeces “(GERMAN) | ATTENTION CALL T0 PRECEDE
P oammme ] ememeece EJ ®oaman EVERY TRANSMISSION . __ =B &
Q mwemoem 8 wmamamoe | “(GERMAN) GENERAL INQUIRY CALL ____ ememms woameum
FROM (DE)___ _ _____ _____ smeo o
INVITATION TO TRANSMIT NOTE
(GO AHEAD) ___"__f —

WARNING - HIGH POWER
QUESTION (PLEASE REPEAT AFTER..):

INTERRUPTING LONG MESSAGES. __ )

WAIT. . camooe
BREAK (BK) (DOUBLE DASH) . ___ emesems
UNOERSTAND _ _ ____________ ¢soame
ERROR _ _____ . ______ . ____ ®00ccoce
RECEIVED (O.K.)_ _____ ___ camo

POSITION REPORT (TO PRECEDE R
ALL POSITION MESSAGES ) __;

END OF EACH MESSAGE (CROSS)__ cameam o
TRANSMISSION FINISHED ~~ 3

(END OF WORK ) CONCLUSION +- oo ommeas

OF CORRESPONDENCE :

;-__—_L e

(10 BE USED FOR aLL GENERAL PUBLIC-SERVICE RADIO

‘COMMUNICATION‘ (1) A DASH IS EQUAL TO THREE 0oTs

(2) THE SPACE BETWEEN PARTS OF THE SAME LETTER
IS EQUAL TO ONE DOT (3) THE SPACE DETWEEN

TWO LETTERS IS EQUAL TO THREE DOTS ;
(4) THE SPACE BETWEEN YWD woRDS 1§ EQuAaL

TO FIVE DOTS ]

Complete Code Chart

As the student becomes more proficient,
letters will not be recognized for the dot
and dash content, but by a certain rhythmic

sound which they have,

We have shown a diagram of a simple
code practice oscillator and a drawing show-
ing how the key should be held. The secret
of good transmitting is the lack of tense

muscles. In fact, in receiving or trans-
mitting, one should be more or less relaxed
and should copy in a leisurely manner.
Make it a practice of writing slowly, just
fast enough to keep up with the rate of
transmission. If you find yourself waiting
for letters to be sent, you will immediately
know that your method is wrong.
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For thc beginner we would suggest
forming the letter just after it is sent, and
form it slowly, then he will find that the
next letter is being sent hefore tlie letter
which is being written down is completed.
‘I'his method serves for slow speeds from 5
to 10 words a minute. Above this speed he
hould copy further behind.

SECOND

/FlNGEQ

AIRGT 2
FGER? £

y

THUME

How to grip the key.

(1)

ADJUSTABLE COND TRANSFORMER
ABOUT .Q01-MF. /AF' B

[ I <
‘ <

¥ 223VE
RHEOSTAT Ill 2706V, BATTERY

Simple andio oscillator for code practice

PRACTICF EXERCISE 1. This practice exercise
contains the all-dash letters listed in memorizing
group. | dah; M dah dah; O dah dah dah.

Two-lLetter Code Groups

TT MM 00O MO OM TT MM MT MO TM
o MO TM OT MT OM TM TO OT OM

Theee-letter Code Groups

TOM MO OTO TOM OMO  MOO
TTM OMO MNMT MMT OTM TMO
TOO MTM MOM TOM TMO MTM
MOT TMT OTM TOO OMT OOM
TMT TOT OOM 00T MTO TOM
Four-letter Code Groups
TOMO TMTM OoTOoT MMOT MOTO
MTMT MOMO TMOM MOTT OTOM
TMTO MTTM MTMO TMOT TOTO
OTMO MTOM TOTM OMTM TOOM
MOTO OMTT TOMT OTMT MOTM
OMOT TOTO TOMO MOOT OTTO
Five-letter Code Groups
TOTOM MTMOT TOTTO OTTOM
MOTMT MMOOT MTMOT TOMOT
OOMTT TOMTO MTOTM MTOMO
MOTTO MTOTM OTOMO OMTTO
TOTMO OMMOT TOMOT TMOTO
MOTOT OTMTO MOTTO MTOMT
TMOTT TMOTM ‘TOTOO TOMMT
TOMOT OTTOM MTOMT MOMOT
OTMOT TOTOO MOTOM TOMOT
MOTTM TOTOM OMOTT OMOTO

\Watch your spacing in the above groups. both be-
tween letters and hetween groups. Notice that these
groups can be sent from left to right, or back.
wards from right to left; also both up and down.
I'RACTICE EXERCISE 2: Next send dots or dot
letter< such as I, IS, E, EH, HI, HS, SI, and SE.
Write up a drill exercise similar to the one which
follows. As you write down the letters in the drill
exercise say them mentally to yourself, using ‘‘dit"
and “dah” instead qf dot and dash (letter E is dit,
I i< dit dit, S, dit dit dit, etc.)

This exercise is for sending and receiving the all-
dot letters listed in memorizing group 2.

EISH
Two-Letter Code Groups
El EH SH SI IH
SS I HI HS EH
ES IS SE IE IE
HH EE HE El ES
Three-letter Code Groups
SIS SIE ISI ESH HIH ESI
ESE EIE ESE ISH HIS SEI
HSI I1EI IST EIE SIH
HEH ISE 1HI SHE EIS
EHE HSH ESI EHS ISE
Four-letter Code Groups
SISE ISIS HSEI SEIS EHIS
ESHE SHEE HIHI EHIE HSIE
ISHE HISE SEHS SISt SISE
HESE ESH] SIES HISH
HISI EIEI SEHI ISHE
ISES HISH HEHE SHEI
SHIS SHIE ISHE ISHI

A
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A SIMPLE ROTARY

c‘; -

® SOMEWHAT more than fifteen years

ago we secured a piece of well seasoned
lumber three inches square and twenty feet
long. The edges were trimmed off and the
top was tapered so that it would not ap
pear too unsightly and then the stick was
given several coats of paint. It has been
fastened to one of the studs on the side
wall of the house in a corner besides the

, " ' " [
965. 96, APPROX 4
i ; &/ ACTUAL DIMENSIONS
——iot" .|y OF AUTHORS BEAM, CUT
—— - FOR 58 MC. AND SUITABLE
- , FORUSE IN ALL PARTS DF
[ 4 ﬁrgv SMETER BAND
U x 101 ADJUST HERE AS EXPLAIN
:_ 1. i ED IN TEXT
-~
. . LEAD-IN, NOT ANY LONGER
507% § “THAN NECESSARY T0 REACH T0
GRS LAIN‘;( Fkoan INSULATORS, WHERE
- ] -POW
Piier ‘7 OWER IS IN USE
CABLE,
ANY ‘
LENGTH ALTERNATE METHOD
A~ SIMPLIFIES CON-
10 FINAL Y STRUCTION FOR
TANK N POWER BELOW 250 WATTS
Y NOY FOR LINES OVER 50
? FT IN LENGTH
~TYPE FP 999-w
TELESCOPIC AERIAL FULLY

EXTENDED 10 962N, AND
SPACED 101 IN. CENTER TO CENTER

WINDOW MOUNTING BRACKET 1S ﬂ

BENT TO 90°ANGLE ANO ATTACHED
T0 CROSS MEMBER

ANT. WITH
BRACKET
BENT TO
90¢° S
END OF~»-
CROSS
MEMBER

Diagram and side view of S5-meter rotary
beam antenna

ﬂ(TYrc FP.9§9W) )
[

METER BEAM

ANTENNA

chimney, four rather large lag bolts.
I'elescopic Fishpole antennas, designed foi
mounting on automobile bumpers and
apartment house windows gave us the no
tion, stated Arthur H. Lynch, W2DKJ, that
they could be used very satisfactorily in
connection with the building of multi-ele
ment ultra hi-frequency antenna systems

IFhe type FP-999-W broadcast antenna
poles are provided with a mounting bracket
which is bent to an angle of forty-five de
grees. We bent this bracket to an angle of
ninety degrees and it formed an ideal sup
port for the antenna itself.

It happens that our crystal has been cut
to oscillate on a frequency of 7,245 kilo
cycles and by suitable doubling, we came to
an ultimate frequency in the final stage of
57,960 kilocycles. Extending the telescopic
fishpoles to their limit produces rods which
are 962” long and that is just about correct
for the frequency on which we are trans-
mitting. Such poles can be used satisfactor
ily from the middle to the high frequency
end of the five meter band but they are not
satisfactory for frequencies below 58 mega
cycles. .

The crossarm that we use, states Mr
Lynch, is made of a piece of well seasoned
pine two inches square and one-hundred
and five inches long. Two radiators are
mounted on the lower side. A piece of
heavy, insulated wire is provided with this
type of fishpole and by joining these lead
wires from the two upper radiators at the
center and following the same procedure
with the two lower radiators we have an
“H” beam which might very well be fed
by a low impedance transmission line.

In our case, however, we preferred to use
an open line for a part of the run to the
shack and a junction to the open line is
made, without introducing any serious diffi-
culties by sliding the ends of the low im
pedance twisted pair up and down the last
foot or so of the open line until the best
point is found, in the usual way. A satis
factory point for starting to locate the op
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timum junction between the open line and
the low impedance twisted pair is to make
the open line any number of half wave-
lengths long.

A Simple Spaced Pair

A few years ago we designed a special
type of transmission block, for use in con-
nection with the making of noise-reducing
antenna, These lhlocks provide one of the
simplest methods of making open trans-
mision line because they keep the wires
separated the correct distance, they can be
inserted in the line without any tie-wires
and any time that it is found desirable t»
insert additional spreaders these trans-
position blocks can be used very satisfac-
torily. When a transmission line of this
type is made it should be borne mm mind
that the wires are NOT transposed. The
wire we used is approximately the equival-
ent of No. 14 solid and, as it hecomes auto-
matically spaced with the use of thec:
transposition blocks, we provide ourselves
with a line having an impedance of ap
proximately 450 ohms. The losses in a
line of this kind are negligible. even at five
meters. This is not true of any twisted
pair nor is it true of any tvpe of coaxial
conductor. So, wherever an open spacel
pair can be used, particularly on the ultra
hi-frequencies, it should he used and the
use of nothing hut the best twisted pair
should be used in conjunction with it.

Making the Beam Rotate

The simplest method for mounting the
2 x 2 inch cross-member on the top of our
3 x 3 mast would be to drill a reasonably
small hole through the 2 x 2 and run a
fairly long lag screw into the top of the
mast, placing a metal washer between the
head of the lag screw and the top of the
cross member and another one hetween the
bottom of the cross-memher and the top
of the mast. Such an arrangement is all
right for a temporary affair but it is cer-
tinly not workmanlike and we helieve that
the arrangement that we have used will he
welcomed by those amatenrs who contem-
plate making their rotary beams more sub-
stantial. The arrangement that we have
uscd is a very simple but very effective one.

We secured a copper contact, of the type
which is used on large elevator controls.
T'he contact had an outside diameter of 214"
The hase i3 34" thick. the pin is 274" long
and the diameter of the pin is ¥4”. We
drilled three holes through the bhase and

UPPER "
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Details of suspension of rotary heam
antenna are shown above.

then counter-sunk the holes so that the con
tact itsclf could be fastened to the top of the
mast with three wood screws. Insulating
bushings for these copper contacts are
stock items and they are made of molded
hakelite. They have a hottom surface
which is equivalent to the surface of the
base of the copper contact. We drilled a
hole through the cross-member and sunk
the bakelite bushing into the hole and that
gave us a very satisfactorv bearing and
prevented any side swaying of the cross-
member. Plenty of vaseline was applied
to the upper surface of the copper contadt
and the lower surface of the hakelite bush-
ing. The complete antenna can he rotated
sao easily that it turns as though it was
mounted on ball bearings.




68 Rudio Amutenr Conrse

806

“ALL-BAND”

TRANSMITTER
DELIVERS 100 WATTS

® THE main purpose in the design of this

transmitter was flexibility and simplic-
ity. It as an easy matter to make an all-band
transmitter employing a large number of
stages. On the other hand, if proper tubes
and circuit arrangements are employed, the
problem is not quite so complicated as it
may seem.

In transmitters having fairly high-power

Front view of the complete transmitter.

The “exciter” and “driver” stages are

built on the lower panel and sub-base:

the 806 “final-amplifier” and control
panel being the 10p one.

amplifier stages, that is somewher around
13 kw., (500 watts) the driver stage should
receive greatest care in the choice of com-
ponents. The tube used as the driver de-
termines whether or not the transmitter
must be complicated. If the tube used in

this position requires only a few watts ex-
citation, thien we can produce all-band op-
cration with a single crystal. With this
transmitter we have chosen the 804, which
works exception!ly well down to 10 meters,
The excitation requirements of this tube
are extremely modest, less than 1 watt be
ing sufficient for maximum output.

“Pen-ter” Exciter Employed

In order to obtain the utmost in flexibil.
ity, we resorted to the “Pen-tet” exciter.
This unit consists of nothing more than 676
pentode crystal-oscillator, followed by a
6L.6 multiplier. This arrangement makes it
possible to quadruple the crystal frequency
with excellent efficiency. With 400 volts on
the plates of the oscillator and multiplier,
the output of the fourth harmonic and 80
meter crystal is more than sufficient to
drive the 804 driver and it is necessary to
adjust the coupling in order not to over-
drive the large pentode. The 804 pentode
seems to be the ideal driver for the 806
final amplifier used in this transmitter, as
its output ranges from 50 to 80 watts, de-
pending upon the circuit connections and
the voltages applied to the tube.

50 Watts From Driver

In our case we used the tetrode connec-
tion and applied 1,000 volts to the plate of
the tube. The output with this arrangement
was approximately 50 watts with an ex-
citation requirement of only .65 watt. This
output, of course, is slightly greater than
the 25 to 30 watts required for the 806,
when operated as a plate-modulated class C
amplifier. However, the driver stage, espe-
cially in a phone transmitter should have
good regulation and 2 fair surplus of power;
proper excitation being obtained by varying
the coupling between the driver and the final
stage.




A peek behind the front panels—top,

the 806 “final-amplifier,” and below—

the “exciter” and “driver” stages, with
crystal.

Since link coupling is used, a variation of
he excitation is simply a matter of the
sroper placement of the link coil. The
unonnt of grid current present in the final
inmplifier stage is the best guide to proper
xcitation adjustment. For class C teleg-
-aphy, the final amplifier grid current should
ye in the neighborhood of 25 to 40 mills.
‘M.A.) This can be obtained with a 15,000
shm grid-leak.

Smaller values of grid-leaks may be uscd
vith lower voltages.

Phone or CW Operation

For phone operation, the grid current
should be at least 40 mills, slightly higher
values—not exceeding 50 milliamperes—
may in some instances improve the linear-
ity of the amplifier. For CW or code opera-
tion, the plate voltage to the final amplifier
can run as high as 3,000 volts. However,
for phone use, the maximum rating is 2,000
and this seems to provide the best all-
around operation. These values will serve
for the 80, 40 and 20 meter band. However,
in some cases, it may be advisable to re-
duce the plate voltage slightly, probably to
1500 to 1800 on the final amplifier. Although
we have operated the tube with 2,000 volts
on 10 meters with no signs of ill effects,
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the manufacturers claim that for this serv-
ice the tubes should be cooled, preferably
with an electric fan. While this may be an
inconvenience 1n some cases, should it be-
come necessary, we believe that a slightly
lower plate voltage would overcome the
problem. The slight reduction on 10 meters
would not be worth mentioning, insofar as
actual service is concerned.

Single Chassis for “Exciter” and “PDriver”’

I'he photographs show the general con-
struction of the exciter unit, as well as the
final-amplifier unit. The exciter and driver
stage are contained on a single chassis and

it can be seen that this is a very
simple unit—only three tubes are used.
The panel dimensions are 834" x 197

while the chassis is 2” x 7” by 17”. The
chassis for the final stage is the same size
and the panel is slightly higher or 1034”.
The final amplifier tank condenser is of the
split-stator variety and has a capacity of 50
mmf{. per section. This unit originally was a
6,000 volt 100 mmf. condenser, the stator
was later split. However, a standard split-
stator condenser is readily available. For
operation on the 80 meter band, this ca-
pacity is slightly small; we would recom-
mend the use of a condenser having 100
mmf. per section if one is interested in high
power operation on 80 meters.

Exciter Unit Can Be Used As
90-Watt Transmitter

Qur suggestion is that the final amplifier
be eliminated for 80 meter operation, and
by applying approximately 45 volts to the

| Itk TO LINK TO
804 ANTENNA
DRIVER

TUNER
.

.001-MF
2500V ~

16000
OHMS
001-MF v J
2 S00V = X
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ORIVER ,<L . =) e

Ca-  Ciiovac 8+, 2000 70 3,000V.

The 1400 watt final amplifier, using 806.

The neutralizing condenser is a disc

type, high-voltage neutralizing conden-
ser. See photos for details.
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Complete Exciter Unit 50-10-90 watts; for operation of the exciter alone, the switch
in the suppressor-grid circuit should be in the position which puts 45 volts on the
suppressor.

suppressor of the 804, we have a 90 watt
transmitter which should be thoroughly
capable of meeting all requirements on the
80 meter band. In fact, this is the way the
original transmitter was operated.

The high power final stage is only used
on 40, 20 and’ 10 meters. The grid tuning
condenser for the final amplifier stage ap-
pears to be a split-stator condenser of quite
large dimensions. This was used in the
first arrangement of the transmitter in an
endeavor to employ a single-section plate
condenser by the simple expedient of grid
neutralization. However, satisfactory results
can be more easily obtained with the split-
stator condenser in the plate circuit, and a
single condenser in the grid circuit. When
using grid neutralization, the output of the
driver stage, operated as shown in the dia-
gram, would not provide sufficient excita
tion for efficient phone operation on the
higher frequencies. Plate neutralization is
shown in the diagram and eliminates this
problem.

The complete transmitter as described,
provides one of the smoothest operating
“rigs” ever tried. Its excellent output of 400
watts on all bands provides an impressive
signal.

Coil Data

80 and 40 meter oscillator 17 turns; 6L.6
multiplier, 18 turns. 20 meter multiplier coil,
8 turns. These coils are wound on a 115"
isolantite form with the winding spaced to
a length of 1% inches.

Data for the amplifier is as fol-
lows: 80 meters—22 turns, No. 12, 214" di
ameter; for 40 meters 14 turns, No. 12, 215"
diameter; 20 meter, 6 turns No. 12, 215"
diameter; 10 meter., 4 turns No. 12, 134"
diameter. These coils are of the self-sup-
porting type with a length of 4”. The 806
grid coils are wound on 134” dia. isolantite
forms. The coils are wound to a length of
3” with No. 18 tinned wire. The turns are
as follows: 22 turns for 40 meters; 12 turns,
for 20 meter; and S turns for 10 meters.

The 806 plate coils are of the same con-
struction as the 804 plate coils, however,
they are wound to a length of 5” and have
a diameter of 215”. The 40 meter coil has
26 turns; 20 meter coil has 12 turns. The
10 meter coil has 4 turns of the same di-
ameter but is only spaced to a length of 4”.

The self-supporting coils are constructed
with No. 12 tinned copper wire of the soft.
drawn varietv. The supporting strips are
made of 1/16” celluloid strips 14” wide.
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ONE METER WAVES

FOR

al

e~

Top view of l-meler receiver.

@ THE amateur has done httle experi

menting on the real ultra-high fre
quencies for the simple reason that proper
equipment has only recently become avail:
able. It is a well-known fact that it is al
most impossible to get any appreciable
power from the conventional type of vac
uum tube at wave-lengths as short as 1 me
ter,

With the advent of the new Western
Electric 316A tube, there is no reason why
the amateur who can afford it should not
carry on experiments in the '3 to 13-meter
regions. This new tube can be operated at
fairly high efficiency at ¥3-ineter, and has a
power output of from five to eight watis
There are many advantages in working on
frequencies in the neighborhood of 300 meg:
acycles or higher; principally the entire
lack of outside interference.

No Interference Noticed

For instance, during the several months
of experimental work, we did not hear a
single automobile ignition system, or for
that matter, any other type of electrical

“AS‘II()I.’,I"I,.“".la’. ()S()."

m faci we heard nothing seve
our own signals and we beheve that this real
ultra-high frequency bhusiness offers the
amnateur an excellent opportunity for short
raunge direct communwution. \We further he
lieve that a successful amateur band couleq
he organized in these regions, and prob
ably produce more intcresting results than
the present Smeter band. Of course, the
transnussion range is more limited as the
frequency increases and the higher we go,
the more it seems to take on the opticul ef-
/ut

In oher words, in wavelengths around |
meter, distances of around 25 miles would
seem to be “DX,” unless we experience
some unusval conditions similiar to those
now current on the five meter band, where
atmospheric conditions play a prominent
part. Before any definite opinions can be
reached, it will be necessary for tlie ama
teurs to occupy these high frequency reg
1ions 1n large numbers and thereby prove
whetlier or not present theories and find
ings are definitely correct. In any event, we
believe i1t affords an excellent opportunity
for intra-city communication.

The transmitter employed during our ex-

disturbance;

The 400-volt power-supply used with

the osecillator.
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periments was a single 316A, plate-modu-
lated with about 400-volts on the plate. In
the photographs you see the actual trans.
mitter that operated in the neighborhood
of 275 megacycles. The circuit is exactly
the same as that described by the author
in the November 1934 issue of Short Wave
Craft, and this circuit seems to be the only
logical one at the present time for l-meter
operation.
Constructional Details

The general constructional details can be
learned by referring to the photograph.
Here we see that the tube is fastened to
the ends of a pair of copper tubes. These
tubes are 14-in. ir diameter, and the spac-
ing between them is slightly over a I4-inch.
The spacing in fact is identical to the spac-
ing of the plate and grid prongs of the
tube. The length of these copper rods of
course, depends upon the frequency at which
you wish to transmit. The over-all length

— R ————— —
s EY
e —
20 Counas . et
oo 10 -
> ‘.> EEC L—* =
2- E e Ko T =l ‘ F
3 . 0-100
@ ¢ Ot RIIIIA “:
204, ¥ £ 10.00C0mms s "
E = bl ] ~M0D
T g ouIey
—_— (2 2.7 -
- TS
- & < 2 ¢ nO0
= 350 W - - -ty
e . < -ew - §/ SO wit?
- *
- . @
B e SN TR | = i
a = =
S Ev te

Diagram showing the transmitter con-
nections.

of the external circuit from the tube to the
far end of the copper tubing is 1512-inches,
and the frequency of oscillation is approxi
mately 275 megacvcles. The frequency mav
be increased by shortening the length of
the two copper electrodes. The plate and
grid re-turn leads are taken from a point of
zero R.F. voltage on this oscillatory linc.
R.F. chokes are used at this point and they
consist of 20 turns of No. 18 or 20 wire,
wound on Y4.inch dowel stick. After the
winding form is removed the turns are
spaced so that the overall length is ap-
proximately 2-inches. Similiar chokes are
also used in series with each leg of the fila-
ment.

If the directions given are followed the
oscillator will work the first try and no
tricky adjusments will be necessaryv. The
one and only adjustment is the placing of

the grid and plate connections on the cop-
per rods, and this is done with the aid of
a small neon bulb, after the transmitter is
operating and the two clips connected to
about the mid-point of the copper-rods until
a point is reached where no glow is ap-
parent. This is the point where the two clips
should be attached.

The antenna used in our experiments
consisted of a single copper rod one-half
wavelength long. Its length was deter-
mined by the standing wave on the linear
circuit of the oscillator. The distance from
the free end of the copper tubes to the
point where the neon bulb went out may be
roughly considered as !4-wave, and the
length of the half-wave antenna will be
twice this length. The antenna feeder con.
sisted of a single wire, tapped on to the
antenna a short distance from the center.
This distance is equal to approximately 149,
of the total length of the antenna.
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Diagram of the 1-meter experimental
receiver,

1-Meter Receiver

No directional antennas were tried be-
cause the receiver was most of the time
located in a moving automobile and there.
fore a directional antenna would not have
served our purpose. The receiver employed
is also shown in the photograph, and con-
sisted of an acorn 955 triode, and a 41 audio

amplifier. The tuning condenser was a
two-plate Trim-air with the stator plate
split in the center. Complete data is also
given in the diagram covering the con-
struction of the choke coils and the in
ductance for the grid circuit.

The power supply for the transmitter was
a very simple affair and the diagram ex-
plains it in detail. As 212 volt windings are
the nearest obtainable, in the average power
transformer, a resistance 1S necessary in or-
der to reduce it to 2 volts for the filament.




The Finest Quality

Raythecn—the first tube manufacturer
o build a tube designed for radio
mateurs. First to build an Amateur
. . . first to build an Amateur
. and the first to build a zero
sias Class B modulator. Always—Ray-
heon led the way.

To the experienced radio amateur,
taytheon R K tubes mean the “tops” in
juality amateur tubes. Tubes made from
he finest materials in the world-Tanta-

“HAM?’ Tubes Made!

lum plates, Nonex hard glass bulbs, Isol-
antite bases, etc. Tubes that will stand up
under the most adverse conditions—and
give the greatest output per dollar over
the longest period of time.

Specify Raytheon R K Amateur Tubes.
They cost you no more than ordinary
tubes—yet you get the finest quality
“ham” tubes made. Sold by leading parts
jobbers. Write for details.

TWO NEW BEAM POWER TUBES — Just out of the Laboratory!

RK-47 Beam Power Tetrode, 1.0 Watts Driving Power $17.50 120 W
RK 48 Beam Power Tetrode, 1.2 Watts Driving Power 27.50 250 W
(PE No. DESCRIPTION PRICE OUTPUT TYPE No. DESCRIPTION PRICE OUTPUT
K-10—Triode Power Amplifier Oscillator $3.50 25W* RK-30—Triode Power Amplifier . 10.00 65W
K.18—Triode Oscillator R.F. Amplifier 10.00 50W RK-31—Zero Bias Class B Modulator 10.00 140 W*
Class B Modulator ... 100 W* RK-32—Triode P Amplifi 1200 65W
. - riode Power Amplifier .
K-19- Full-Wave High Vacuum Rectifier 7.50 g 7 5 )
75 V. Heater, Peak Current 600 Ma RK-3+—Dual Triode Power Amplifier 3.50 14 W
RK-3 Triode (for Ultra High
1K-20A R. F. Pentode . 15.00 80 W 3 /
Oscillator R. F. Amplifier 64 W Higmoctiin) B iy
g';cﬂlator RM g.ll\n:’pliﬁer‘ 80W RK-36—High Output Triode 14.50 200 W
SHTIT L. MiegiatednRoHe 18W | RK.37—High Mu Triode 8.00 80W
l1K-21—Half-Wave Rectifier RK-38—High Mu Triode .. 14,50 225W
2.5V Heater, Peak Current 600 Ma RK-39-—Beam Power Tetrode 6.3 V. H't'r 3.50 35W
QK"ZZ’_EU,%“;‘?VC' Recr}iﬁt‘:(rc 7.50 . RK-41-—Beam Power Tetrode 2.5 V. H't'r 3.50 35W
. eater, .
> er, Pea urrent 600 Ma RK-42-_Triode Amplifier 1.10
1K.23-—R. F. Pentode ‘ 4.50 : ; : 5
Oscillator R. F. Amplifier 18W RK-43—Twin Triode Amplifier a0
Oscillator R. F. Amplifier 24 W RK.44—Coated Cathode Type Amateur Pentode
gl;[{})rﬁso; Modulated Phone 5.5 W with Ceramic Base 12.6 V. Heater 850 28 W
. ea
“ RK.45--Coated Cathode Type Pentode
RK-20—Triode Power Amplifier Sipesl i, B Eern T
( eter Oscillator) 2 2W 12.6 V. Heater 5.65 24W
RK 25—R. F. Pentode RK-46— Thoriated Filament T
ype Pentode
Characteristics same as RK-23 Suppressor grid brought out to a
except 6.3 volt heater 4.50 base pin 12.6 V. Fil. 21.75 80W
RK-25B-R._F. Pentode Oscillator RIS 3;?1'5‘“?“;‘;'03;’9"1q:lg'n'g‘t*: T
Clllara;cter?;z;;e;ar1le as RK.25 3.90 18W (Similar in characteristics to 6L6G) 2.10 25W
Bakelite Base) ) P4 Triode R. F. Amplifier 3.25 14W
Ssclll:tsor R.M#a Alkmghﬁxr : 24 W 842 Triode Audio Modulator 3.2 3W
uppresaon odniats mplifier w 866 _Half Wave Mercury Vapor. 1.50
RK-28 -R. F. Pentode ) 34.50 866A Half-Wave Rectifier Mercury
Oscillator—R. F. Amplifier. 160 W Vapor Peak Current 4.00 600 Ma
Oscillator—R. F. Amplifier 200 W 872A Half-Wave Rectifier Mercury
Suppressor Modulated Phone 60 W Vapor Peak Current 16.50 2.5 Amp.

* Indicates value for two tubes.

RAYTHEON IS THE MOST COMPLETE LINE—-ALL TYPES OF GLASS, OCTAL BASE, METAL,

RESISTANCE AND AMATEUR TUBES

RAYTHEON PRODUCTION CORP.

448 Lake Shore Drive, Chicago, illinols 420 Lexington Ave., New York, N. V.
5§55 Howard Street, San Francisco, Cal. 55 Chape! Street, Newtlon, Mass.
418 Peachtree Street, N. E., Atienta, Ga;
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Complete l-meter oscillator.

This resistance can be 2 short length of
resistance wire, the proper length deter-
mincd with the use of a voltmeter, the exac
resistance should be 1369 oiims.

The modulator used in the transmitter,
but not shown in the photographs, con
sisted of & pair of 2A5's in class A,B. How-
cver, any audio unit with about 1S5-watts
output will be entirely sufficient.

In the test conducted all known rules on
ultra-high frequency transmission were
found to be predominant. In other words,
the higher the antenna, whether it is for
receiving or transmitting, the better the
signal strength; also hills have an appre-
ciable effect on the signal, when either the
transmitter or receiver are located close to
the base of the hill. The ill-effects of the
hills becoming less noticeable as the trans.
mitter or receiver is moved farther away
from it.

All in all, our tests proved that the ama-
teur can occupy the ultra high frequency
region with just as much satisfaction as he
now can obtain from the 5-meter band.

Uine Meter Set—Puarts List

OSCILLATOR

1-—-\WE-316A tube
001 mf. 1,000 volt condensers
1.--10.000 10-watt resistor
1--100 ohm center tapped resistor
I—power transformer; see diagram for ratings
1-—12 H. 130 ma. filter choke
2—8& mf. 500 V. electrolytic condensers
1-—25,000 ohm 350 watt resistor
type 80 tube
1—!4 meg. resistor 4-watt
1-—50,000 ohm resistor L2-watt
1-——500 ohm resistor 1-watt
1-—50,000 ohm resistor 1-watt
]—50,000 ohm potentiometer
1—Y5-meg. potentiometer
3--.0001 mf. mica condensers
1-—.001 mica condenser
1 mf. paper condensers
I-——01 mi. naper cendenser
1-—25 mf. electrolytic condenser

1—Trim-Air 2.plate condenser with split stato
(XV-5-TS)

I-—Acorn tube socket
I-—6-prong wafer socket
1--955 Acorn tube
1—4] tube




]\vll OST of the successful radio engineers of 1937 were.

1921

ODAY. the number of prominent engi-
¢ neers who still depend on WHOLESALE
ADIO SERVICE CO. as their source of
a1 ply for anything and everything in radio
istp in the hundreds. Follow the example
athese successful radio men who have
swn up with us. Learn fo depend on
VIOLESALE for YOUR radio require-
mnts. No order is too small to receive
pmpt attention. No radio problem. simple
¢ complicated, is overlooked when you
tng it to WHOLESALE. You'll find every
c> in our organization always ready and
slling to help. You'll enjoy consulting with
/» “hams’’ on our splendid staff especially
t:ined to assist you. WHOLESALE RADIO
JRVICE CO. with its seven branches stra-
tjically situated to serve you best, offers
u swift service, lowest prices, highest
nality.

when WHOLESALE RADIO SERVICE CO. was founded.
WHOLESALE. The parts and tubes—the
purchased at WHOLESALE. They leaned on
radio technique was in the makin

They were onceg

like yourself. experimenters in
They grew up with
“rigs’ and “bugs” which they used then were
WHOLESALE during those days when their
g. And WHOLESALE never let them down.

& WHOLESALE issues

GREAT CATALOGS

One of the services which WHOLE-
SALE renders is the fine catalogs

which are mailed to you I'REL upon
request. They cannot be duplicated:

only WHOLESALE RADIO SERV-
JCE CO., with its tremendous buy-
ing power can offer you such radio
“huys.” The new 180-page book full
of real values in everything you will
ever require for your radio experi-
ments. The merest “gadget” — the
most elaborate “rig” are all listed and
illustrated. TEN THOUSAND bar-
zains to help you make a suceess of
your radio career. Send for this FREE

catalog TODAY. Ask for Catalog g

No. 69-18.

]
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Complete modulator, including the erv-
stal mierophone.

® THE famous 6L6 tube, although not

very old, has become one of the most
popular of all tubes manufactured and is to
say the least, the most interesting. Previous
articles have shown its adaptability to trans-
mitting apparatus in the R.F. portion and in
this article we will describe a modulator us-
ing them in the output stage.

Two of these tubes in Class A-B in this
modulator will deliver over 50 watts of
audio and are capable of modulating an R.F
amplifier with inputs up to 100 watts. This
modulator is designed to work in conjunc-
tion with a crystal microphone and uses
metal tubes throughout, except in the power-
supply. The diagram reveals that we start
out with a hi-mu triode, as the first stage
of speech amplification, a low-mu triode
in the second stage of speech, two in push
pull as drivers for the push-pull 6L6's. Re.
sistance coupling is used in the first two
stages which employ a 6F5 and a 6C5. The
speech amplifier is “transformer-coupled"
to the driver stages which, in turn, make
use of spccial transformers for the inpu
and output circuits.

MODULATOR

I'he output transformer is designed for
2500, 5000, and 7000 ohm loads, and is cay
able of carrying the plate current of the
modulated amplifier. The entire audio por
tion is built on a 7 x 17 inch, crackel-finish
ed chassis, 2 inches deep, and has a metal
style cover. The power supplies-
there are two of them, one for the power
stage and another for the three amplifier
stages——are mounted on a similar chassis.
A cage was not emploved here, but would
nndoubtedly improve its appearance.

Sepurate Power-Supplies Used

The photographs show the complete unit
ready to couple to the R.F. amiplifier with
the power supply sitting on the top of the
speech equipment. The other two photo
graphs show close-ups of both the speech
and the power-supply portions. Due to the
rather heavy current requirements of the
power-stage and extra good regulation be-
ing necessary, separate power-supplies were
used. The one delivers 400 volts at 250 mills
(ma.) and has only to serve the plates of the
6L.6's. Another power-supply, delivering
250 volts, supplies the plate voltages for
the three low-power stages and screen-
voltage for the 6L6's. The screen voltage
was taken from the low voltage power-
supply in order to obtain perfect regula-
tion and maintain the screen voltage con-
stant during current swings of the power
stage.

The transformers available would not
permit a single 6.3 voit winding to feed all
of the heaters and therefore, as the dia-
gram shows, the heaters were split up,
some being run off the low-voltage power-
supply, and some from the high-voltage
power-supply. This is not at all inconven-
ient because the windings are already pre-
sent on the transformer and are taken care
of in the plug arrangement. In the rear

At es




isn’t what you put in
at counts—

Lie RCA Tubes to be sure of better
mrformance at hign frequencies

[ seems to us that much emphasis has been placed
[on tube input ratings with little regard to tube and
iuit efficiencies and the resulting output. After all,
¢k other fellow only hears what you put into the
afenna — not what you put into the final stage. Why
«nble, therefore, with the operation of your trans-
rter? Give it a good start by designing it around
LA tubes. There are many types to choose from which
w1 give you long, reliable service at high efficiencies.
High plate efficiencies in many tubes are obtainable
Ay at very high plate voltages. This means costly
awer-supply equipment. RCA offers you a line of
mes designed to give high efficiencies at reasonable
j.te voltages, thus permitting you to save money on
yar power supply equipment. The money saved can
Iy used to improve other portions of your transmitter.
Efficiency at ultra-high frequencies is an important
mieter. Naturally, overall circuit efficiency is lower.
Hn't let the tubes be the weak link in the system —
¢z RCA ultra-high-frequency types which have been
¢cefully designed and rigidly tested to assure good
wra-high-frequency performance.

For full information on any RCA type,
see your supplier, or write to

AMATEUR RADIO SECTION
RCA Manufacturing Co., Inc., Camden, N. J. * A Service of the Radio Corporation of America

' LE kL
RCA 801 RCA 802

1% ¢
RCA 803 RCA 805
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The speech or nudio part of the equip-
ment.

of the speech unit we lave two socket
which are receptacles for the power-supplv
leads and from the power supply unit there
are two cables with plugs attached to fit the
sockets. In the high-voliage supply, we used
an 83 rectifier and an 80 in the low-voltage
power-supply. If the 83 causes a hash in the
receiver, merely substitute it with an 83V
which is a special vacuum tube, with regu-
lation nearly as good as the 83. The 83 pro-
vided slightly better results.

“Gain-Control” and Bias Arrangements

Good equipment must be used in the con
struction of the power-supply and the modu-
lator, because poor regulation can not be
tolerated, otherwise you will have serious
distortion and low-power output. The gain-
control is incorporated in the grid circuit
of the second speech amplifier. This is a
500,000 ohm potentiometer and usually has
to be turned on about 60 per cent for com-
fortable speaking into the microphone.

Plenty of circuit-isolating resistors and
condensers are incorporated in the speech-
amplifiers and are absolutely necessary
wherever shown in order to obtain max;
mum stability.

The 6L6 stage may be operated with
automatic bias or fixed bias. The battery
bias, or fixed bias arrangement, permits
slightly greater power output. Although
this grid voltage might have been obtained
from the low-voltage power-supply, a sep-
arate battery was used. The small variety
work well because of the low voltage re-
quirements and also due to the very slight
amount of grid current that flows during
peak power-outputs, which has very little
effect upon a good battery. Automatic bias
is used throughout the rest of the modu-
lator in the conventional manner.

Both the grid leads of the two speech
amplifier tubes are shielded with regular
shielding braid. This was found necessary
in order to reduce hum pickup and also
possible feed-back. Under operating con-

Antenr Course

ditions, the amplifier, as we said before, gave
over 50 watts audio, and the quality is ex-
tremely good. In fact, many who have

heard it “over the air” claim that it sounds |

a ood as anytlnng they have ever heard
and equivalent to “broadcast” quality

There 15 absolutely no noise 1 the am.
plifier itself when using a crystal nicro
phone, and not the shghtest trace of hum
which also makes for better quality

here are two types of output transform
ers available for the 6L6's. One 1s shown
i tlas particular modulator, and another
which has low-unpedance outputs ranging
up to 500 ohms. It has been found desir.
able 1n inany cases to use an “out-put”
transformer with 500-ohm output sec
oudary and coupled to the modulated am
phfier through a 500-ohm transmission line
Although this requires another transformer
for matching the 500-o0liin line into the mod
ulated amplifier, it eliminates “feed-back”
difficulties in that the modulator may be op-
erated at quite a distance from the R. F.
amplifier, and thus there will be little
chance of R.F. getting into the modulating
equipment. Of course, if care is used in set:
ting up the apparatus, no R. F. should be
present in the audio system. But one of the
best ways of getting around this possible
evil is to use the above method and employ
a 500-ohm line between the modulator and
the modulated amplifier.

Parts List for Modulator

1-—5 meg. resistor
1-—3500 ohm resistor
1—50,000 ohm resistor
1—200,000 ohm resistor
1--200,C00 olim resistor
1—2,500 ohm resistor

(The above resistors are all
1—20,000 ohm voltage divider
1—15,000 >hm voltage divider
1—.5 meg. potentiometer
2—4 mf. condensers, 100 volt
2-—2 mf. condensers, 400 volt
5—8 mf. condensers, 600 volt
1—.1 mf. by-pass condenser
1—10.000 ohm resistor
1—500 ochm resistor

watt)

Fhe two power-supplies conbined in one
unit, which are used for the 6.6 modu-
lator.
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HARRISON serves ’em all!

v o ¢ “Harrison” has been the “buy-word” of discriminating Amateurs
Smce 1925 evervwhere! ‘Throughout the years an ever increasing number of
Hams, beginners and old-timers alike, have come to consider Harrison as the one really
dependable Amateur supply company. There must be a reason—and there is! In fact,
there are several.

@ l'rompt, intelligent SERVICE that makes mail order buying a
pleasure!
Prices that actually mean more watts per dollar!
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Diagram of the complete modulator and power supplies

2—7 x 17 x 2}4 inch chassis, with bottom plates and
one cane type cage, black crackle finish

6-—Bakelite wafer sockets, octal

1—6F5 tube 3—6C5 tubes

2—6L6 tubes

1—83 tube
1—80 tube
l—<crystal microphone

UNIVERSAL POWER SUPPLY

FOR THE HAM

@® THE problem of supplying voltages to
a transmitter is constantly confronting
the average amateur.

In most cases two separate power-sup-
plies were used; one furnishing low voltage,
that is around 500; another supplying the
high voltage, usually around 1,000 to 1,500
volts. It is also possible to obtain the same
results with a single power-supply by using
a tapped voltage divider. However, this
latter method is electrically unsound be-
cause of the poor regulation afforded and
power wasted. The low-power stages suffer
when the high-voltage amplifier is keyed.

The new special triple-winding trans-
former which is described in this article,
and shown in the photographs, permits the

entire problem to be solved economically
and in an electrically sound manner.
In most of the amateur stations where the

Bottom view showing the wiring.




ou’'re just starting out in this fascinating
held called radio. A lot of thrills lie ahead
or you and possibly a good many
isappointments, One of the most import
hnt component parts utilized in any radio
ircuit is the ndenser. Disappointments
Hue to condenser failure have been avoided
by those “who know their way about in
radio” by standardizing on Cornell-
Dubilier Capacitors.

here are a lot of sound technical reasons
vhy C-D Capacitors are “Tops’’, but what
ould be more convincing that this: En
ineers the world-over specify C-D

WELL-DUBILIER

Leethic

DYKANOL TRANSMITTING
CAPACITORS-—TYPE TJ

Of proven dependability,
these hermetically sealed
capacitors are Dykanol im
pregnated and filted Uni
versal mounting bracket per
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right m tit Available
a comple « Cif ra
up to 23. v D.C.

MOLDED MICA CAPACITORS
TYPES 9 & 4
Constructed of the finest se-
lect India mica. Special
Bakelite composition molded
under pressure hermetically

seals condenser section

MICA TRANSMITTING
CAPACITORS--TYPE 36
Hermetically sealed in glaz-

ed, non hygroscopic  cera
mic containers Available
from 2 0 1: volts

Whether radio is going to be
you, or your life’s work, begin right
Cornell-Dubilier Capacitors for Quality, Performance,
Dependability.
For listing of the entive €-D line of Capacitors write for
Cat. No. 151-4, [ree on request. €C-D capacitors are avail-
able at all Cornell-Dubilier authorized distributors.

DYKANOL FILTER
CAPACITORS—TYPE T
Hermetically  encased in
round aluminum containe
Oil impregnated and filled

PAPER FILTER CAPACITORS

‘TYPE PE
Paper di€lectric capacitors
with a hig e f
margin ge

breakdown.
DRY ELUCTROLYTIC
CAPACITORS=TYP¥, JR

The latest etched f
velopment in the industry
Small, c act, triy ealed

in silvered containers.
PAPER TUBULARS
YPE DY
Long recognized as the fin
est in the field, DT
Tubulars a tensively
utilized by leading set manu

“Just A Hobby” with
insist on
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South Plainfield, N. j.
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connections.

average power output is around 100 to 250
watts, two voltages are required, 500 and
1,000. The 500 volt potential is nsually ap-
plied to the oscillator and huffer stages,
while the 1,000 volt supply furnishes power
for the final amplifier alone, and it was for
this particular purpose and arrangement
that this power-supply was designed.

Here we have in effect, two power-sup-
plies employing only one transformer for
the high voltages and using three type 83
rectifiers. A switch is also provided so that
a single output of some 1,600 volts may be
obtained if needed; however, this does
away with the low voltage supply. Else-
where in this book we describe a transmit
ter which can satisfactorily employ this
particular power-supply. The transformer
which supplies the various filament volt
ages contains two 6.3, 7.5 and a 5-volt wind
ing. One 63 and the 7.5 windings are
both employed.

By employing a rather long filament
cable, the voltage is dropped to around 1044
volts which is entirely satisfactorv. The re-
maining 6.3 volt winding is employed for
the low-power stages. Each output section
of the power supply will provide the volt-
ages indicated in the diagram at 250 milliam-
peres, this i1s entirely satisfactory for al
most any medium power amateur trans
mitter,

Numerous other combinations may be em-
ployed aside from those shown in the dia
gram. The only variations we found neces-
sary were the double-throw switch for

Amateur Conrse

Top view of the Multi-purpose power-
supply.

switching from one single output, at 1,600
volts, to two delivering 500 and 1,100 volts,
together with three taps on the primary
I'he voltages shown in the diagram are
obtained by employing tap No. three on the
primary. Taps one and two will give cor-
respondingly lower voltages

-1 in the diagram is a triple winding,
S-volt filament transformer, and permits
the many combination hook-ups with this
power-supply. The filter section of the sup
ply may seem rather meager; however.
careful examination has shown that a
single choke and condenser is entirely suf
ficient to provide an absolutely pure note
from an efficiently designed transmitter.

Of course, thie erystal when used in the
oscillator circuit goes a long wdy toward
ironing out any ripple that might he caused
by the power-supply.

Tests on the air with a number of trans.
mutters proved that this power-supply gives
a perfect note, and one need not incorporate
addi'tional chokes or condensers in the filter
section,

Parts List—Power Supply

winding transformer (250 ma.)

1 4-winding hlament transformer, see text

1 3-winding hlament transforme:

14 henry-—250 ma. filter chokes

50.000 ohm-—30 watt resictor

25,000 ohm-—-50 watt resistor

2 mt. 2,000 volt filter condenser

2 mi. 1,000 volt filter condenser

17 by 12 by 3 inch crackle hinished chassis
4-prong wafer sockets

1—Triple
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AN EFFICIENT

125-WATT MODULATOR

USING 35T’s

Complete view of modulator and speech

equipment, together with an “inside

shot™ of the high-power stage and its
power-supply

@® IN previous articles we have described

transmitters ranging from 100 to 300
and 400 watts input, and all of these trans-
mitters are capable of phone operation. The
modulator described in this article is a fit
ting addition to any one of the previously
described transmitters.

The modulator consists of two units; one
is a combination speech amplifier and driver.
consisting of three 56’s and two 2AJ5’s
connected in push-pull class A. The class
B power stage employs two Eimac 35-T’s,
with from 1,000 to 1,100 volts on the plates
and is capable of an output of over 125
watts.

Referring to the diagram, we find that
we start out with a crystal microphone and
three stages of triode amplification. Re.
sistance coupling is used to permit good
quality, and if the values given in the dia-
gram are followed carefully, tliere will "be
no danger of instability or feedback. The

plate circuit of each «f the amplifier tubes
contains a resistor, condenser and filter.
The third triode is transformer coupled to
the 2A5's. Transformer coupling is used in
this position to simplify construction and
design. The 2A5's in push-pull serve as a
driver stage for the 35-T’s. The 2A5's with
from 250 to 200 volts cn the plates are en-
tirely adequate for driving the final class
B stage. Slightly better quality would be
possible with a pair of 2A3's or 45's in class
A. However, the combination shown in the
diagram provides excellent quality, that is
as good as can be found on the amateur
bands, and we must agree that tliere are
many fine phone stations now in operation.
The cutput transformer of the 2AS5's is a
universal affair, designed to match the 2A5's
into various loads from 500 ohms down-
ward. Therefore, the input transformer on

Top and bottom view of the “speech
amplifier” and ‘““driver” unit.




Condensers and Resist-
ors for every radio
need—PLUS that extra
measure of quality es-
sential to long and de-
pendable service. That’s

the AEROVOX story.

Qur latest 32-page catalog,
obtainable at your local
supplier or from us direct,
gives all the detuils.
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70 Washington St. TR Brooklyn, N. Y.




88 Radio Amateur Course

the class B stage i1s designed to couple a
low-impedance line to the 35-1’s. ‘i'he 500
ohm line was chosen and provides the best
all-around results. T'he turn ratio of the
input transformer should be 2.8 to 1 step
up from the 500 ohm line.

In a good many cases the driving stage
and even the voice amplifier stages are in-
cluded in the same unit with the high-power
class B stage. While this can be done suc-
cessfully, 1t i1s much more advisable to fol-
low the arrangement there described, which
permits the modulator stage to be mounted
in the rack with the rest of the transmitter
and the speech amplifier and driver on the
operating desk, well out of the field of the
transmitter. In this respect there is less
likelihood of it picking up R.F. and, at the
same time, the amplifier is located close to
the microphone where the gain control is
readily accessible.

Referring to the photograph of the
final-amplifier stage, we find that here too,
the power supply is mounted on the same
chassis with the amplifier. T'Ilns power-supply
makes use of a transformer which has a lngh
and low primary tap, providing an output
of 1,100 volts on one tap, and some 1,400 on
the other. Either may be used with the
audio transformers listed 1n the parts hst.
However, some jugghng of the load 1m
pedance on the 351 class B stage will be
necessary when the higher voltage 1s em
ployed. In other words, tie 6,000 ohm ont
put tap may have to be used with a load 1
pedance as high as 8,000 ohms 1 order 1
reflect the proper load into the 35-1"
However, we recommend adhering to the
1,000 to 1,100 volt supply for best all
around results, unless the input of the mod
vlator amplifier 1s 1 excess of 500 watts
and cannot be applied to the modulator

CRYSTAL MIKE 56‘

5, ooo
Mssos OHMs 1
’

p*r 10 MF.
T —x
25v

!&» TR

&

Diagram of the speech

The power-supply, the speech amphfier
and driver stage are all included on the
same chassis. Reference to the photograph
will show the general construction of this
unit. Any fairly high-gain audio amplifier
with an output of approximately 7 to 8
watts will drive the 35-T's, and if such an
amplifier is readily available completely
constructed matters are greatly simplified.
There are a number of 6 to 8 watt high-gain
amplifiers now being sold by various radio
supply houses which can be purchased just
as cheaply as they can be constructed, and
any of these which have a 500 ohm output
winding will work satisfactorily with the
class B stage.

amplifier and driver

tubes. With the plate voltage indicated in
the diagram, the plate meter on modula.
tion peaks will show about 180 to 190 mil-
liamperes; higher values than this should
not be permitted.

The output transformer emploved with
these tubes was designed to be used with
the type 800 tubes. Since the load impe-
dance of the 35‘T's with the voltage speci
fied in this article is slightly less than the
value for the 800's, the load impedance rep
resented by the final amplifier input should
be slightly less than the values indicated
on the output taps of the transformer. For
instance, the 6,000 ohm tap should be used
for a load of slightly over 5,500 ohms for
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Diagram of the Class ‘B stage and its “power supply.”

a perfect match. However, such a slight de-
viation will not impair the quality at voice
frequencies, and for all general purposes

Parts List for Modulator

Speech Amplifier and Driver.

1—S5 meg. resistor—b,z-watt.

2—5.000 ohm resistors—1-watt.

2—100.000 ohm resistors 1-watt.

2—25,000 ohm resistors 1-watt.

1—.5 meg. resistor l3-watt.

1—2.500 ohm resistor 1-watt.

1—10.000 ohm resistor 1-watt.

1—250 ohm resistor 2-watts.

1—.5 meg. potentiometer.

1-—50,000 ohm 50-watt resistor.

2—.1 mf. condensers.

3—10 mf. electrolytic condensers.

3—4 mf. electrolytic condensers.

3—8 mf. electrolytic condensers (wet

1—push-pull input transformer, T-52.

1—push-pull output to low impedance line, T-105.

2—30 henry 90 ma. filter chokes, T-153

l1—power transformer 250
put, 90 to 100 ma.

3—5 prong wafer sockets.

2—6 prong wafer sockets.

1-—4 prong wafer socket.

500 volts).

o 300 V., D.C., out-

the tap may be connected into loads simi-
liar to the listings on the transformers.

1—0D)-104 crystal microphone.

3—Type 56 tubes.

2—2A5 tubes.

1—83 V. tube.

1—Amglifier foundation unit chassis and cover. Class
B power stage.

1—Input transtormer T1-261; variable ratio 500 olims
to class B grids.

1—T-460 output transformer with tapped secondary.

1—T-357 filament transformer for 35-T's.

1—T-352 filament transformer for 866's.

1- ~T§65 plate transformer 1,180 volt output,
primary tap.

1—T-511 swinging choke.

1—2 mf. 2,000 volt oil condenser.

1—50,000 ohm 100-watt resistor.

1—0-250-ma. meter, large bakelite case.

4—4 prong sockets.

1—17 by 3 by 11 inches chassis black crackle finish.

1—10 by 1034 panel, black crackle finish.

2—Eimac 35-T's.

2—866 Jrs.

with
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21, to 4000 METER TRANS-RECEIVER

Lager acceptance on the part ol its pur-
chasers singles out the Ultra Stratosphers
“10” as the value of the year. The number
of letters ol appreciation was far greater
than normally expected 1o prove that dollar
for dollar the many purchasers of the Ulira
Stratesphere “L0” found it a wise invest-
ment. Long lists of verilied stations received
with this amazing unit will make even the
most successful JLX. listener enthusiastic
ol its performance. Deseribed in detail Page
295. Octoher issue Short Wave & Television,
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*Tone control.
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THE

C-0-M 150 WATT

® THE trend of late has been toward com-

pact ad simplified transmitters. This,
of course i1s due to popular demand but it
is only made possible by the increased
efficiency of our transmitting tubes. This
transmitter is really compact and efficient,
and above all is very simple to build and
operate. The output consists of a pair of

Top: Front view of the complete 150-
watt Transmitter. Center: A peek at the
rear of the 150-watt Transmitter. Note
that the final-amplifier plug-in coil is
mounted between the two sections of the
split-stator condenser. Lower photo
shows bottom view of Transmitter,

TRANSMITTER

RK 37's in parallel with an RK 39 driver.
The ctystal-oscillator circuit is built around

the “old-faithful” 6L6. The entire trans- '

mitter, exclusive of power-supply of course,
is built on a 8 by 17-inch chassis, with a
834-inch panel 19 inches long. The complete
power-supply unit for this transmitter could
easily be built on a similiar size chassis
and panrel, making a complete job of small
dimensions and capable of putting out a
really “husky” signal. The transmitter is
simplified and easy to construct and operate.

New Frequency-Doubling Cirenit!

From the diagram it would appear that
the crystal-oscillator is a conventional tet-
rode arrangement, however careful exam-
ination and operation prove it to be quite
the contrary. The plate circuit of the 616
oscillator may be tuned to either the crystal
frequency or the second harmonic (twice the
crystal frequency,. It will be noticed that
the diagram shows a 400 ohm cathode bias
resistor with a 140 mmf. variable condenser
connected across it. This mav seem rather un
usual, butitis this trickthat permits frequency
doubling in the oscillator with only one tuned
circuit. With the 140 mmf. set at mid-scale,
the crystal will oscillate regardless of the fre-
quency at which the plate circuit is resonant.
The condenser shunted across the cathode
biasing resistor could have been made fixed;
however, different crystals require slight
changes in this capacity, Also when doubl-
ing n the plate circuit a slightly different
adjustment is required over that which pro-
vides stable operation when the plate cir
cuit is tuned to the crystal frequency. This
400 ohm biasing resistor in this particular
transmitter is a wire-wound affair, and we
also note that the shell of the 6L6 is con-
nected directly to the cathode. These were
not according to schedule, for originally
the 400 ohm cathode resistor was a metal
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W g EVERY AMATEUR SHOULD

KNOW ABOUT ... ..

Nothing is more essential to your Transmitting Con-
densers than the right oil. On this oil depends their
ability to dissipate heat, resist moisture, perform
satisfactorily over a long period of time.

Thus, in analyzing oils of many types for Sprague
Transmitting Condensers, we paid special attention
to the oil used to impregnate the transatlantic
cables. Here, there could be no failure. Here, none
but the very best would do . . . As a result, we
used this same identical oil for our Condensers. We
demanded the best—and got it! This Sprague oil
has no trick name—but it is the best oil for the
purpose BAR NONE,

Use Spragues—and note the difference!
« UNCONDITIONALLY GUARANTEED -

Spragve Transmitting Condensers are oil-filled,

oil-impregnated, cylindrically wound and con-
structed with ample safety factor. They are
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down when used as specified.
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Dingram of the Class-B8 stage and its “power-supply.

lized affair and the shield of the 6.6 wa:
connected to the “B” negative. This wa:
it the original experimental oscillator and
it performed excellently, and there is more
than sufficient output on the second harmonic
to excite a pair of RK39's in push-pull. When
the original idea was incorporated in this
finished transmitter it was found that after
the rig was tuned up, the crystal would not
start oscillating when the 61.6 and 39 plate
voltages were switched on at the same time,
In other words, it would have required
two switches to be thrown each time it wa:
put on the air during a QSO. This was a
rather bothersome arrangement, so the
shield was connected to the cathode to pro-
vide a slight amount of feed-back which
started the crystal off even when the two
stages were turned on simultaneously. In
the original circuit, as in this one, we em
ployed a 60 ma. two-volt pilot-light bulb
connected in series with the crystal to in-
dicate crystal current, and also as a pre
cautionary measure. Should the crystal cur-
rent rise above 75 or 80 ma. the bulb
will blow, thus acting as a fuse .This 60 ma.
bulb in the original experimental model
showed no signs of glow, not even a dull
cherry red, when the plate circuit was tuned
to either the crystal frequency or the sec-
ond harmonic with the plate circuit of the
oscillator unloaded.

However, with the arrangement shown
in the finished transmitter, there will be a
considerable indication of crystal current
when the plate circuit is unloaded, and when
tuned to the crystal frequency; although in

the finished transmitter the plate circuit
in the oscillator i1s permanently *loaded,”
and therefore there is practically no indi-
cation of crystal current as would be evi
denced by a glow in the lamp

Should any reader desire to follow the
orizinal arrangement, we believe it offers
the maost perfect oscillator and multiplier
arrangement so far developed. We would
recommend of course, that the shell of the
6.6 be grounded and link coupling used be.
tween the 6L6 plate and the tube which the
oscillator is to drive. Even with 600-volts on
the plate of the oscillator, absolutely nc
indication of a glow was present in the pilot
light, either with the plate circuit loaded
or unloaded, and it makes relatively no dif.
ference whether the 400 ohm resistor is
wire-wound, metallized or even of the car-
bon type. With this circuit, or course, a
good active crystal must be used. Many of
the cheaper and not accurately ground
crystals will, of course, fail to start off in
this circuit. But this is no drawback, be-
cause even good crystals are relatively in-
expensive at the present time. So much for
the oseillator circuit.

The 39 Stage

Progressing to the 39 stage of the trans-

mitter we find that it is a conventional

tuned-plate affair and it is capacity-coupled
to the oscillator. This stage is thoroughly
capable of driving the two RK 37's even
when the 39 acts as a doubler, for it is pos-
sible to drive the grid current to 65 milliam-
peres in the final amplifier, which is con-
siderably greater than the manufacturers
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The KENYON “T” line of audio and
power components includes a number
of Universal Transformers which en:
tirely eliminate obsolesence. Solves
the amateur’s problems in an econ-
omical manner. Low in price yet built
to stand the gaff.

KEN-O-TAP

UNIVERSAL MODULATION TRANSFORMER
The Reliable Solution to the Modulstion Problem

KEN - O - DRIVE

UNIVERSAL DRIVER TRANSFORMER
The Modern Answer to Critical Driver Operation

KEN - O - LINE

UNIVERSAL SPEAKER OUTPUT TRANSFORMER
The Precision Method of Matching Output Tubes to Speakers

KEN -O-DYNE

UNIVERSAL LINE TO SPEAKER TRANSFORMER
The Efficient Coupling Device from Universal Line

BEFORE BUYING A PLATE TRANSFORMER GET THI
DOPE ON OUR TRIPLE WINDING TRANSFORMERS.
THESE NEW UNITS PROVIDE OVER 30 VOLTAGES
RANGING FROM 400 TO 3,000 VOLTS.

Beginners and old timers
agree that the Kenyon
Amateur Transmitter Man
ual is the most popular
manual published to date.
Contains design details for
the construction of phone
and V. transmitters
Includes 13 pages of radio
data, formulae, conversion
tables, inductance calcula

KEN VON

MANY OF THE ARTICLES IN THIS BOOK UTILIZ}
KENYON COMPONENTS. THEREFORE IN ORDER TO
OBTAIN EQUIVALENT RESULTS SPECIFY KENYON.

CATALOG OBTAINABLE FROM YOUR DEALER
OR

Chief Engincer—Amateur Division

KENYON TRANSFORMER CO. Inc.
840 Barry Street, New York, N. Y.
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recommend for efficient operation. It is very
important that the RK 39 be shielded. The
shield should extend up to the top of the
tube and should not fit too closely around
it. Also it is advisable to have a numbe:
of holes around the bottom and top of
the shield in order to provide adequate
ventilation. The final amplifier 15 also very
simple and conventional. It is capacitively
coupled to the driver stage in order to
simplify matters.

The two tubes were used in parallel in
an effort to further simplify the transmit
ter, for in push-pull an additional tuned
circuit would have been required, and the
plate circuit of the driver would also have
been more complicated. Down to 10 meters
there is apparently no difference in the out
put of the 2-tubes, whetlier they are con
nected in push-pull or parallel. The plug-in
coils for the oscillator and buffer-doubler
are wound with heavy tinned copper wir
on R-39 forms. The plate coil of the final
amplifier is wound on the new XR form:
and presents a very convenient arrange
ment, inasmuch as this coil and its mount
ing can be mounted directly on the tuning
condenser.

Plate Current Values
A rough indication of what might be ex

pected in the way of plate currents in the
various stages will undoubtedly help the
reader in knowing whether or not his trans
mitter is functioning properly. The oscil
lator under load should have a plate current
from 30 mills when operated at the crystal
frequency and 40 to 45 mills when the
plate circuit is tuned to the second har-
monic of the crystal. The RK 39 plate cur
rent will be around 10 mills with the key
af the final amplifier open, and when
the 39 is used as a straight amplifier, and
about 20 milliamperes when it is used as
a doubler. With the final amplifier deliver
ing power to the antenna the plate cur-
rent of the 39 when operated either as a
doubler or straight amplifiers will be in the
neighborhood of 80 to 90 milliamperes.

The final amplifier with the plate circuit
unloaded should show a plate current of
around 15 to 20 milliamperes and with
1,000 volts on the plate, under full load
the plate current should not exceed 200
milliamperes. With 1,250 volts on the plate
of the tubes, 190 ma. will be approximately
correct.

There is no fixed bias on the final ampli-
fier, and therefore the key should not be
closed unless excitation is being applied to

the grids of the two amplifier tubes. How-
ever, if anvone bulding this transmitter
happens to be using the vacuum-tube “key-
me” arrangement, there will be sufficient
antomatic bias due to the voltage drop
the keyinyg tubes, to furnish enough
rid Dbras to elmnnate all danger, should
the excitation fail at any time with the key
losed. This is another good feature of the
tube keying arrangements
I'he final-amplifier can be used as a
doubler-stage at  considerably reduced
power output, but it would be best to al
ways use it as a straight amplifier. If used
A8 frequency doubler, the grid resistor
hould be increased from the present 2,000,
to 3,000 or 4,000 ohms. Also, the plate
current should be kept down to approxima
tely 135 or 140 ma., otherwise the tubes will
be dissipating too much power, and “short
life’ will be the result.

Parts List— 150 Watt Transmiter

7-—.001 mf. mica cond. (1000 V.)
2.~ 01 mf. mica cond. (1000 V.)
100 mmf. mica cond. (1000 V.)
001 mf. mica cond. (5000 V.)
150 mmf. var. cond
100 mmf. var
100-100 mmf. var.
neutralizing cond.
140 mmf. var. cond
prong coil forms
coil forms
plug base
plug socket
prong sockets
prong socket
prong sockets
2.5 mh. RF chokes
1 mh., RF choke
2000 ohm 10 watt resisto:
00 ohm 10 watt resistor
50,000 ohm 20 watt resistor
4,000 ohm 20 watt resistor
10,000 ochm 20 watt resistor
400 ohm 20 watt resistor
20,000 ohm 20 watt resistor
2000 ohm 20 watt resistor
100 ohm center-tapped resistor
1—0-100 ma. meter (small)
1—0-200 m:i. meter (small)
1—6L6
1—RK39
2—RK37
1-—834 x 19 inch black crackle panel
1—8 x 17 x 2 inch black crackle base
crystal holder
60 ma. 2 V. pilot light
socket for pilot light
single closed circuit jacks
phone plugs (for meter and key)

Coil Data for Xmitter
*Osc¢ and buffer coils

e i Sy O Y S DU SU DU I,

1O 4 e —

Band Turns Wire
80 m. 30 No. 18 tinned
40 m 16 No. 18 tinned
20 m 743 No. 16 tinned
*Wound full length on R39 form
* final amp.
Band Turns Wire
80 m. 40 No. 18 tinned
49 m 24 No. 16 tinned
20 16 tinned

16 No.
*Wound full length on XR13 form




—

Quod Lkrat Demonstrandum

as the Latins used to say, means “that which has
been proved,” and this eertainly applies to CEN-
TRALAB. An ever-improving line of radio parts
manufactured since 1922 justifies this quotation.

’-’«» | Radiohm

_ variable resistors for smooth, quiet control

, of volume, tone, sensitivity, or regeneration.
- Improve old equipment and insure best per-
formance in new. Available in values from

500 ohms to 3 megohms in six different re-

STANDARD RADIOHM sistance tapers.

' Selector Switches

| in assembled or kit form for any normal se-
| lector application. Available with bakelite
insulation for ordinary requirements and
Isolantite insulation for best efficiency at
high frequencies. All switches have adjust-
able stop allowing choice of two to eleven
positions. Wide variety of contact arrange-
ment provides correct switching sequence
for any application.

Fixed Resistors

that are “baptized by fire” at 2500° F. in the
making. Available in 175, 1 and I, watt
sizes in all values from fifty ohms to five
megohms. The resistor cross section shows
the jacket type construction that protects
the conducting core against breakage and
humidity changes. The small diameter core
assures low noise level and constant value
over wide ranges of requency and voltage.

FREE: Your copy of catalog No. 1001, just off the press. Details of
these and other Centralab products are included. Send for yours today.

CENTRALAB

900 EAST KEEFE AVENUE MILWAUKEE, WISCONSIN
BRITISH CENTRALAB, LTD. FRENCH CENTRALAD CO.
Canterbory Rd., Kilburn 118 Avenue Ledru-Rollin

London, N.W.6, England Paris XI, France
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POWER SUPPLY FOR LOW
POWER TRANSMITTERS . .

@® ON the front of the power-supply panel
we have two switches and a pilot light
One switch for turning the entire supply

on and is connected in the 110 volt line, !
while the other breaks the center tap of the 5 sv 34 S04 7 B0\ .
high-voltage winding on the transformer C 1 .1
allowing the B voltage to be removed for LA — -
stand-by purposes during comu.unication | = (+4 3'“’4- -
The power-supply panel is of the same di X voe . i
mensions as most others being 7x18 inches .
and is fastened to a 2 inch sub-base. )
The power transformer is a combination > a5 | ::1:
filament and plate transformer. The high o LR AR
voltage secondary is 625 volts either side of / 1 '
the center tap. There is one 5-volt, 3 ampere ( ) { }
winding for the rectifier and two 6.3 vol s % N~ A
windings at 3 amperes each.

In this particular unit we used a heavy- Disgram of pover-supply

duty type 80 tube together with choke in-
put in the filter system, in order to limit
the output voltage to a value of around 425 e —
to 450 volts.

An 83 mercury vapor tube may be used to
advantage because of the higher voltage it
would provide. The two filter choke coils
are rated at 11 henries at 300 ma. current
carrying capacity. While the transformer
is only rated at 250 ma., these chokes
were used because they were designed a
companion units to the transformer

For the filter condensers we used 8 mf
electrolytic condenser with a 500 volt peak
rating. Two of these were connected in
series in each section, resulting in 4 mf
capacity with a working voltage of well
over 800, thus allowing a good ‘“safety
factor.”

With the use of two filter chokes and
the condenser arrangement shown in the
diagram, absolutely pure D.C. is obtained
at 250 mills. The output of the filter system
is loaded with a 25000 ohm, 50-watt wire
wound resistor in order to prevent voltage
surges and improve regulation.

Parts List

l1—power transformer (for rating see text)
2—chokes (see text) )

4—8 ml. 500 volt electrolytic condensers
125,000, 50-watt wire-wound resistor
1—7x19x%4 inch crackle ﬁm’sh steel panel Top and bottom views of power unit.
1—2x11x17 inch crackle finish chassis

1—26 inch standard relay cabinet, crackle finish

2—toggle switches

3—4 prong wafer sockets

1—type 83-V. ¢r 1 type 80 rectifier tube




“The Standard
by Which

others

Are Judged and Valued”

Every Engineer and Experimenter in any way concerned with pick-ups
should choose only after strict comparison . . . and then his choice will
naturally be AUDAX. As pioneers in this field and sponsors of many
refinements which have become “regulation” with other good manu-
facturers, we offer you MICRODYNE as the greatest forward stride
since the advent of pick-ups in 1926. The astonishing facsimile perform-
ance of this truly WIDE-RANGE system,—over the full audio range—
under all climatic conditions, has won the acclaim of Sound Authorities
everywhere. Recording-microphone fidelity at the pick-up! And why
should you accept less!

57,50 to $26°.°° List A pick-up for your every need, from

the humblest portable to the most
exacting transcription requirement and each AUDAX
model delivers wider range, truer fidelity and greater
stability than you can secure elsewhere at any price

NEW PROFFESSIONAL CUTTERS FOR FINE INSTANTANEOUS RECORDING.

Weite for your sopy of “PICK-UP FACTS"

ATUTIDAI CcOVIEPANY
500 Fifth Avenue New York
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@® !IT is now possible to build a well
stabilized transmitter with fairly respect
able output for as little as a good modu:
lated oscillator of the present-day design
would cost. The new 6L.6 beam tube which
has been featured in other transmitter art
icles has been found to give excellent per

Two photos ubove show respectively top

and bottom views of the 5-meter MOPA,

utilizing two of the new 6L6 Beam
tubes.

formance on the ultra-high frequencies. In
the transmitter shown in the photographs,
and outlined in the diagram, we use only
two of these tubes—one as an electron-cou-
pled oscillator with the grid circuit tuned
to 10 meters and the plate circuit tuned

Radio Amstear Course

S5-UWETER
MOPA

to 5. T'his, in turn, drives a 6.6 as a straighi
amplifier on 5 meters. Both tubes Liave the
same plate voltage applied to them, and run
with nearly the same input. The S5-meter
output of the oscillator is more than suf
ficient to drive the 6L6 amplifier and per
mits an untuned loosely-coupled grid cir
cuit, further isolating the two stages.

As a tritet oscillator on 10 meters, the 6L.6
exhibits excellent stability characteristics
The oscillator, after the tube has once been
heated, does not shift frequency when it
is switched on and off. The amount of creep
ing has been found to be less than a mult
stage transmitter using a low-frequency
crystal and operating on 5 meters.

“Crystal-Siability” Reporied

A regular “communications’” type receiv
er, operating with 5-meter converter
proved that this transmitter had no fre
quency modulation and even when the cry
stal filter was in the circuit, the thousand-
cycle beat note did not vary during com
plete modulation. With from 400 to 425
volts on the plates of the tubes, the fol-
lowing voltage and current readings are rec-
ommended, when the amplifier is delivering
power to an antenna 50 ma.; oscillator
screen, 250-275 volts; oscillator screen cur
rent, 12 ma.; amplifier plate current, 70-80
ma.; screen voltage, 150; amplifier grid cur
rent, maximum 10 ma—miniunum 6 ma. It
is important that the grid current be held
between 6 and 8 milliamperes for maximuin
efficiency and proper modulation capabilities
of the amplifier. The amplifier plate current,
when not delivering power to the antenna,
will drop to approximately 29 ma. As the
grid current is driven higher than 6 or 8 ma.
the plate current will swing lower than 20
ma., but the power output will decrease.

Detuning the amplifier circuit will show
a rise in plate current up to approximately
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UTAH ADD-A-UNIT

TRANSMITTER KIT

Less tubes,
meters, crystal

/" | ONTARIO, CANADA

Here's a rig that really packs a wallop!

It has twice the power of other similar trans-
mitters—yet costs a third less. I’s fun build-

ing it yourself. All parts cut and punched
to fit. Sensational new circuit. Every part
proved and tested by UTAH, so you KNOW
i’s right. You’ll always be glad you started

80 watts input
Completely self-contained
10-20-40-80-160 neter hand
Sensational new circuit

with this professionally styled transmitter.
Later on you can plug in additional UTAH
kits and have a complete 400 watt Phone
I'ransmitter! Start now and start right with
this UTAH kit. See your UTAH dealer or
write direct to us—TODAY! Address de-
partment CB.

Additional units plug in
Uses standard tubes
Simply-easily consiructed
Lowest prices
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125 ma. T'he amplifier is still capable of sup
plying more R.I'. to the antenna when
loaded to over 100 ma. plate current. How-
ever, for efficient operation it is recom
mended that the plate current be kept be-
tween 70 and 80 milliamperes. In the dia-
gram we notice that the final amplifier 1s
neutralized by tapping off one turn of the
plate coil and using a 35 mmf. condenser.

o

1oV _AC

Radio Amateur Course

there 1~ no need for automatic bas, How
cver, it may be incorporated should anyone
desire 1t. The value of the biasing resistos
should be somewhere around 100 ohms and
be by-passed with a .00l mf. condenser.
Adjustment of Transmitter Not Critical
The cathode tap on the oscillator grid
coil is somewhat critical and if the dimen-
sions given in the drawing are carefull
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Wiring diagram of the “W2AMN 5-meter MOPA”

The Question of Neutralization

Experiments have proven that neutraliz.
ing is unnecesary when the tube is being
excited properly, and particularly with the
untuned, loosely-coupled grid circuit. Neut-
ralizing is employed merely as a matter of
precaution against pessible changes in tube
design. In each case, the cathodes, the metal
shell of the tubes, and one side of the heat-
er circuit are connected together and
grounded to the “B” negative. The other
side of the heater circuit is by-passed with
a .00l mf. condenser. It is very important
that the screen, plate, and heater by-pass
condensers be connected close to the cir-
cuit to be by-passed and with very short
leads. Also, in the diagram we show that
the plate and screen are modulated simul-
taneously. It has been found that the
plate could be modulated alone and the
screen tied down to approximately 150 volts.
Grid-leak is used in the amplifier stage
and is the only method which will give
satisfactory performance; fixed bias is not
recommended in this case. No automatic
biasing is incorporated in the cathode cir-
cuit because the oscillator and amplifier
are switched on and off at the same time.
And since it is almost impossible for the
electron-coupled circuit to drop out of os-
cillation, as may happen with a crystal,

followed, this tap should be exactly 14
turns from the “B” minus side of the coil
Outside of this there is no critical adjust
ment in the entire transmitter, and no one
should have any trouble in obtaining excel-
lent results. Measured power output of the
final amplifier stage was just slightly over
20 watts, with approximately 35 watts in-
put to the plate circuit.

In the power supply portion which is
built on the same chassis, as the R.F. unit,
we have used an ordinary receiving type
transformer. This transformer was rated
at 365 volts each side of center-tap at 145
ma. With 8 mf. condenser input and low-
resistance choke, this power supply deliv-
ers slhightly over 400 volts to the trans-
mitter. If a 450-volt transformer were
used, it would be necessary to employ choke
input in order to reduce the voltage. We
do not recommend that over 425 volts be
applied to the plates of the tubes. Almost
any antenna may be used in conjunction
with this transmitter. 1f the transmission
line to the antenna is untuned, then one or
two turns should be used as a coupling coil.
The arrangement shown is for tuned
feeders.

During the tests a vertical 8 foot rod,
with a single-wire “feeder” tapped approxi
mately 13 inches off center was used. This
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Circuits and construction are
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ceivers with which the radio
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was chpped directly to the plate coil about
three turns from the plate side. With this
arrangement no coupling coil is necessary
The audio requirement for this transmitter
1S exceptionally modest. 15 to 18 watts
should do very nicely and tlis is obtainable
from a pair of 6L.6's or a pair of 2A5's in
class A-B.

This transmitter has been in operation
for about 24 months, and every one hear
ing it, without exception, has expressed
the most flattering compliments regarding
the high quality and stabidity of the signal.
Several of these amateurs were using re
ceivers with a selectivity which permitted
only the most stable signals to come
through. It is now possible to construct a
low-cost stubilized 5-meter transmitter that
cun be compared in quality with any other
transmitter of amateur design operating on
any band. This may seem like a “broad

A FOLDED DOUBLLT

® THE antenna shown herewith 1s in use

at the writer's station. I thought that
it might be of interest to amateurs who de
sire the directive advantages of an “array”
without having the required space. To the
best of my knowledge this antenna has not
been described in any publication,

LARGE STAND-

~—2f - OFF INSULATORS
AfTl! i
|
1
ANY 0
LENGTH /J)-o
I'olded Tloublet which has shown fine

resulis.

It is suitable for either 5, 10 or 20 meter
operation and even on 20 meters takes up
a space only eight feet square,

At this station it is being used for 10
meter operation, and, at present, is installed
inside in the attic. The first experiments
were highly gratifying as a matter of fact

Rudio Amateur Courss

statemncnt,” but 1t 1s absolutely true, and
we know that of the Saneter “pgang” take
heed and construct something of this type,
the results will be a much happier S-imnetes
fannly, and we will them command the re
spect of amateurs on the other bands a
well as oproadcast listeners who are alse
histening 1o on the S meter band

Paris List

100 mmf. tumng condenser

20 nunf. tuning condenser
sphit-stator condeuser, 35 nuaf
35 mmf. tuning condenser
plate and hlament transformes
250 ma., 19 heury filter choke
1—0-100 ma. meter

1--20,000 ohm wire wound resistor, 15 walts
1—75,000 ohm resistor, 2-watt carbon type

001 mf. mica condensers, receiving type, Aetuvuy
001 mf. mica coundenser, 1,000-volt Aerovox
00025 mf. mica condenser, receiving type

8 proung isolantite sockets

per secltivn

(see text)

10 x 17 x § iuches electralloy chassis
8 mf. 300-volt wet electrolytic condensers
61.6 tubes

PO == N = =

ForR TRANSMITTING

the first contact made with this antenna
ws K6MVV in Hawai, a distance of about
5,000 mites!

At the time this contact was made the
antenna was directed broadside W.S.\W. We
received report of (OSA. R6-7 on this
contact with 60 watts input. We next swung
the antenna south and worked K4EPO re-
ceiving an R8 report in Porto Rico. Tests
were made with several other outdoor an-
tennas, namely a half-way vertical and three
half-waves horizontal. In all cases and in
cvery direction this simple loop antennas
provided as good or better reports than
could be obtained with any outdoor an-
tenna.

We also tried it for reception on 10 meters
and found that in many cases an R6 signal
could be brought up to R8 by swinging
the antenna broadside to the incoming
signal.

The constructional details are simple;
cut a doublet to a half-wave on the desired
frequency and bend it back against itself as
shown in the diagram. For example, on 10
meters each leg is 8 ft. 3 inches long. The
feeders used at this station consist of a
length of RCA cable that was originally
used for a doublet receiving antenna. I be-
lieve that the diagram will be easily under-
stood.

Harold B. Rhodes, W2IKW.
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A METAL TUBE

U. H. F.

® MANY of our readers are familiar with

the now quite popular resistance-coup-
led, ultra-high frequency superheterodyne.
Many questions have been asked about this
type of receiver and among the most prom-
inent, was whether or not metal tubes could
be used to an advantage. The writer con-
structed the receiver shown in the photo
graph for the express purpose of trying out
these tubes and comparing it with other re-
ceivers. We endeavored to keep this set as
simple as possible, not including some of
the fancier frills which may be added to al-
most any receiver.

There is apparently one distinct advan
tage in the use of metal tubes, and that is in
the thorough shielding. It is possible, due
to their small size and the fact that they re-
quire no shields, to make the set very com-
pact and still not crowded to the point
where operating efficiency would be sacri-
ficed. Conventional metal tubes were used
in the I.F. and A.F. portions. We mention
this because in the detector we used one of
the newer type which have an Isolantite
insulated grid connection; this will be dis.
cussed later.

Simplicity and Low Cost

The outstanding advantage of a receiver
of this type, of course, is in the simplicity
of its construction and its relatively low
cost. One building it is almost sure to ob-
tain excellent results, if the few hints given
in this article are followed. One need not
worry about the delicate task of aligning
I. F. transformers or similar adjustments.

The principle of the receiver is one of
the oldest; in fact, this was one of the first
types of superheterodyne receivers used.
The oscillating first detector works on the
autodyne principle, with a very low fre-
quency LF. amplifier, which has a relatively
wide band width. The range of the I.F. am-

SUPERHET

The 5-meter superhet pulling in “Ham"
phone stations.

plifier, in the neighborhood of 10 to 100
kc.,, means that the first detector may be
tuned anywhere betwecen 10 and 100 kc
either side of the signal frequency and still
permit reception. Or, looking at it from the
other side, the incoming signal may swing
from 10 to 100 kec. and still come through
the I.F. amplifier with relatively good qual
ity. This feature is what has made it ex
ceptionally valuable in the ultra high fre-
quency amateur bands, where modulated
oscillators are employed in the transmitters.

Television Reception Possible

A receiver of this type may also serve as
a forerunner for any one who is desirous
of experimenting with television reception
now that we have at least two stations in
the ultra-high frequency region broadcasting
television signals. RCA Empire State
Transmitter (in New York City) and Don
Lee Station in Los Angeles.

Getting back to the first detector, we find
that when it is tuned approximately to the
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The original receiver, using glass tubes,
required higher screen voltage and per
mitted by-pass condensers at points marked
“C” in the diagram. However, when the
metal tubes were installed, best results
were obtained with 14 meg. resistance in
the screen leads and no by-pass condensers.
Experiments showed that .001 mf. condens.
ers 1n position “C” increased the overall
volume of the signal, but with it the tube
noises also; thus the net result was just
about the same as without the condensers,

However, different constructional layouts
might prove to demand changes in this

Rear View, showing general construe-
tion.

part of the circuit, and we recommend that
the builder try condensers up to .1 mf. for
by-passing screen leads.

The receiver is housed in a 5x914x6 inch
metal cabinet and the chassis is 9x4x114.
The photos show top and bottom views and
indicate how the parts are placed.

Rudio Amateur Course

Note the neat wiring and placement of
resistors.

Antenna

Best results were obtained with the an-
tenna connected directly on to the grid coil,
at about 72 turn from the B negative end
No dead-spots were noticed with this rather
loose coupling, but should they occur with
other types of antennas, it is suggested that
a4 35 mmf. condenser be connected in series
with the antenna.

Parts List
1-—20 mmf. midget condenser (one plate removed)
4—.0001 mf. mica condensers
3—5 mf. electrolytic condensers
2—.01 mf. condensers
2—1 mf. condensers
7—% meg. ¥4 watt resistors
1—2 meg., 15 watt resistor
3—50,000 ohm, 14 watt resistors
2—400 ohm resistors
1—50,000 ohm potentiometer
1—500,000 ohm potentiometer
l—vernier dial
S5—laminated octal sockets
1 set of tubes, see diagram and text
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spring—a solid base that really ‘“stays put”’—big
silver contacts—Ilarge adjustment screws—in every
detail this key is the finest ever produced! You must
see it—at your jobbers. In no time at all you’ll be
sending out the kind of stuff they love to listen to.
Only $9.50—but don’t wait. Get yours now! Also
Standard Model. Same construction but with less
costly finish, $7.50.

IF YOU WANT A STRAIGHT KEY—just remember
this. * . . . the New 1938 Mac Straight Key is the
sweetest ever built.” It’s beautifully balanced, sturdy,
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Radio Operator of all time! 1iis
official receiving nspeed is 69
words per minute. Realizing per-
haps more than anyone clse the
limitationas of comnmercial tele-
uraph keys, Meklroy waoarked for
mnny years on perfecting this
important instrument. To Me.
Flroy's credit, he refusnd to
market a key until it not only
excelled any other, but until It
watinfiedd his own delirate sense
of balunce and ‘‘feel.’” Every
MAC ttem is designed, buile
tested and approved by Cham-
pion  MeFElroy himself. Every
MAC fem is un exelusive op-
portunity for both the beginner
or advaneed opsrator to improve
his eodo technique and efficlency.

T. R. McELROY

and designed to save your energy and your arm.
Priced so that every amateur can have one. Only
$1.50 at your jobber’s.

EVERY AMBITIOUS AMATEUR should have a MAC
HUMMER. This mechanical oscillator gives wonder-
ful performance—yet sells for only 31.50 to oper-
ators. With just a 414 volt C battery, you can get a
1000 cyele note as clear as a bell.

FOR A REAL PRACTICE SET—be sure you say
“MAC” to your jobber. He’ll give you the sweetest
outfit every made for this purpose. It’s a1 combina-
tion of the New MAC HUMMER and the New MAC
STRAIGHT KEY—all on one sturdy base. “It’s a
honey.” And the price? Only $2.95!
MAC-AUTO—World's finest electrical
transmitter—only $69,

automatic
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BOSTON, MASS.
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The original receiver, using glass tubes,
required higher screen voltage and per-
mitted by-pass condensers at points marked
“C” in the diagram. However, when the
metal tubes were installed, best results
were obtained with !4 meg. resistance in
the screen leads and no by-pass condensers.
Experiments showed that .001 mf. condens.
ers in position “C” increased the overall
volume of the signal, but with it the tube
noises also; thus the net result was just
about the same as without the condensers.

However, different constructional layouts
might prove to demand changes in this

showing general construc-
tion.

Rear View,

part of the circuit, and we recommend that
the builder try condensers up to .1 mf. for
by-passing screen leads.

The receiver is housed in a 5%x914x6 inch
metal cabinet and the chassis is Ix4x115.
The photos show top and bottom views and
indicate how the parts are placed.
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Note the neat wiring and placement of
resistors.

Antenna

Best results were obtained with the an-
tenna connected directly on to the grid coil,
at about turn from the B negative end
No dead-spots were noticed with this rather
loose coupling, but should they occur with
other types of antennas, it is suggested that
a4 35 mmf. condenser be connected in series
with the antenna.

Parts List
1—20 mmf. midget condenser (one plate removed)
4—.0001 mf. mica condensers
3—5 mf. electrolytic condensers
2—.01 mf. condensers
2—1 mf. condensers
7—Y meg. ¥4 watt resistors
1—2 meg., ¥4 watt resistor
3—50,000 ohm, 5 watt resistors
2—400 ohm resistors
150,000 ohm potentiometer
1—500,000 ohm potentiometer
l—vernier dial
S5—laminated octal sockets
1 set of tubes, see diagram and text
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Tireless, * Sending

NEW 1938 De Luxe Model MAC KEY

Here is the most amazing value in telegraph history.
A semi-automatic key so beautifully balanced an.(l
designed, that speedy, tireless, rhythmic sending is
now easy for any operator. Has a remarkable new df)t
stabilizer—a specially tensioned Swedish steel main
spring—a solid base that really “stays p!n"——blg
silver contacts—Ilarge adjustment screws—in every
detail this key is the finest ever produced! You must
see it—at your jobbers. In no time at all you'll be
sending out the kind of stuff they love to listen to.
Only $9.50—but don’t wait. Get yours now! Also
Standard Model. Same construction but with less
costly finish, $7.50,

IF YOU WANT A STRAIGHT KEY—just remember
this. ¢ . . . the New 1938 Mac Straight Key is the
sweetest ever huilt.” It’s beautifully balanced, sturdy,

. . MeELROY — The Faatost

Radio Operator of all time! Hin

officlal  receiving speed is 69
words per minute. Realizing per-
haps more than anyone clse the
limitations of eommerecial tele-
graph keys, McElroy worked f(or
many years on perflecting this
important instrument. To Me-
Elroy’s credit, he refurnd 1o
market n key wuntil it net only
excelled nny other, but until i
satisfied his own delicate sense
of balance and ‘“feel’” Every
MAC ittem Ia designed, built
testedd and approved by Cham-
plon MeFlroy himaelf. Every
MAC ltem in an exelusive op-
portunity for both the beginner
or advanced operator to improve
his eorde teehnique and efficlency.

T. R. McELROY

and designed to save your energy and your arm.
Priced so that every amateur can have one. Only
$1.50 at your jobber’s.

EVERY AMBITIOUS AMATEUR should have a MAC
HUMMER. This mechanical oscillator gives wonder-
ful performance—yet sells for only $1.50 to oper-
ators. With just a 414 volt C battery, you can get a
1000 cycle note as clear as a bell.

FOR A REAL PRACTICE SET—be sure you say
“MAC” to your jobber. He’ll give you the sweetest
outfit every made for this purpose. It’s a combina-
tion of the New MAC HUMMER and the New MAC
STRAIGHT KEY—all on one sturdy bhase. “It’s a
honey.” And the price? Only $2.95!
MAC-AUTO—World’s  finest  electrieal
transmitter—only $69.

automatic

175 Congress Street,

BOSTON, MASS.

WORLD'S CHAMPION TELEGR APHER
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COMMUNICATIONS

® For really high efficiency we do not

believe it is possible for the home con
structor to build a coil-switching arrange
ment which can compare with efficient plug
in coils; therefore, the best compromise is
plug-in coils made to plug-in through the
front panel, the same as the National-FB-7.
In fact, ready-made FB7 coils were em
ployed.

Complete data is given should the reader
desire to try his hand at constructing them
Regen. “Acorn™ Detector Stage Solves
Many Problems

The next problem how much R.F. to use
ahead of the first detector. In order to de

Front view of the receiver, the con-
trols are as follows: A—first detector
regeneration, B—1Detector trimmer, C—
R.F. gain and AVC switch, D—Beut
oscillator switch, E—Noise silencer, F
—A.F. volume control, G—Tone con-
trol, H—Crystal band-width control. The
jack in the extreme right-hand corner
is for earphone operation.

termine this, considerable experimental

work had to be done. We found that to do
the job right, two stages of R.F. should be
used. One stage would still permit a notice
able amount of image to get through. Then,
also, we were sure that regeneration in the
first detector would provide at least as
much gain as would one stage of tuned

RECETIVER

radio frequency. However, regeneration u:
ually brings about considerable noise. Hav
ing recalled the low noise-level of receiver
employing acoru tubes, we decided to try
a regenerative 954 acorn detector and elini
inate all R.F. stages. This yielded remark
able results, the image rejection was as
good, if not better than would have been
obtained with conventional tubes and one
stage of R.FF, and the sensitivity was even
better. Also the noise generated in the re-
generative first detector was practically nil!
Using this arrangment eliminated an extra
tuning condenser and eliminated one plug
in coil, which is quite a saving inasmuch
as the results are as good, if not much sup
erior.

How Good AVC Action was Provided

Next was the problem of 1.F. amplification
and a method of attaining automatic volume
control; immediately we decided that iron
core ILF. transformers should be used, and
it had been demonstrated long ago that one
stage of I.LF. was not entirely satisfactory,
although very good results can be obtained
with that arrangement, so two stages of
amplification was decided upon. Efficient
AVC meant incorporating at least another
tube to get satisfactory results following
conventional arrangements. This difficulty
was overcome by employing 6L.7's in the 1.
F. stages with grids No. 1 and No. 3 con
nected in parallel insofar as AVC action is
concerned, thus permitting very sharp cut-
off, and the voltage developed in the diode
second detector proved to be more than
sufficient for excellent AVC action. In fact,
we have yet to see a set using conventional
AVC methods which worked any more
satisfactorily than this one. As a means of
checking signal strength and aiding tuning
we employed a 0 to 5 ma. meter in the plate
circuit of the first I.F. tube.
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Model D-6 Six-Tube Amateur communications Receiver covers all Ham band‘ 5-10
20-40-80-160 meters. uses either glass or metal tubes, 6K7G tuned RF, 6K7G tuned
electron coupled detector, 6C5G first driver audio stage, 6L6G beam-power audio
output amplifier and 6J5G 5 meter detector. Cover to 3000 meters. Amateur mode
is supplied with special bandspread coils covering only the 20, 40, 80, 160 meter band
plus coils for the regular broadcast band. If general coverage coils covering from
12 to 200 meters are desired they are available at $2.00 additional

n Kit form, less tube:
Complete, ready to use 525.00 al‘:d uriv:..(:;d 5 " $'8'50

7C 5-Tube

short Wave Receiver

Bigger and

More
Powerful
Than Ever
A Giant in
Perform-

ance

FULL 6 TUBE PERFORMANCE plus THE NEW
K92A SERIES TUBE makes this an outstanding
value. Equipped with a powerful 3 stage audio fre
quency amplifier.

Uses 6K7G-6F7 (twin 2 in 1 tube)—6C5—K92A-12A7
(twin tube) tubes as RF amplifier, screen grid re
generative detector, powerful 3 stage audio amplificr
with pentode output stage, rectifier and complete
built-in power supply. Operates entirely from 105 to
130 volt AC or DC light socket

BAND SPREAD TUNING inooth regeneration
] control--built-in high quality loudspeaker—automatic

IIG-35 rl{\r\s‘l'rlwrmn headphone jack—Ilarge, illuminated airplane type

vernier dial-—large 3 electron cqupled low-loss ipduct
Poweriul and efficient transmitter available for 59  ances. Heavy, black shrivel finish metal chassis and

TRI-TET crystal oscillator, 2-—46's as a final ampli cabinet. Must be seen to be appreciated. Satisfied
fier of 89 crystal oscillator and -6L6G type tube: owners report as high as 35 foreign countries on the
as a final amplifier. loudspeaker with this model. You may do the same

RG-35 Kit, including all parts, coils for any band, under fair condition . Order YOURS TODAY! YOU
diagram, and simple instructions (completely a WILL NOT REGRET IT!

sembled and ready to wire $21.95 Compl
plete, ready to use, with coil
x)atgi%dc Ag] t6u(r;us tubes, 59, 46, 46 ;gg from 995 to 600 meters $I 5.00
‘ystals (80-160 meter b: d) 1.95 In kit form, less tubes and unwired
e ((40 meter band)w 2.75 but factory assembled $I°.95
Crystal holder 1.00 -
Coils for additional bands per set 1.45
R D X OSCAR B, KUSTERMAN
FREE: New 1937 catalogue AR.;B. KUSTEL
of short wave reccivers, transmitters, and 5 meter 68 BARCLAY ST.
apparatus. Send stamp to cover mailing costs on NEW YORK CITY
YOUR copy.

JUST OFF THE PRESS* Dept. H
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The second detector is a 6H6 duo-diode,
one section being used for rectification, and
the other as a noise-limiter in an effort to
reduce ignition interference.

Beat Oscillator—Improved Type

In order to keep the number of tubes
down, a twin triode was employed in the
first stage of audio amplification, one sec-
tion is used as an audio amplifier, while the
other section is the beat-oscillator., This
eliminates the necessity for a beat oscillator
tuning control on the front panel; and in the
two months during which this receiver has
been operating, the beat oscillator adjust-
ment hag never been changed; merely set
it for the most pleasing tone and forget
about it..

The audio amplifier is a conventional 6F6
pentode with a phone jack between the two
stages for earphone operation.

Trans-filter Affords Single-Signal Reception

In order to take care of the selectivity
problem we employed the new Brush Trans-
filter, this permitted excellent selectivity
in the phone bands and practical single-
signal reception on C.'W. There is a control
in the crystal circuit to change the band.
width. However, it is left in the maximum
selectivity position because even at this
point it is not too selective for fair tone
quality on phone signals. For band-spread
tuning, of course, in a good receiver there
is only one solution and that is the use of
the National micrometer dial. This is really
an excellent device and makes operating a
real pleasure. Employing FB-7 band-spread
coils, the amount of spread obtained with
this combination can be gauged by the fact
that the 80 meter CW band covers from 135
to 315 on the dial, while the 80 meter phone
band takes in that portion between 315 and
390. the entire 40 meter band is spread from
250 to 420, and the 20 meter phone band. as
well as the 20 meter CW portion, is also
spread out in a similiar fashion; one div-
ision is approximately 14 inch.

Regeneration

In order to obtain regeneration in the
first detector circuit, a small winding must
be added to the FB-7 detector coils. If
care is exercised in taking the padder out
of the coil, the job is really easy and can
be done in short order. Merely place a hot
soldering iron against the two prongs to
be easily removed. This small cathode coil
which this padder is connected and it can
is wound just below the “B” minus end of
the grid coil. In some coils there is space
enough on the large portion of the form

Radio Amateur Course

and on oti.(rs this regeneration coil will
have to be vwound in the narrow slot at th
bottom of tl = form. Complete data as to
the number «f turns is contained in the
coil table. This coil should be wound in the
direction opposite to that of the grid coil.
Fortunately, there was a prong in the
FB-7 detector .cil, only five prongs were
originally used. The blank prong is used
for the cathode terminal, the other end of
the coil is soldered into the prong used for
the “B” negative side of the grid coil. An
additional hole has to be drilled in the back
of the mounting shields, that 1s, the shield
can which supports the coil socket, in order
to bring out the cathode lead. There al-
ready are five holes in the can correspond-
ing to the five prongs used for the coil.
Naturally, with the extreme selectivity
obtained at the regenerative detector stage,
a panel trimmer will be needed. This con
denser should have a maximum capacity of
from 10 to 15 mmf. The lower the capacity
used, the better because its adjustment is
really critical. A change of two or three
degrees will nearly eliminate an R-7 signal.
This condenser will require a slight re-
adjustment when changing from one end
of a given band to the other; however, the
circuits “track” excellently, and once an
optimum setting is found, it need not be
touched unless an extremely weak signal

Top and bottom view of receiver show-
ing construction and lavout.
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The complete schematic diagram of the “S.W.&'L.”” Communications Receiver.

is being dealt with. Likewise, an optimum
setting of the regeneration control for any
given band will easily be found and this
also will need no adjustment except on
extremely weak signals.

The detector coil has a separate antenna
winding both terminals of which are avail
able for connection to a doublet. BRest
results, were obtained with a 50 mmf. con
denser in series, with one leg of this coil
connected to a single wire antenna with
the other side grounded. The antenna
which works satisfactorily for all amateur
bands is a 66 ft. flat-top, tapped some 9
ft. off center, employing a single-wire
feeder.

Of course, the oscillator coil needs mno
changing. A conventional 6J7 metal tube
is used in the oscillator circuit. The use of
an acorn tube here would not provide a
noticeable improvement, inasmuch as the
stability of this oscillator, even 'on 10
meters, is almost perfect. The method of
injecting the oscillator voltage into the de
tector is a result of much experimenting
With the values shown this method pro-
vided a lower background leve! than any
other of the several methods tried, with the
result that the gain control can be run
“wide open” with the receiver remaining
absolutely quiet, insofar as receiver noisc
is concerned.

Incidentally, the secret of success in a re

ceiver of this type is low receiver noise
level, and tlis receiver really has an ex
tremely low background noise level. The

urge may be felt to deviate from some of
the values shown, and even to employ dif
ferent tubes and slight modifications of cir:
cuits; however, we strongly advise against
this, because this receiver is really a per
fect working job and we don’t recommend
changes. That is, if the performance of
the original one is to be duplicated. If the
builder desires a higher degree of selec
tivity a conventional quartz crystal of
course, may be incorporated

Reference to the photographs will give
an idea of the layout used. In the bottom
view you will notice a dotted circle and a
shield can at the bottom of the chassis; an
explanation may be necessary. After the
receiver was finished the I.F. showed a
tendency to go into oscillation with e
AVC switch in the off position and the sen
sitivity control wide open. This was traced
to the H.F. oscillator stage. Due to the
wiring arrangement, the by-pass condens-
ers and resistors for the oscillator stage
were mounted beneath the chassis directly
under the 6J7 tube. It seems that there
was sufficient radiation from these parts 10
throw the I.F. stages into oscillation with
the gain control full on. Placing a small
shield can over all of these parts, (the by-
pass condensers and the plate and screen
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EAGLE RADIO CO., .. "\ i

change from one band to another
! 1 _r: ver cemmemerrla €301t
put sufhcient for moderate dx and
exceptionally wood ten meter per
formance, with only an inexpensive
nower supnply required. With our
excellent design and careful choice
of parts, peak efficiency on all
bands ia assured
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resistors) cured the trouble. ‘Then there
was absolutely no sign of instability at
maximum  gain setting. With a  slightly

different arrangement in wiring cimployed
in a duplicate of this receiver, of course,
the results would be c¢ntirely different and
there may be no tendency toward feed-
back. However, we mention this to show
what a shight amount of oscillator radiation
can do to a very high gain LI amplifier,
In an effort to chiminate RIS in the fila-
ment circuit one side of cach heater in the
tube is connected o pround, and  this
proved to he entirely adequate. However,
in some cases it may be found necessary to
hy-pass the other leg of the licater circuit

right at the first detector and oscillator
sockets.
So far as stability in  the high-fre-

quency portion is concerned, this set leaves
practically nothing to be desired. The re-
generation control in the first detector
circuit does not affect the tuning, of either
the oscillator or first detector. Also the
detector trimmer does not pull the oseil-
lator. The entire high frequency portion
is absolutely stable in all respects.

As for the sensitivity of the receiver, no
measurements were taken and we will not
attempt to estimate its sensitivity in
microvolts. We will say this—from actual
experience and comparison with other sets,
it is not found wanting. During its opera-
tion we have not found a single signal that
could not be brought up to an R-7 value,
and we experienced no cases where we
could hear signals but too weak to be
copied. This is undoubtedly due to the
low noise-level of the receiver for any-
one experienced with receivers will recall
hearing stations, and many at that, which
are too weak to be brought in. We found
that if they can be heard at all on this
receiver, they can be copied solid, provid-
ing there is no QRN or QRNM,

Aside from being an efficient receiver,
its appearance is also modern and business-
iik, especially with the crackle finished cabi-

net.

.
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Coil Data for “S.W.&'T1." Receiver

Ose Colls
trid Cath ne Length
Band  Nuins ‘Lap ‘Vup Winding Wire
L] 34 7 14 1% No 24 enamn
i 9 3 1y & Nu 24 etam
20 4 e 1Y ;?” No 24 eniam
10 1 % 3 “apste No 22 e
botween turns
Deot. Colls
Gild f Cath BN *Ant  lLength

Hund Vurns Cuil ‘Tap Cotl Winding Wite
Al 'h 1% 1% 7 1347 No 24 ohiain
4u 17 1 4% 38 Ve No 24 enain
20 ] 1 1% 13 1~ No 24 enain
10 uEy I settes cond 1Y% Y7 space No 22 enamn

used (35 nt ) hetween turns

“interwound with B— end of grid (ol No
wWihre

4 Wound in opposite direction to geid (ol at B8 end
No 30 dodo wire

The 10 meter detector coll 18 not tapped for bandspread,
' mmf padder 38 connected n soifes with tuning eon
denser, this pudder 18 slso 1tuside of ol form 88 well ns
the S0 nuuf parallel padder The gmall padder (35 mmf )
15 mounted with st wire so thut 1t (an be adjusted
thiough hole in bottem of cofl form

The padders in the colls are 50 winf

30 da

‘arts List

PRB— 01 mf lugh hiecuency condensers

3—.0001 mf. mica condensers

1— 005 mf, mnca condenser

1— 006 mica condenser

2—10 wmf. low voltage electioly tics

4—50,000 ¢lun Yewatt resistors

S—10,000 chin Yi-watt 1esistors

2—300 ohi 7 watt resistors

1—1,000 ohim Y, watt 1esistor

S—Ly mer odun Mo owatt resistors

I—. 1 mieg. ohim ' watt 1esistors

2—1 mer. chm 4 watt 1esistors

1—S00 ohr 1 watt resistor

1—10,000 chimy 10-watt 1esistor

1—S50,000 ohmy 10-watt resistor

1—3,000 ohin 20 watt jesistor

1—20,000 ohm 20 wuatt resiston

2—-20,000 ol potentiometers (one with

1—5,000 ol potentiometer (with switeh)

1—50,000 ohm potentivmeter

1—250,000 ohm potentiometer

1—S500,000 ohim potentiometer

l——l'l\.\'-l.? 150 mmf. tuning assembly, with 1ot mere:
di1a

l—set each 80, 40, 20 and 10 meter FB 7 ¢l

2—0Octal tube sockets

I—Adcon tube socket

2—-hield and <ocket assemblies for phigan corls

3—465 ke. iron core LF. transformers

1—beat oscillator assemblv 165 ke.

1—H RO cabinet

1—15 ounf. midget trimmer

1—S50 mnf. midget trimmer

1—934 acorn tube

1— 617 tube (isolantite)

2—6L7 tubes (isolantite)

switch)

1—6lH6
1—6N7
1—6F6

1—Transfilter 465 ke.

1-—-mall bhakelite case meter 0-5 ma.
S5—0Octal sockets (one hole mounting 1 pe)
1—toggle switch
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(Institute of Radio Engin
eers). also the Veteran Wire-
less Operators’ Association.
_If you intend to become a
‘icensed code operator, if
you wish to take up phone
work eventually- -this is the
book you must get.

PARTIAL LIST OF CONTENTS

Ways of learning the code. A systemn of seuding, receiving with ne-
cessary drill words. Concise definitions of radio terms, units, laws,
descriptions of commonly used radio equipment. Symbols used to
indicate various parts of radio circuits. General radio theory as it
applies to beginners. Electron thenry iz briefly given, waves—their
creation, propagation, reception. Fundamental laws of electric cir-
cnits, particularly for radio. Descriptions of modern reccivers used
with success by amateurs. How to build and operate these sets.
Amateur transmitters. Diagramis with specifications. Power equip-
ment used with transmitters and receivers, rectifiers, filters, batter-
ies, etc. Regulations that apply to amateur operators. International
“Q" signals, conversion tables for reference purposes.

150 Illustrations, 72 Pages. 50
Stiff, flexible covers c

- The Short-Wave Beginner’s

Ten Most Popular Short-Wave

Book Receivers
: Here isbla boolk thath olves short . How To Make And Work Them s
wave problems. It is the only low- : [pEF-
H5ic f a <h T; SHORT WAVE CRAFT Editors |lyase ey}
or ?gcr%:;?::girpunk on short waves | s have selected ten outstanding short. Z 10 d
' The book is profusely illustrated "l e wave receivers and these are de- Q'Mosl POPUU\H”
1t is not “technical.” It has no math. I SHOR'WAVEZ scribed in the new volume. Each re- SHORT WAVE 7
I :matics and no technical jargon B[‘l'NN[RS 1 ceiver 1s fully illustrated. Photo- R[([ |erS:
Bl also wives: your a tremeﬁdous BOOK ‘i graphs of the set complete, hookups 1] “wow 10 mane ano |
Hamount of  important  informatio and all worth-while specifications. h "°"€¢3"" |
such as time conversion tables. all 125) ,‘ Everything from the simplést one- \ .
J 1] . ] (T nd l
about aerials, noise elinnination, all - fibe set to a S:tube T. R. F. receiver t '""!ﬂl o
labout radio tubes. data on coil wind. Ll';al Z presented. Complete lists of parts Fll,. :'“‘“"-'“—"—"—l
R T | make each set complete.

ng and other subjects.
175 TMlustrations,

40 Pages, Stiff,
flexible covers.

25¢

75 Illustrations,
40 Pages, Stiff,
flexible covers

25¢

OVERSEAS READERS!—These books can

ORDER TODAY! Send remittance in form
age Stamps, register it.

be obtained from the following houses:

‘GREAT BRITAIN—Gorringe's, 9a, Green Street, Leicester Square, London, England; FRANCE: Editions Radio,
42 Rue Jacob, Paris; AUSTRALIA——~McGill's, 183-195, 218 Elizabeth St., Meclbourne, C. I

of check or money order. If letter contains cash or unused U. S. Post-

SHORT WAVE & TELEVISION, 99-RA Hudson Streety New York City



e .
120 Kadio Amateur Counrse

RADIO LAWS

PERTAINING TO

® The amateur and the prospective ama

teur should be thoroughly familiar with
the extracts of the Rules and Regulations
of the F.C.C. for amateur stations wluch
follow. Although 1t i1s not necessary 1n
know the exact wording it is again stressed
that the amateur be thoroughly famihar
with them as half of the examination 1s de
voted to the topics of Laws, Regulation:
and Penalues.

Exiracts from the Communications Act

of 1934

Section 1. For the purpose of regulating
interstate and foreign commerce in com
munication by wire and radio so as to make
available, so far as possible, to all the
people of the United States a rapid, efli
cient, Nation-wide, and world-wide wire
and radio communication service with ade
quate facilities at reasonable charges, for
the purpose of national defense, and for the
purpose of securing a more effective execu-
tion of this policy by centralizing authority
heretofore granted by law to several agen.
cies and by granting additional authority
with respect to interstate and foreign com
merce in wire and radio communication,
there i1s hereby created a commission to be
known as the “Federal Communications
Commission,” which shall be constituted as
hereinafter provided, and which shall exe
cute and enforce the provisions of this Act.

Sec. 2. (a) The provisions of this Act
shall apply to all interstate and foreign
‘communication by wire or radio and all in
terstate and foreign transmission of energy
by radio, which originates and/or is re-
ceived within the United States, and to all
persons engaged within the United States
in such communication or such transmis:
sion of energy by radio, and to the licens.
ing and regulating of all radio stations as
hereinafter provided; but it shall not apply
to persons engaged in wire or radio com:
munication or transmission in the Philip-

AMATEURS

pine Islands or the Caaul Zoue, or to wire
or radio communication or transmission
wholly within the Phihippine Islands or the
Canal Zone

Sec. 4. (a) The lederal Communications
Commission (in this Act referred to as the
“Commission’) shall be composed of seven
commissioners appointed by the President,
by and with the advice and consent of the
Senate, one of whom the [’resident shall
designate as chairman

Section 301. It 1s the purpose of tlus
Act, among other thmgs to maintain the
control of the United States over all the
channels of interstate and f oreign radio
transmission; and to provide for the use of
such channels, but not the ownership there
of, by persons for linuted periods of tune,
under licenses agranted by Federal autharity,
and no such lhcense shall he construed to
create any night, beyond the terms, condi
tions, and periods of the license. No person
shall use or operate any apparatus for the
transmission of energy or communications
or signals by radio (a) from one place
any Territory or possession of the United
States or in the District of Columbia to an
other place 1n the same Territory, posses
sion, or District; or (b) from any State,
Ferritory, or possession of the United
States, or from tlie Iistrict of Columbia to
any other State, Territory, or possession of
the United States; or (c) from any place
i any State, Territory, or possession of the
United States, or in the District of Colum-
bia, to any place in any foreign country or
to any vessel, or (d) within any State when
the effects of such use extend beyond the
borders of said State, or when interference
is caused by such use or operation with the
transmission of such energy, communica.
tions, or signals from within said State to
any place beyond its borders, or from any
place beyond its borders to any place with
in said State, or with the transmission or




It's not by chance that thousands of ama-
teurs all over the world use Bliley Crystal Units
for dependaHe, accurate frequency control.

Operating experience has shown that these
units are always thoroughly reliable, instantly
snap into oscillation, key readily and give
excellent power output.

Whether you choose the LD2 low-drift
crystal unit, the HF2 unit for twenty meters,
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reception of such encrgy, connmunications,
or signals from and/or 1o places beyond
the borders of said State; or (e) upon any
vessel or aircraft of the United States: or
(f) upon any other mobile stations within
the jurisdiction of the United States, except
under and 1n accordance with this Act and
with a license in that behalf granted under
the provisions of this Act

Sec. 303. Except as otherwise provided
in this Act, the Commission from time to
time, as public convenience, interest, or ne
cessity requires, shall

(a) Classify radio stations:

(b) Prescribe the nature of the service
to be rendered by ecach class of licensed
stations and each station within any class;

(c) Assign bands of frequencies to the
various classes of stations, and assign fre
quencies for each individual station and de
termine the power which each station shall
use and the time during which it may
operate;

(d) Determine the location of classes of
stations or individual stations;

(e) Regulate the kind of apparatus to
be used with respect to its external effects
and the purity and sharpness of the emis
sions from eacly station and from the ap-
paratus therein;

(f) Make such regulations not incon
sistent with law as it may deem necessary
to prevent interference between stations
and to carry out the provisinns of this Act:
Provided, however, That changes in the fre.
quencies, authorized power, or in the times
of operation of any station, shall not be
made without the consent of the station
licensee unless, after a public hearing, the
Commission shall determine that such
changes will promote public convenience
or interest or will serve public necessity,
or the provisions of this Act will be more
fully complied with;

(g) Study new uses for radio, provide
for experimental uses of frequencies, and
generally encourage the larger and more
effective use of radio in the public interest.

(ij) Have authority to-make general rules
and regulations requiring stations to keep
such records of programs, transmissions of
energy, communications, or signals as it
may deem desirable; _

(1) " Have authority io prescribe the
qualifications of station operators, to clas-
sify them according to the duties to be per-
formed, to fix the forms of such licenses,
and to issue them to such citizens of the
United States as the Commission finds
qualified; )

(m) Have authority to suspend the li
cense of any operator for a period not ex-
ceeding two years upon proof sufﬁc_ient to
satisfy the Commission that the licensee
(1) has violated any provision of any Act
or treaty binding on the United States

winch the Commmission s authorized by this
Act to admimster or any regulation made
by the Commission under uny such Act or
treaty; or (2) has failed to Gury out the
lawlul orders of the master of the vessel on
which he 15 employed; or (3) has wilfully
damaged or pernutted radio apparatus to
be damaged; or (4) has transmitted super-
fluous radio communications or signals or
radio communications comtaimng profane
or obscene words or lungnage; or (5) has
wilfully or mahciously interfered with any
other radio commmuuications or signals;

(n) Have authority 1o uspect all trans
mitting apparatus to ascertain whether 1n
construction and operation 1t conforins to
the requirements of tlus Act, the rules and
regulations of the Comunssion, and the h
cense under which 1t 1s constructed or op
erated;

(o) Have authority to designate call let
ters of all stations;

(p) Have authority 1o cause to be pub
lished such call letters and such other an
nouncements and data as i the judgmem
of the Commission may be required for the
efficient operation of radio stations subject
to the jurisdiction of the Umted States and
for the proper enforcement of tlns Act:

Sec. 309. (a)(1f upon examination of any
application for a station license or for the
renewal or modification of a station license
the Commission shall determine that pub
lic interest, convenience, or necessity would
be served by the granting thereof, it shall
authorize the issuance, renewal, or modifi-
cation thereof in accordance with said find-
ing. In the event the Commission upon ex-
amination of any such application does not
reach such decision with respect thereto,
it shall notify the applicant thereof, shall
fix and give notice of a time and place for
hearing thereon, and shall afford such apph
cant an opportumty to be heard under such
rules and regulations as it may prescribe.

Sec. 318 The actual operation of all
transmitting apparatus in any radio station
for which a station license 1s required by
this Act shall be carried on only by a per-
son holding an operator’s license issued
l:ereunder. No person shall operate any such
apparatus in such station except under and
in accordance with such operator’s license
issued to him by the Commission.

Sec. 321. (B) All radio stations, including
Government stations on board foreign ves-
sels when within the territorial waters of
the United States, shall give absolute pri-
ority to radio communications or signals
relating to ships in distress; shall cease all
sending on frequencies which will interfere
with hearing a radio communication or sig
nal of distress, and, except when engaged
in answering or aiding the ship in distress,
shall refrain from sending any radio com
munications or signals until there is as
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THE COMPLETE LINE OF POLYIRON INDUCTANCES
One of the most widely used intermediate frequency transformers,
type “A” illustrated.

ADJUSTABLE COUPLING — MICA TUNED

Frequenecy Factory 3and Width List
Type Range, ke Selling Gain 2x 10x 100x Het'ween Use Price
Alo) 440-.480 465 ke 50 24 /2 6A7-616 Converter £3.00
Al0IM 140-480 465 ke 4an 16 56 6AB-6K7 Converter 3.00
A 100 440-480 465 ke 250 19 0 6D6-6116 Interstnge 3.00
A201 440.480 4685 ke 110 13 11 616-75 Diode 3.00
AZ00M 440.480 465 ke 113 19 51 6K 7-6H6 Dinde 3.00
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A200( 440-480 465 ke 60D6-75 F. W. Dinde 4.00
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Al125 360.380 370 ke 220 15 47 6116-61D6 Interstage 3.00
A225 360-380 170 ke 110 12 31 6D6-75 Diode 3.00
A150 250-270 260 ke 62 15 54 O6AT-6D6 Converier 3.00
Al150 250-270 260 ke 330 13 41 66-61H6 Interstage 3.00
A250 250-270 260 ke 120 11 31 66-75 Diode 3.00
Al175 165-185 175 ke 54 11 50 6A7-6D6 Converter 3.04
Al75 165-185 175 ke 300 2 30 6D6-61)6 Intersiage 3.00
A275 165.185 175 ke 135 a 24 606-75 Dode 3.00
Al85 105-125 115 ke 61 10 34 6A7-6D6 Converter 3.00
Alss 105-125 115 ke 370 9 28 666116 Interstage 3.00
A285 105-125 115 ke 145 6 18 6D6-75 Diode 3.00

Aluminum Shields 14”7 D, z 3° 4” high, 1 13/32" Mig. Centera

Write for catalog showing complete line.

ALADDIN RADIO INDUSTRIES, INC,

466 sw WEST SUPERIOR STREET CHICAGO, ILLINOIS
Licensee of Johnson Laboratories, Inc.

These devices manufactured under one or more of the following U. S. Letiers Patenis

1,887,380 1,978,599 1,982,690 2,005,203 2,032,580 2,082,587 2,082,689
1,940,228 1,978,600 1,997,458 2,018,626 ,032,914 2,051,012 2,082,690
1,978,668 1,982,689 2,002,500 2,028,531 2,035,439 2,059,393 2,082,598
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surance that no interference will be caused
with the radio communications or signals
relating thereto, and shall assist the vessel
i distress, so far as possible, by complying
with it instructions,

Sec. 324. 1n all circumstances, except in
case of radio comniunications or signals re
lating to vessels 1n distress, all radio sta
tions, including those owned and operated
by the United States, shall use the minr
mum amount of power necessary to carry
out the communication desired.

Sec. 325. (a) No person withiu the juris
diction of the United States shall knowingl
utter or transnit, or causc to be uttered
or transmitted, any false or fraudulent sig
nal of distress, or commumication relating
thereto, nor shall any broadcasting station
rebroadcast the program or any part there
of of another broadcasting station without
the express authority of the originating
station.

Sec. J26. Notlhung in this Act shall be
understood or construed to give the Com
mission the power of censorship over the
radio conununications or signals transmit
ted by any radio station, and no regulation
or condition shall be promulgated or fixed
by the Commjssion which shall interfere
with the right of free speech by means of
radio communication. No person within the
jurisdiction of the United States shall utter
any obscene, indecent, or profane language
by means of radio communication.

Sec. 501. Any person who wilfully und
knowingly does or causes or suffers to be
done any act, matter, or thing, in this Act
prohibited ov declared to be unlawful, or
who wilfully and knowingly omits or fails
to do any act, matter, or thing in this Act
required to be done, or willfully and know-
ingly causes or suffers such omission or
failure, shall, upon conviction thereof, be
punished for such offense, for which no
penalty (other than a forfeiture) is pro-
vided herein, by a fine of not more than
$10.000 or by imprisonment for a term of
not more than two years, or both.

Sec. 502. Any person who wilfully and
knowingly violates any rule, regulation, re-
striction, or condition made or imposed by
the Commission under authonty of this
Act, or any rule, regulation, restriction, or
condition made or imposed by any inter-
national radio or wire communications
treaty or convention, or regulations an-
nexed thereto, to which the United States
is or, may hereafter become a party, shall,
in addition to any other penalties provided
by law, be punished, upon conviction there-
of, by a fine of not more than $500 for each
and every day during which such offense
occurs.,

Sec. 605. No person receiving or assist-
ing in receiving, or transmitting, or assist

iy 1 transunttung, any interstate or for
eign communication by wire or radio shall
divulge or publish the existence, contents,
substance, purport, eflect, or meaning there
of, except through authonized channels of
Iransimssion or reception, to any person
other than the addressee, lns agent, or at
torney, or to 4 person employed or author
ized to forward such communmication to it
destination, or 1o proper accounting or dis
tributing officers of the various commum
cating centers over wluch the conununica
tion may bhe passed, or to the naster of a
slhip under whom lie 1s serving, or in re
ponse to a subpeona issued by a court of
competent jurnisdiction, or on demand ol
other lawful authority; and no person uot
being authorized by the sender shall inter
cept any communication and divulge o
publish the existence, contents, substance
purport, eflfect, or meamng of such inte
cepted communication to any person; and
no person not being entitled thereto shall
receive Or assist in receiving any interstate
or foreign communication by wire or radio
and use the same or any information therc
i contained for Ins own benefit or for thu
benehit of another not entitled thereto; and
no person having received such intercepted
communication or having become acquaint
ed with the contents, substance, purport,
effect, or meaning of thesame or any pari
thercof, knowing that such information
was so obtained, shall divulge or publish
the existence, contents, substance, purport,
effect, or meaning of the same or any pait
thereof, or use the same or any information
therein contained for his own benefit or
for the benefit of another not entitled there
to: Provided, that this section shall not ap
ply to the receiving, divulging, publishing,
or utilizing the contents of any radio com
munication broadcast, or transmitted by
amateurs or others for the use of the gen-
eral public, or relating to ships in distress.

Sec. 606. (c) Upon proclamation by the
President that there exists war or a threat
of war or a state of public peril or disaster
or other national emeigency, or in order
to preserve the neutrality of the Umited
States, the President may suspend or
amend, for such time as he may see fit, the
rules and regulations applicable to any o:
all stations witlhin the jurisdiction of the
United States as prescribed by the Com
mission, and may cause the closing of any
station for radio communication and the
removal therefrom of its apparatus and
equipment, or he may authorize the use o1
control of any such station and or its ap
paratus and equipment by any departinent
of the Government under such regulatious
as he may prescribe, upon just compensa
tion to the owners.
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See What Far-Reach-
Ing Services Our
ALLMETER Performs!,
Instead of being just
a4 volt-ohm-ammeter,
it i1s such an instru-
m.nt plus a.c. read- B8
ings for voltages and B8
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low resistance, from
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aund the Superior me-
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y non-reactive to
deep into the mega-
cycle ge, unlike
other instruments that
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of these instruments
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ches. Shipping weight
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test <

Double Your Power!

11 The Useful Voice Frequencies

Cut through QRM
with a voice that can
be understood. You
don't need a tricky
high gain amplifier
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efficient voice micro
phone-—eliminates all
RF feedback problems
with its “air tight”
shielding. Cuts out
your hum problems
too. You will get
more satisfaction out
of dollars spent for a

VT-73.

MODEL VT-73

THE TURNER CO.
CEDAR RAPIDS, 10WA

Licunsed under patents of the Brush Development Co.
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$25.2

o dai

IN IT’S
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prompt service will please you
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COMPLETE SfOCKS---READY FOR YOU

‘B-A" serves the trade with every need in radio. Com
plete 160-page catalog of radio receivers, public
address sysiems, parts, supplies and equipment is
now available. You will find your favorite nationally
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BURSTEIN- APPLEBEE CO.

1012-14 McGEE ST. -:- KANSAS CITY, MO.
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Extracts from the Rules and Regulations of the F.C.C. for Amateur Stations

. Prescribed application forms. —Facls
application for an instrument of autlioriza
tion shall be made in writing on the ap
propriate form prescribed by the Commis
sion for the purpose. Separate application
shall be filed for each instrument of author
ization. The required forms except as pro
vided in paragraph 408 for amateur appli
cants, may be obtained from the Commis
sion or from the office of any inspector
FFor a list of such offices and related geo
graphical districts, see paragraph 30.

Filing of application.

h. Each
amateur
be filed
with the
structions :

application for
facilities shall
in  accordance
following in-
1 copy to the in.

(1) Applications for ama- spector in charge
teur station and/or op- of the radio dis
erators’ licenses from trict in which the
applicants residing with- applicant resides

in 125 miles of Wash-
ington, D. C., a radio
district office of the
Commission, or an ex-
amining city (see par.
30).

(2) Applications for
teur station and/or op-

ama- | 1 copy direct to the
Federal Communi-

erators’ licenses from cations Commii s-
applicants residing more sion,  Washington,
than 125 miles from D. C.. in accord-
Washington, D. C., a ance with the in-
radio district office of structions specific.
the Commission, or an ally set forth on
exan:mng city (see par. the application
30). form

14. License where construction permit
is not required.—FEach application for new
license, where a construction permit is not
prerequisite thereto, shall be filed at least
60 days prior to the contemplated operation
of the station.

16. Renewal of license.—Unless other-
wise directed by the Commission, each ap-
plication for renewal of license shall be
filed at least 60 days prior to the expiration
date of the license sought to be renewed.

20. Penalty for transfer of license with-
out the consent of Commission.—The trans-
fer of a radio station license, or the rights
granted thereunder, without consent of the
Commission shall be sufficient ground for
the revocation of such license or denial of
any application for its renewal. Amateur
station licenses and call signals are not
transferable.

22, Special authorizations.—The Com-
mission may grant special authority to the
licensee of an existing station authorizing
the operation of such station for a limited
time in a manner, to an extent or for a
service other or beyond that authorized in
the license.

24. Answering notice of v.iolation.—.Any
licensee receiving official notice of a viola-

tion of WVederal laws, the Commission's
rules and regulations, or the terms and con
ditions of a license shall, within 3 days
from such receipt, send a written reply
direct to the Federal Communications Com
misston at Washington, D. C. The answer
to each notice shall be complete in itself
and shall not be abbreviated by reference
to other communications or answers (o
other notices. If the notice relates to some
violation that may be due to the physical
or electrical characteristics of the trans.
mitting apparatus, the answer shall state
fully what steps, if any, are taken to pre-
vent future violations, ind if any new ap-
paratus is to be installed, the date such ap
paratus was ordered, the name of the man
ufacturer, and promised date of delivery

26. 1f the notice of violation relates to
some lack of attention or improper opera.
tion of the transmitter, the name and i
cense number of the operator in charge
hall be given.

27. Normal license periods.—All sta
tion licenses will be issued so as to ex
pire at the hour of 3 A. M. Eastern stan
dard time.

e. The licenses for amateur stations will
be issued for a normal license period of 3
years from the date of expiration of old
license or the date of granting a new license
or modification of a license.

28. Designation of call signals.—Insofar
as practicable, call signals of radio stations
will be designated in alphabetical order
from groups available for assignment, de
pending upon the class of station to be
licenscd. Because of the large number
of amateur radio stations, calls will be as.
signed thereto in regular order and requests
for particular calls will not be considered.

29. Deletion of call signals.—Call signals
of stations will be deleted in each of the
following cases:

a. Where an existing instrument of au.
thorization has expired and no application
for renewal or extension thereof has been
filed.

b. Where a license has been revoked.

c. Where a license is surrendered or
canceled.

d. Other cause, such as death, loss of
citizenship, or adjudged insanity of the
station licensee. Such occurrences coming
to notice should be reported to the Com
mission, preferably accompanied by the
station license for cancellation, if available.

30. Radio districts.—The following list
of the radio districts gives the address of
each field office of the Federal Communica.
tions Commission and the territory em-
braced in each district:
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P. O. Box 150, Miami, Fla.

Customhouse, New Orleans,
La.

North Carolina.

Florda....
Puerto Rico..
Virgin Islands
Arkansas.....

| Loutsiana.....

Mississippi...
Texas.

L28 Radio Amutewr Course
Radio A — -
district| Address of the inspector in charge Territory within district |
= — States i Counties
I [Customhiouse, Boston, Mass.| Connecticut A1l Counties
Maine Do
[ Massachusett Do.
| New Hanmipshire Do
| Rhode Isiand | Do.
| Vermont Do.
2 [United States Subtreasur: | New York Vbany, Bronx, Columbia, Dela
Building, New York, N . ware, Dutchess, reene
Kings, Nassau, New York,
[ Orange Putnam, Queens,
|  Rensselaer, Richmond, Rock
ind, Schenectady, Suffolk
Sullivan, Ulster and West
chester
New Je: Bergen, lissex, Hudson, Hun
terdon, Mercer, Middlesex,
Monmmouth, Morris, Passaic,
Somerset, Sussex, Unmion and
Warren.
3 | Gimbel Building, 35 South| Pennsylvania Adams, Berks, Bucks, Carbon,
Ninth Street, Philadelphia, Chester, Cumberland, Dau
Pa. phin, Delaware, l.ancaster,
l.ebanon, Lehigh, Monroe,
Montgomery, Northampton,
Perry, Pliladelphia, Schuykill,
and York.
New Jersey Atlantic, Burlington, Camden
Cape May, Cumberiand, Glou
cester, Ocean and Salem
Delaware Newcastle.
4 | Fort McHenry, Baltimore,| Marvland All Counties.
Md. District of Columbia Do.
Virginia Arlington, Clark, Fairfax, Fau
quier, Frederick, Loudoun,
Page, Prince Williain, Rappa-
hannock, Shenandoali, and
Warren.
Delaware. Kent and Sussex.
5 [Customhouse, Norfolk, Va. | Virginia All except district 4.
North Carolina All excent district 6.
Alabama. All Count
411 New P. O. Bldg., Atlan-| Georgia.... Do
ta, Ga. South Carolina Do
Tennessee.... De.

Ashe, Avery, Buncombe, Burke,

Caldwell, Cherokee, Clay,
Cleveland, Graham, Havwood,
Henderson, Jackson, McDow-
ell. Macon, Madison, Mitchell,
Polk, Rutherford, Swain,
Transylvanta, Watauga, and
Yancey.

\Il Counties.
Do.
Do.
Do.
Do.
Do.
City of Texarkana only




AICROPHONE
"OR AMATEURS

Inexpensive - Efficient

lhe Wright-DeCoster Model TBC1000 nmake-
1 excellent dynamie microphone for amatcut
je. The unit is so rugegedly constructed that ¢
ill stand much hard usage und it does not he
»me noisy with age.

ecause of the high sensitivity of this micro
rone little preamplification is required.

TBC1000

he cabinet is only 614" in diameter and is
nished in soft suede which lends a distinetive
ppearance and makes the wunit an attractive
ddition to any amateur station. ' he unit may
e mounted on the wall or laid flat on the oper-
tor’s desk. The soft finish protects the finest
irniture,

esides heing an excellent microphone the
BC-1000 is a very eflicient speaker which has
xceptional quality on voice reproduction.
Yhen used with a double-pole, double-throw
witch this unit may he operated as a1 micro-
hone when transmitting and as a speaker
hen receiving.

Write for literature and name of our
nearest distributor.

Wright-De Coster Distributors are always
anxious to cooperate.

Wright-DeCoster, Inc.

269 University Ave. saint Paul, Minn.

Export Nepnrtment
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Lastern Canada Western Canada
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Toronta, Ont., Canada Canede
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FREE!
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Radio
district | Address of the inspector in charge 2 #fritary Within dh"k(; d
: States | ounties
9 209 Pl'uden“al ljl“'d“]]g' Gdl l'exa Ard"bdb, Br.‘lzoria, l}rooks, (';ll.
veston, Tex houn, Cameron, Chambers,
| Fort Bend, Galveston, Goliad,
Harris, Hidalga, Jackson, Jef
ferson, Jin Wells, Kennedy,
Kleberg, Matagorda, Nueces,
Refugio, San Patricio, Victo
ria, Wharton, and Willacy
10 | 64 Federal Building, Dallas exa All except district 9 and the city
Tosa of Texarkana
(I\)Iklahlc\)[mn All Counties.
ew Mexico Do.
11 | 1105 Rives-Strong Building | Arizona Do
Los Angeles, Calif ¢ Nevada.. Clarke.

California Imperial, Kern, Kings, Lo
geles, Monterey, Orange, It
erside, San Bernardino, San
Diego, San Luis Obispo. Sa
ta Barbara, Tulare, and Ve
tura.

12 CIICSlOﬂ]hOUSC, San Francisco, gallf%rma. All except (éiS”iCt 1
al. | INevada. [All except Clarke
i gawaiian Islands |All Counl:ies.
uam Do.
| American Samoa Dg‘
13 | 207 New U. S. Court House | Oregon | Do.
Bldg.,” Portland, Ore. Idaho All except district 14.
14 | 808 Federal Office Building, | Alaska.. All Counties.
Seattle, Wash. Washington. Do.

Idaho. | Benewah, Bonner, Boundary,
Clearwater, Idaho, Kootenai
Latah, Lewis, Nez Perce and
Shoshone.

Montana ~|Beaverhead, Broadwater, Cas
cade, Deerlodge, Flathead,
Gallatin, Glacier, Granite, Jef-
ferson, Lake, I.ewis and Clark,
Lincoln, Madison, Meagher,
Mineral, Missoula, Pondera,
Powell, Ravalli, Sanders, Sil
ver Bow, Teton, and Toole.

15 [ 538 Customhouse, Denver,| Colorado. ..|All Counties.
Colo. Utah.. - . Do.
Wyoming.. Do.
Montana..... ..|Except district 14.
16 | Room 927, New P. O. Bldg,| North Dakota. .|All Counties.
St. Paul, Minn. South Dakota _ Do

Minnesota. Do.

Michigan Alger, Baraga, Chippewa, Delta,
Dickinson, Gogebic, Hough-
ton, Iron, Keweenaw, Luce,
Mackinac, Marquette, Men.
ominee, Antonagon, and

Wi lSchoo]craft.

1SCONSIN...ooooonnnn, ] istri
17 1 410 Federal Bldg., Kansas| Nebraska... ... . :\\11 gét:enpttieglsma o
City, Mo. Kansas...cm Do. .
Missouri — Do.
Towa... "I . istri
18 12022 Engineering Building Indiana.. ~ 2” E)(()cutilpttieglstnct i
Chicago, 11l 11in0iS e .| Do '

Towa. — Allamakee, Buchanan, Cedar,

Clayton, Clinton, belaware,
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Cane Size: 2.9/16 x 2%/8
3/8” in Front of Puanel
7/16” Back of Panel

Voltmeters, ammeters, milliammeterz, in
all popular ranges A. C.and D
Inexpensive instruments, thoroughly reliable
for many applications in the amateur radio field
RUGGEDLY CONSTRUCTED—DEPENDABLE—LOW COST

For more Infermation and prices See Your Jobber
or write

READHKITE METER WORKS
738 College Dr., Bluffton, Ohio

MICROPHONES
® Hum Free

® Shock Proofed
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® High Fidelity
® Precision Built
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Every Electro-Voice
“mike”carries an un-
limited guarantee.
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Supplier.
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300 €. Coltax Ave., South Bend, Ind.
Exportt Office 100 Varick St., New York, N.Y
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Des Moines, Dubugue, Fay
ctte Henry, Jackson. Johason
Jones, Lee, Linn, Louisa, Mus
catine, Scott, Washington, and

Winneshiek
Wisconsin Columbia, Crawford, Daune,
Dodyge, Grant, Green, lowa,
Jetferson, Kenosha, Lafayette,
Milwaukee, Ozaukee, Racine
KRichmond, Rock, Sauk, Wal
worth, Washington, and Wau
kesha
19 (1025 New Federal Bldg., De-| Michigan. All except district 16
troit, Michigan Ohio. All Counties
Kentucky Do
West Virgima Do
20 |5'4 Federal Building, Buffalo,| New York All except district 2.
N. Y. \ Pennsvivama All except district 3

J0a. Examining Cities—[.xaminations for
all classes of radio operator licenses will be
given frequently at Washington, D , and
the District Offices of the Conmmission in
accordance with announced schedules.

(1) Such examinations will be
quarterly at:
Schenectady, N. Y.
Winston-Salem, N. C.
Nashville, Tenn.

San Antonio, Tex.
Oklahoma City, Okla
Des Moines, lowa

St. Louis, Mo.
Pittsburgh, Pa.
Cleveland. Ohio
Cincinnati, Ohio
Columbus, Ohio

(2) Examinations will be lield not more
than twice annually at:
Albuquerque, N. Mex.
Billings, Montana
Bismark, N. Dakota
Boise, Idaho
Butte, Montana
Jacksonville, Fla.

Little Rock, Ark.
Phoenix, Ariz.

Salt Lake City, Utah
Spokane, Washington

188. Station.—The term ‘station’” means
all of the radio-transmitting apparatus used
at a particular location for one class of
service and operated under a single instru-
ment of authorization. In the case of every
station other than broadcast, the location
of the station sha!l be considered as that of
the radiating antenna.

192. Portable station.—The term “port-
able station” means a station so construct.
ed that it may conveniently be moved abour
from place to place for communication
and that is in fact so moved about from
time to time, but not used while in motion.

a. Portable-mobile station.——The term
“portable-mobile station’” means a station

held

so constructed that it may conveniently be
moved from one mobile umt to another for
communication, and that is, in fact, so mov
ed about from time to time and ordinarily
used while 1n motion

204.Allocation of bands of frequencies to
services.—Allocations of bands of frequen
cies to services, such as mobile, fixed
broadcast, amateur, etc., are set forth in
article 5 of the General Regulations an
nexed to the International Radiotelegraph
Convention and in the North American
Radio Agreement. These allocations will be
adhered to in all assignment to stations
capable of causing international interfer
ence.

207-—Interference, prevention of.—Licen-
sees shall use radio transmitters, the emis.
sions of which do not cause interference,
outside the authorized band, that is de
trimental to traffic and programs of other
authorized stations.

210...Distress messages.—Radio com
munications or signals relating to ships or
aircraft in distress shall be given absolute
priority. Upon notice from any station,
Government or commercial, all other trans.
mission shall cease on such frequencies and
for such time as may, in any way, interfere
with the reception of distress signals or re.
lated trafhec.

213. Operators.—One or more licensed
operators, of the grade specified by these
regulations shall be on duty at the place
where the transmitting apparatus of each
station is located and whenever it is being
operated; provided, however, that for a
station licensed for service other than
broadcasting, and remote control is used,
the Commission may modify the foregoing
requirements, upon proper application and
showing being made, so that such opera-
or or operators may be on duty at the con-
trol station in lieu of the place where the
transmitting apparatus is located. Sucin
modification shall be subject to the follow
ing conditions:

—



MODEL T-3 MICROPHONEL

PRAISED for FLEXIBILITY
- '-?‘w

Unique tilting mount permits
directional or non-directional
pickup without disturbing fre-
quency response. No yoke and
no annoying cable entangle-
ments or breakage. Diaphragm
type for high class publie ad-
dress. broadcast, recording or
Acoustic feed-
reduced. At-

amateur use.
back definitely
tractively shaped. Beautiful
polished chromium  finish
Complsote with Astatic exelu-
sive interchangeable plug and
socket cable conneetor, cable

and spring cable protector.
Fully guaranteed.

LIST

price. $25.00

SEND FOR LITERATURE on other new Astatic Micre-
phones including unique “GRIP-TO-TALK® Model CD-104,
for air-way ground stations. inter-office, inter-factory. ama
teur and other similar communieating systems.

Licensed under Brush Development Co. Patents

Astatic Mierophone Laboratory, Ine.
DEPT. C-2, YOUNGSTOWN, OHIO, U. S. A.
I'ioneer Manufacturers of Quality Crystal Devices

The BEGINNERS’
FRIEND!

The Newcomer to Amateur radio knows
well enough that there are times when
he really needs a friend. Sun Radio Com-
pany, too, knows that these Beginners
require Special Cooperation in the mat-
ter of selective buying.

Here at Sun Radio we invite inquiries
and orders from Beginners. We are espe-
cially equipped to serve intelligently and
honestly and to render advice on “tough”
problems as they arise.

We carry all nationally advertised lines
of Amateur Radio Supplies, Receivers,
Parts, Tubes and Accessories. Send us
your want list or better still visit us, for
special quotations. Experienced hands
always on hand to help you. Address
| Dept. GHB.

Open or Shielded
COIL FORMS

AMATEURS

You can now safely build R. F. colls—
filters and hi-frequency R. F. chokes,
These cofl forms, made by the world's
finest builders of radio testing equip-
ment. are your guarantee of efficient

®u, ¢
RF filters, or hi-fr
quency RF choken
@ My he naed for uni-
varsal, single layer
aolenoid, or hank
type windingn,

receiver and transmitter operation.
Power factor at 1,000,000 cycles per
second fs .007. Water absorption gain
.07%. Adjustable fron core for chang-
ing coll inductance. Clear lacquered
Eraydo metal shield. Sce your favorite
parts dealer or write factory today.

193°’ hane pine re.
mavable for perma
nent mounting

@ iigh diciectrie
atrenuth ~ uniform
operation.

The CLOUGH-BRENGLE CO._

2813-Z W. 19th St. Chicago, 111,
ﬂ

for Antenna Changeover

You need one of these relays to
change automatically from sending
to receiving. You will find these Re
lavs described on pages 5 and 6 of
bulletin 507B. Send for a copy

WARD LEONARD
RADIO SPECIALTIES
WARD LEONARD ELECTRIC COMPANY

South Street, Mount Vernon, New York

Name

Street

City and State

Call Signal SW
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a, The transmitter shall be capable of
operation and shall be operated 1n accord
ance with the terms of the station hcense

b. The transmitter shall be monitored
from the control station with apparatus
that will permit placing the transmitter in
an inoperative condition in the event there
15 a deviation from the terms of the license,
in which case the radiation of the trans
mitter shall be suspended immediately un
ul corrective measures are effectively appli
ed to place the transmitter in proper con
dition for operation in accordance with the
terms of the station license.

The transmitter shall be so located or
housed that it is not accessible to other
than duly authorized persons.

214. Licensed operator required.— Only
an operator holding radiotelegraph class of
operators’ license may manipulate the trans
mictting key of a manually operated coastal
telegraph or mobile telegraph station in
the international service; and only a licens
ed amateur operator may manipulate the
transnutting key at a manually operated
amateur station. The licenses of other sta
tions operated under the constant super
vision of duly licensed operators may per-
mit any persons ,whether licensed or not, 1o
transmit by voice or otherwise, 1n accord
ance with the types of emission specified
by the respective licenses.

220. Maintenance tests.—Licenses of
stations other than broadcast stations are
authorized to carry on such routine tests
as may be required for the proper main
tenance of the stations: Provided, however,
that these tests shall be so conducted as
not to cause interference with the service
of other stations.

221. Licenses, posting of.—The original
of each station license, except amateur,
portable and portable-mobile stations shall
be posted by the licensee in a conspicuous
place in the room in which the transmitter
is located. In the case of amateur, portable,
and portable-mobile stations the original
license, or a photostat copy thereof, shall
be simihiarly posted or kept in the personal
possession of the operator on duty

a. The original license of each station
operator, except amateur and aircraft radio
station operators of portable and portable
mobile stations, shall be posted in a con
spicuous place in the room occupied by
such operator while on duty. In the case of
an amateur or aircraft radio operator, and
operators of portable or portable-mobile
stations, the oiginal operator’s license shall
be similarly posted or kept in his personal
possession and available for inspeation at
all times while the operator is on duty.

(b) When an operator’s license cannot
be posted because it has been mailed to an
office of the Federal Communications Com-
mission for endorsement or other change,
such operator may continue to operate sta-

tions i accordance with the class of license
held, for a pernod not 10 exceed 30 days,
but 11 no case beyond the date of operation
of the hicense

36l Definitions, amateur service.— | he
term “amateur service” meuans g radio ser
vice carried on by amateur stations.

J62 Dehnition, amateur station. ['le
tenm Mamateur station’” means a station
used by an “amateur,” thut 1s, a duly author
1ized person anterested 1n radio technique
solely with a personal amm and without
pecumary nterest

364 Definition amateur operator. [he
term “amateur radio operator” means a per
son holding a valid license issued by the
Federal Radio Commussion who is author
1zed undes the regulations 1o operate ama
teur radio stations.

365, Definition, amateur radio communi.
caton.—The term “amateur radio-commun
cation” meuans radio-communication between
amateur radio stations solely with a person
al aim and without pecumary interest

366. Station licenses.- An amateur sta
tion hicense may be issued only to a licensed
amateur radio operator who has made a
satisfactory showing of ownership or con
trol of proper transmitung apparatus Pro-
vided, however, that 1n the case of a mli
tary or naval reserve radio station located
in approved public quarters and established
for training purposes, but not operated b
the United States Government, a station
license may be issued to the person in
charge of such a station who may not pos
sess an amateur operator’'s license

(a.) Operator’s license.—An amateur op
erator's license may be granted to a person
who does not desire an amateur station
license, provided such applicant waives his
right to apply for an amateur station h
cense for 90 days subsequent to the date
of application for operator’s license.

367. Eligibility for license.—Amateur ra
dio station licenses shall not be issued to
corporation, associations, or other organ-
izations; Provided, however, that in the
case of a bona fde amateur radio societ)
station license may be issued to a licensed
amateur radio operator as trustee for such
soclety.

368. Mobile stations.—Licenses for mo
bile stations and portable mobile stations
will not be granted to amateurs for opera
tion on frequencies below 28,000 kc. How
ever, the licensee of a fixed amateur station
may operate portable amateur stations
(Rule 192) in accordance with the provi
sions of Rules 384, 386, and 387; and also
portable and portable-mobile amateur sta
tions (Rules 192 and 192a) on authorized
amateur frequencies above 28,000 kc. in ac
cordance with Rules 384 and 386, but with
out regard to Rule 387.

370. Points of communication.—Amateur
stations shall be used only for amateur

—



the AMPERITE

. VELOCITY
» 'NEW DESK STAND

ideal for desk. pulpit. footlights. ban
quets. Leaf spring suspension acts as
shock absorber STAND ONLY
LIST $4.00 NAME PLATE with call
lettors LIST $2.00

MICROPHONES: Model RBHn (High
Imped.); or RBMn (200 ohms) with

cable connector & switch LIST
$4200 Models RBSn, RSHn, with
switch only LIST $32.00

NEW "HAM MIKE"’

No Peaks! No Splashing! Real
Broadcast Quality! RF Choke Cir
cuit Included in microphone. Out
put.-68 db. Operates directly into
grid. MODEL HAM (High Imped
or MODEL HAL (200 ohms Gun
metal. LIST $22.00. Chrome LIST
&\ $23.00. Price includes Ham Desk
ﬁ Stand. Call Letters, and 6 feet of

cable Ask
FREE: Window Decal Your
8 WindowDisplay  j phert

AMPERITE (5. 561 BROADWAY, 1. ¥

AMPERITE__ \ ycill meee
-\ MICR

OPHONE

35 years

 Reliable Merchandising

WUSTRIBUTORS (¥F
NATIONAL

HAMMARLUND
THORDARSON
HALLICRAFTERS
RAYTHEON
CARDWELL
TRIPLET]
TAYLOR TUBES
KENYON
FIMAC(
RCA

RME
‘HAM HEADQUARTERS”
W3IAGV-W3BES-W3DMO.-WIGMEL-W3UT
M. & . SPORTING GOODS COMPANY |

512 Market St. 1709 Atlantic Ave.
Phila., Pa. Atlantie City, N. J.

PAR-METAL

RACKS—-PANELS -CABINETS

PAR-METAL offers you a uniform line of standard.

ized metal products that enables you to quickly build

up a job that is professional both in construction

and appearance

All of the parts shown are available in various standard

sizes—a complete line that will meet almost every re-
quirement.

Write for copy of our new catalog number 38

PAR-METAL PRODUCTS CORPN.
5-27 41st ST, LONG ISLAND CITY, N. Y.

SEMI.
AUTOMATIC KEY
DOES THE REST

Press Lever-

IMPROVES Genuine Mariin
SENDING

VieroprPLE X

Effort
In Halfl

Semi-Automatic Key

JUNIOR

ONLY
$12.50

and more
Large

Small
compact
contact points,
Black japanned
base. A low pric
ed key with

Every code sender wants to be a

GOOD, CLEAR, FAST asender .
YOU ean be with n New Genuime

Maortin Vibroplex semi-nutomatie
l())rt:[;‘leexr (?::(;a: key. .Ovor 'lO0.0I'N'.i oper:"lon have
$17 and $19 4 plex

1 asie a WA\

to send. Faster than the fastes: band sender—Iless than

4 ; 1 1 Y g

d e Genuir art Vibi x

key. Accept no substitute Your old v’|bru_ 3 3 s pted

as part paymen Money order or
st mail » for [

t

Frea
Hlustratod
THE

N32 Neoadwny

VIBROPLEX CO.

New Yoek, N, ¥

Catalog

|
)
3
i
.
|

“.E a

s .



136 Radio Amateur Course

service, except that i emergencies or for
testing purposes they may be used also for
communication with commercial or Govern
ment radio stations. ln addition, amateur
stations may communiciate with any mobile
radio station which is licensed by the Com
mission to communicate with amateur sta.
tions, and with stations of expeditions which
may also be authorized to communicate
with amateur stations.

371. Amateur stations not to be used
for broadcasting.—Amateur stations shall
not be used for broadcasting any form of
entertainment, nor for the simultaneous
retransmission by automatic means of pro
grams or signals emanating from any class
of station other than amateur.

372. Radiotelephone tests,—Amateur
stations may be used for the transmission
of music for test purposes of short dura
tion in connection with the development of
experimental radiotelephone equipment.

373. Amateur stations not for hire.—
Amateur radio stations shall not be used to
transmit or receive messages for hire, nor
for communication for material compensa
tion, direct or indirect, paid or promised.

374. Frequency bands assigned.—The
following bands pf frequencies are allocated
exclusively for use by amateur stations:

1,715 to 2,000 kilocycles
3,500 to 4,000 kilocycles
7,000 to 7,300 kilocycles
14,000 to 14,400 kilocycles
28,000 to 30,000 kilocycles
56,000 to 60,000 kilocycles

400,000 to 401,000 kilocycles

374a, The licensee of an amateur station
may, subject to change upon further order,
operate amateur stations on any frequency
above 110,000 kilocycles, without separate
license therefor, provided:

(1) That such operation in every respect
complies with the Commissions rules gov-
erning the operation of amateur stations
in the amateur service.

(2) That records are maintained of all
transmissions in accordance with the pro-
visions of Rule 386.

375. Types of emission.—All bands of
frequencies so assigned may be used for
radio telegraphy, type A-1 emission. Type
A-2 emission may be used in the following
bands of frequencies only:

28,000 to 30,000 kilocycles

56,000 to 60,000 kilocycles

400,000 to 401,000 kilocycles

376. Frequency bands for telephony.
The following bands of frequencies are al-
located for use by amateur stations using
radiotelephony, type A-3 emission:

1,800 to 2,000 kilocycles
28,000 to 29,000 kilocycles
$6,000 to 60,000 kilocycles

400,000 to 401,000 kilocycles

377. Additional bands for telephony.
Provided the station shall be operated by a
person who holds an amateur operator's li
cense endorsed for class A privileges, an
amateur radio station may use radiotele
phony, type A-3 emission, in the following
additional bands of frequencies:

3,900 to 4.000 kilocycles
14,150 1o 14,250 kilocycles

378 Amateur television, facsimile, and
picture transmission.— | he following bands
of frequencies are allocated for use by am
ateur stations for television, facsimile, and
picture transmission

1,715 10 2,000 kilocycles

56,000 to 60,000 kilocycles

379.  Licenses will not specify individual
frequencies.—Transmissions by an amateur
station may be on any frequency within an
amateur band above assigned

380. Aliens.—An amateur radio station
shall not be located upon premises control
led by an alien.

J8l. Prevention of interference.-Spur
ious radiations from an amateur transmit
ter operating on a frequency below 30,000
kilocycles shall be reduced or eliminated in
accordance with good engineering practice
and shall not be of sufficient intensity to
cause interference on receiving sets of mod
ern design which are tuned outside the fre
quency band of emission normally required
for the type of emission employed. In the
case of A-3 emission, tiie transmitter shall
not be modulated in excess of its modula
tion capability to the extent that interfering
spurious radiations occur, and in no case
shall the emitted carrier be amplitude-mod
ulated in excess of 100 per cent. Means
shall be employed to insure that the trans
mitter is not modulated in excess of its
modulation capability. A spurious radiation
is any radiation from a transmitter which is
outside the frequency band of emission nor
mal for the type of transmission employed,
including any component whose frequency
1s an integral multiple or submultiple of
the carrier frequency (harmonics and sub
harmonics), spurious modulation products,
key clicks and other transient effects, and
parasitic oscillations.

381. Waiver of Rule 381.—The following
order was adopted by the Telegraph Divi-
sion on August 1. 1934:

“Until further notice, the pro-
visions of Rule 381 shall not be con
strued to apply to amateur opera-
tion on frequencies above 56,000
kilocycles.”

382. Power supply to transmitter.—Li
censees of amateur stations using frequen
cies below 30,000 kilocycles, shall use ade-
quately filtered direct-current power supply
for the transmitting equipment, to minimize
frequency modulation and to prevent the
emission of broad signals.



RCA INSTITUTES

A RADIO CORPORATION OF AMERICA SERVICF

Thorough Training Courses
In ANl Technical Phases Of

RADIO

RESIDENT SCHOOLS IN
NEW YORK and CHICAGO

Day and Evening Classes
Weekly Tuition Rates

EXTENSION COURSES
FOR HOME STUDY

Catalog Sent on Request
Address Dept. RA-37

RCA INSTITUTELS, Inc.

75 VARICK ST 1154 MERCHANDISE MART
NEW YORK CHICAGO

Recognized Standard in Radio Instraction Since 1909

Small enough to be used for detective and contact
pick-up, or as a lapel microphone! Incorporates all
the outstanding features of the famous Velotron'!
Output and quality high enough for general micro
phone requirements.

SPECIFICATIONS
Output 55 1b.
Impedance to grid
Freq. response Adjustable (30 to 14,000) C.P.S.
Pol. voltage 150 to 350 volts
Size 214 x 2% x W’
MODEL YOUR COST
SP (gunmetal finish) $7.94
SP-C (chromium finish) 8.54

For better results insist on “BRUNO”

LABORATORIES, Inc.
BR“N BOWESTISSTl.,EN.;r..é.

AMATEUR
HEADQUARTERS IN
WESTERN NEW YORK

Representing the best in amateur parts. We
stock quality merchandise of leading manu-
facturers. Aladdin Products; Amphenol
sockets; Centralab; Cornell Dubilier; Card-
well condensers; Coto coils; Eby products;
General transformers; Gordon Specialties;
Hammarlund Products; Hallicrafters; Insu-
line Products; ILR.C. resistors; Johnson
Products; Meissner Products; National
Union Tubes; Ohmite Resistors; Radio Mfg.
Engineers; R.M.E.; Raytheon Transmitting
t-t'lbcs; Speedex Keys; Sprague; Taylor

tubes; Thordarson Transformers; and
many other items. Mail orders promptly
filled.

RADIO PARTS & EQUIPMENT CO.

244 CLINTON AVENUE NORTH
ROCHESTER, N. Y.

“SERVICE WITH EVERY SALE”

RADIO SPECIALISTS

“JUST LISTEN”
LEARN

WITH THE C o D E

\UTOMATIC Omnigraph

Metal Easy

Dials Ouick
Changed Cheap

FREE Expert

OMNIGRAPH TRAINING
HAS HELPED THOUSANDS

to mecure ideal positions. You ean get *“places’ too

Siarted over 37 yeara ago when Radio wns in its
infancy, the mnigraph has proven its worth by
actual use. Beginners, Amatenrs and @perntors
agree the Omnigraph ia the best for Code. Sends
thousands of message eombinations. Autemnatically
changed without stop. Practical and foolproof.

LIKE LEARNING FROM AN EXPERT.

Omnigraph owners for over 30 yeurs still write
wa. Your first cost, the Ilnat expense. Friced right
and everlnsting.

When you buy the Omnigraph, you buy “STAN.
DARD QUALITY' and excellence.

Write for booklet M

Che Oumigraph Co.

810 FAST 30th ST. BROOKLYN, N.Y.

SR ST A Y i R

e s - o

e i



138

383.  Authorized power.—Licensees of
amateur stations are authorized to use a
maximum of power input of 1 kilowatt to
the plate circuit of the final amplifier stage
of an oscillator-amplifier transmitter or to
the plate circuit of an oscilator transmitter.

384. Transmission of call.—An operator
of an amateur station shall transmit its as
signed call at least once during each 15
minutes of operation and at the end of each
transmission. In addition, an operator of
an amateur portable, or portable-mobile
radiotelegraph station shall transmit im
mediately after the call of the station, the
break sign (BT) followed by the number
of the amateur call area in which the port
able or portable-mobile amateur station
is then operating, as for example:

Example 1. Portable or portable-mobile
amateur station operating
in the third amateur call
area calls a fixed amateur
station: WIABC WIABC
WIABC DE W2DEF, BT3
WZ2DEF BT3 W2DEF BT3
AR
Fixed amateur station ans-
wers the portable or port-
able-mobile amateur station:
WZ2DEF W2DEF W2DEF
DE WIABC WI1ABC WI-
ABC K
Portable or portable-mobile
amateur station calls a port
able or portable-mobile am-
ateur station: W3IGHI W3-
GHI W3GHI DE W4JKIL
BT4 W4JKIL BT4 W4JKL
BT4 AR

If telephony is used, the call sign of the
station shall be followed by an announce-
ment of the amateur call area in which the
portabie or portable-mobile station is op
erating.

384a. In the case of an amateur licensece
whose station is licensed to a regularly com:
missioned or enlisted member of the United
States Naval Reserve, the Commandant of
the naval district in which such reservist
resides may authorize in his discretion the
use of the call letter prefix “N,” in lieu of
the prefix “W” or “K"” assigned in the li-

Example 2.

Example 3.

cense issued by the Commission, provided

that such “N" prefix shall be used only when
operating in the irequency bands 1715-2000
kilocycles, 3500-4000 kilocycles, 56,000 to
60,000 kilocycles and 400,000 to 401,000 kilo-
cycles in accordance with instructions to be
issued by the Navy Department.

385. Quiet hours.—In the event that the
operation of an amateur radio station causes
general interference to the _reception of
broadcast programs with receivers of mod-
ern design, that amateur station shall not
operate during the hours from 8 o’clock
p.m. to 10:30p.m., local time, and on Sun-

Rudio Amateur Course

day from 10:30 a.m., until 1 p.m,, local time,
upon such frequencies as cause such in
terference.

386. Logs.—liach licensec of an amateur
tation shall kecp an uccurate log of sta
tton operation to be made available upon re
quest by authorized Government repre
entatives, as follows:

The date and time of each transmis
ion. The date need only be entered once
for each day's operation. The expression
“time of each transmission” means the time
of making a call and need not be repeated
during the sequence of communication
immediately follows; however, an entry
shall be made in the log when “signing
off" so as to show the period during which
communication was carried on.)

b. The name of the person manipulat
ing the transmitting key of a radiotele
graph transmitter or the name of the per-
son operating a transmitter of any other
type (type A13 or A14 emission) with state-
ment as to type of emission. (The name
necd only be entcred once in the log pro
vided the log contains a statement that all
transmissions were made by the person
named except where otherwise stated. The
name of any other person who operates the
station shall be entered in the proper space
for his transmissions.)

c. Call letters of the station called. (This
entry need not be repeated for calls made
to the same station during any sequence
of communication provided the time of
“signing off” is given.

d. The input power to the oscillator, or
to the final amplifier stage where an oscil.
lator amplifier transmitter is employed
(This need be entered only once providing
the input power is not changed.)

e. The frequency band used. (This in
formation need be entered only once in the
log for all transmissions until there is a
change in the frequency to another amateur
band.)

f. The location of a portable or port
able-mobile station at the time of each
transmission This need be entered qnly
once, provided the location of the station
15 not changed. However, suitable entry
shall be made in the log upon changing
location, showing the type of vehicle or
mobile unit in which the station is operated,
and the approximate geographical location
of the station at the time of operation.)

g The message traffic handled. (If rec-
ord communications are handled in regu-
lar message form, a copy of each message
sent and received shall be entered in the
log or retained on file for at least one year.)

387. Portable stations.—Advance notice
of all locations in which portable amateur
stations will be operated shall be given by
the licensee to the inspector in charge of
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the district in which the station is to pe op
erated. Such notices shall be made by let
ter or other means prior to any operation
contemplated and shall state the station
call, name of licensee, the date of pro
posed operation and the approximate lo
cations, as by city, town or county. An am
ateur station operating under this rule shall
not be operated during any period exceed
ing 30 days without giving further notice to
the inspector in charge of the radio inspec
tion district in which the station will be op.
erated. This rule does not apply to the op:
eration of portable or portable-mobile am
ateur stations on frequencies above 28,000
kc. authorized by amateur stations. (See
Rule 368)

400. Only amateur operators may oper-
ate amateur stations.—An amateur station
may be operated only by a person holding a
valid amateur operator’s license, and then
only to the extent provided for by the class
of privileges for which the operator’s li-
cense is endorsed.

401, Validity of operator’s license.—Am
ateur operator’s licenses are valid only for
the operation of licensed amateur stations,
provided, however, any person holding a
valid radio operatot's license of any class
may operate stations in the experimental
service licensed for, and operating on, fre-
quencies above 30,000 kilocycles.

402. Proof of use.—Amateur station li
censes and or amateur operator licenses
may, upon proper application, be renewed
provided: (1) the applicant has used his
station to communicate by radio with at
least three other amateur stations during
the 3-month period prior to the date of
submitting the application, or (2) in the
case of an applicant possessing only an
operator's license, that he has similarly
communicated with amateur stations dur-
ing the same period. Proof of such com
munication must be included in the appli
cation by stating the call letters of the sta-
tion with which communication was car-
ried on and the time and date of each com
munication. Lacking such proof, the appli-
cant will be ineligible for a license for a
period of 90 days.

This rule shall not prevent renewal of
an amateur station license t¢ an applicant
who has recently qualified for license as an
amateur operator.

403. Class of operator and privileges.—
There shall be but one main class of ama-
teur operator’s license, to be known as “am-
ateur class,” but each such license shall be
limited in scope by the signature of the ex-
amining officer opposite the particular class
or classes of privileges which apply, as fol
lows:

Class A.—Unlimited privileges.

Class B.—Unlimited radiotelegraph priv-
iteges. Limited in the operation of ra-

Radio Amateur Courne

diotelephone amateur stations to the follow-
ing bands of frequencies: 1,800 to 2,000 kilo
cycles; 28,000 to 29,000 kitocycles; 56,000 to
60,000 kilocycles; 400,000 to 401,000 kilo-
cycles.

Class C.—Same as class B privileges, ex
cept that the Commission may require the
licensee to appear at an examining point
for a supervisory written examination and
practical code test during the license term
Failing to appear for examination when di.
rected to do so, or failing to pass the su
pervisory examination, the license held will
be canceled and the holder thereof will not
be i1ssued another license for the class C
privileges.

404. Scope and places of examinations.—
The scope of examinations for amateur op
crators’ licenses shall be based on the clases
of privileges the applicant desires, as fol
lows:

Class A.—To be eligible for examination
for the class A amateur operator’s privileges
the applicant must have been a licensed
amateur operator for at least 1 year and
must personally appear at one of the Com
mission’s examining offices, and take the
supervisory written examination and code
test. See pars. 2h (1), 30, and 408.) Examin-
ations will be conducted at Washington, D.

on Thursday of each week, and at each
radio district office of the Commission on the
days designated by the inspector in charge
of such office. In addition, examinations
will be held quarterly in the examining
cities listed in paragraph 30 on the dates
to be designated by the inspector in charge
of the radio district in which the examining
city 1s situated. The examination will in-
clude the following:

a. Applicant’s ability to send and receive
in plain language messages in the Contin
ental Morse Code (5 character to the word)
at a speed of not less than 13 words per
minute

b. Technical knowledge of amateur ra-
dio apparatus, both telegraph and telephone.

¢. Knowledge of the provisions of the
Communications Act of 1934, subsequent
acts, treaties, and rules and regulations of
the Federal Communications Commission,
affecting amateur licensees.

Class B.—The requirements for class B
amateur operators’ privileges are similar to
those for the class A, except that no expe
rience 1s required and the questions on ra
dnotelep‘hone apparatus are not so com-
prehensive in scope.

Class C.—The requirements for class C
amateur operators’ privileges shall be the
same as for the class B except the examina
tion will be given by mail. Applicants for
class C privileges must reside more than
125 miles air line from the nearest exam-
iming point for class B privileges, or in a
camp of the Civilian Conservation Corps.
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or be in the regular military or naval serv
ice of the United States at a military post
or naval station; or be shown by physi
cian’s certificate to be unable to appear foi
examination due to protracted disability

405. Recognition of other classes of li-
censes.—An applicant for any class of am
ateur operator’s privileges who has held a
radiotelephone second-class operator’s li
cense or higher, or an equivalent commer
cial grade license, or who has been ac
corded unlimited amateur radiotelephone
privileges, within 5 years of the date of ap
plication may only be required to submit
additional proof as to code ability and/or
knowledge of the laws, treaties, and regula
tions affecting amateur licensees.

406. An applicant for the class B or C
amateur operator’s privileges who has held
a radiotelegraph third-class operators’ li-
cense or higher, or an equivalent commer
cial grade license, or who has held an ama-.
teur extra first-class license within 5 years
of the date of application may be accorded
a license by passing an examination in laws,
treaties, and regulations affecting amateur
licensees.

407. Code ability to be certified by li-
censed operator.—Amn applicant for the class
C amateur operator’s privileges must have
his application signed in the presence of a
person authorized to administer oaths by
(1) a licensed radiotelegraph operator other
than an amateur operator possessing only
the class C privileges or former temporary
amateur class license, or (2) by a person
who can show evidence of employment as
a radiotelegraph operator in the govern:
ment service of the United States. In either
case the radio telegraph code examiner
shall attest to the applicant’s ability to send
and receive messages in plain language in
the continental Morse code (5 characters to
the word) at a speed of not less than 13
words per minute. The code certification
may be omitted if the applicant can show
proof of code ability in accordance with the
preceding rule.

408. Applications.—Each application for
an instrument of authorization shall be
made ir writing, under oath of the appll.
cant, on a form prescribed and furnished
by the Commission. Separate application
shall be filed for each instrument of author
ization requested.

The required forms may be obtained
from the Commission or from any of its
field offices.

Radio Ammateur Course

409. Grading of examinations.—The per
centage that must be obtained us a passing
mark in each examination is 75 out of a pos
sible 100. No credit will be given in the
rading of papers for experience or know!
edge of the code. 1f an applicant answers
only the questions relating to laws, treaties
and regulations by reason of his right to
ubmit other subjects because of having
held a recognized class of license, a per
centage of 75 out of a possible 100 must be
obtained on the questions answered

410. Operator’s and station licenses to
run concurrently—An amateur station h
cense shall be issued so as to run con
currently with the amateur operator’s li
cense and both licenses shall run for 3
years from the date of issuance. [f either
the station license or the operator's license
is modified during the license term, both
licenses shall be reissued for the full 3-year
term: Provided, however, if an operator's
license is modified only with respect to the
class of operator’'s privileges, the old i
cense may be endorsed, in which case the
expiration date will not change.

411. Eligibility for reexamination.—No
applicant who fails to qualify for an oper-
ator’s license will be reexamined within 90
days from the date of previous examination.

412. Penalty.—Any attempt to obtain an
operator’s license by fraudulent means, or
by attempting to impersonate another, or
copying or divulging questions used in ex-
aminations, or, if found unqualified or un
fit, will constitute a violation of the regu
lations for which the licensee may suffer
suspension of license or be refused a license
and/or debarment from further examina
tion for a period not exceeding 2 years at
the discretion of the licensing authority

413. Duplicate licenses.—Any licensee ap
plying for a duplicate license to replace an
original which has been lost, mutilated, or
destroyed, shall submit an affidavit to the
Commission attesting to the facts regard-
ing the manner in which the original was
lost. Duplicates will be issued in exact con.
formity with the original and will be marked
“duplicate” on the face of the license.

414. Oath of secrecy.—Licenses are not
valid until the oath of secrecy has been ex-
ecuted and the signature of the licensee
affixed thereto.

415. Examination to be written in long-
hand.—All examinations including the code
test, must be written in longhand by the
applicant.
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NEW TAYLOR
MANUAL

Brand New! 44 pages — each
one is chockful of modern,
up-to-the-minute transmitter
data. Here are a few of the
many features contained in this
new Taylor Manual. Photos of
chassis layouts, circuit dia-
grams by the score—new, com-
plete L/C charts — tube char-
acteristics—Class B audio data.
Full operating information on
the New Taylor Zero Bias Tubes
TZ-20 and 203Z. 1t’s the most
important amateur handbook
of 1937. Get your copy NOW
from your favorite parts jobber
or write to Taylor Tubes direct.
The Taylor Manual is well
worth a real price tag but it is
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