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CHAPTER SEVEN

Transmitter Theory

The general function of a transmitter is to
generate a signal of a desired frequency and
to modulate this signal in accordance with
the intelligence to be transmitted. The radio
frequency energy from the transmitter is most
commonly carried by a transmission line to a
radiating system or antenna from whence the
intelligence-carrying energy is radiated into
space. Transmission lines and antennas will
be treated in the chapter devoted to An-
tennas; the theory of operation of the various
divisions of the transmitter proper will be
discussed in the following pages.

The usual transmitter will contain the fol-
lowing general divisions: an oscillator, either
crystal or self-controlled; one or more fre-
quency multiplying stages; one or more radio-
frequency amplifying stages and a system
for either keying or modulating by voice the
output of the final amplifier stage. However,
a transmitter need not necessarily have all
the stages mentioned above, and, in fact, may
be merely an oscillator whose output is con-
trolled by a telegraph key.

Oscillators

As was mentioned earlier, in the chapter
devoted to the theory of vacuum tubes, the
amplifying properties of a tube having three
or more elements give it the ability to generate
an alternating current of a frequency de-
termined by the components associated with
it. A vacuum tube operated in such a ecircuit
is called an oscillator, and its function is es-
sentially to convert a source of direect cur-
rent into radio frequency alternating current
of a predetermined frequency. Oscillators
for controlling the frequency of conventional
radio transmitters can be divided into two
general classifications: self-controlled and
erystal-controlled.

There are a great many types of self-
controlled oscillators, each of which is best
suited to a particular application. They again
can further be subdivided into the classifica-
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tions of: negative-grid oscillators, electron-
orbit oscillators, and negative-resistance
oscillators.

Negative-Grid Oscillators. A negative-
grid oscillator is essentially a vacuum-tube
amplifier with a sufficient portion of the out-
put energy coupled back into the input ecir-
cuit to sustain oscillation. They are called
negative-grid oscillators because, in contrast
to certain other oscillator circuits, the grid is
biased a considerable amount negative with
respect to the cathode. It is this classification
of oscillator which finds most common appli-
cation in low- and medium-frequency trans-
mitter control cireuits, The various common
types of negative-grid oscillators are dia-
grammed in figure 1.

The Hartley. Figurel (A) illustrates the
oscillator eircuit which finds the most general
application at the present time; this cireuit
is eommonly called the Hartley. The opera-
tion of this oscillator will be described as an
index to the operation of all negative-grid
oscillators; the only real difference between
the various ecireuits is the manner in which
energy for excitation is coupled from the
plate to the grid cireuit.

Operation of the Hartley Oscillator.
When the plate voltage is applied to the plus
and minus terminals of the Hartley oscillator
shown at (A), the sudden flow of plate cur-
rent accompanying the application of plate
voltage will cause an electro-magnetic field to -
be set up in the vieinity of the eoil. The
building-up of this fleld will cause an instan-
taneous potential drop to appear from turn-
to-turn along the coil. Due to the induective
coupling between the portion of the eoil in
which the plate current is flowing and the
grid portion, a potential will be induced in
the grid portion. Since the cathode tap is
between the grid and plate ends of the coil,
the induced grid voltage acts in such a manner
as to increase further the plate current to the
tube. This action will continue for a small
period of time determined by the inductance
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Figure 1.
COMMON TYPES OF SELF-EXCITED OSCILLATORS.

and capacity of the tuned circuit, until the
“flywheel” effect of the tuned circuit causes
this action to come to a maximum and then
to reverse itself. The plate current then de-
creases, the magnetic field around the coil
also decreasing, until a minimum is reached
when the action starts again in the original
direction and at a greater amplitude than be-
fore. The amplitude of these oscillations,
the frequency of which is determined by the
coil-condenser circuit, will increase in a very
- small period of time to a limit determined by
the plate voltage or the cathode emission of
the oscillator tube.

The Colpitts. Figure 1 (B) shows a ver-
sion of the colpitts oscillator. It can be seen
that this is essentially the same cireuit as the
Hartley except that a pair of capacitances in
series are employed to determine the cathode
tap, instead of actually using a tap on the
tank coil. Also, the net capacity of these two
condensers comprises the tank capacity of
the tuned circuit.

The T.P.T.G. The tuned-plate tuned-grid
or t.p.t.g. oscillator illustrated at (C) has a

tank eircuit in both the plate and grid circuits.
The feedback of energy from the plate to the
grid cirenits is accomplished by the plate-to-
grid interelectrode capacity within the tube.
For best operation of the Hartley and Col-
pitts oseillators the voltage from grid to
cathode, determined by the tap on the coil
or the setting of the two condensers, should
be from one-third to one-fifth that appearing
between plate and cathode. In the t.p.t.g.
oscillator the grid circuit should be tuned to
a frequency slightly lower than that of the
plate circuit for best operation. The fre-
quency of oscillation is determined primarily
by the constants of the plate cireuit, and there-
fore a broadly resonant or aperiodic coil may
be substituted for the grid tank to form the
T.N.T. oscillator shown at (D).
Electron-Coupled Oscillators. In any of
the three oscillator circuits just deseribed it
is possible to take energy from the oscillator
circuit by coupling an external load to the
tank circuit. Since the tank circuit determines
the frequency of oscillation of the tube, any
variations in the conditions of the external

Y
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eireuit will be coupled back into the frequency
determining portion of the oseillator. These
variations will result in frequency instability.

Two oscillators in which the frequency de-
termining portion of the oscillator is coupled
to the load cireunit only by an electron stream
are illustrated in (E) and (F') of figure 1.
When it is considered that the screen of the
tube acts as the plate to the oscillator circuit,
the plate acting as a coupler to the load, then
the similarity between the cathode-grid-sereen
circuit of these oscillators and the eathode-
grid-plate circuits of the ecorresponding
prototype.

The advantage of the electron-coupled os-
cillator over conventional types is in the
greater stability with respect to load and
voltage variations that can be obtained. Load
variations have very little effect on the fre-
quency of operation of the e.c.o., since the
only coupling between the oscillating cireuit
and the load is through the electron stream
flowing through the other elements to the
plate. The plate is electrostatically shielded
from the oscillating portion by the screen,
which is at ground potential with respect to
r.f.

The stability of the electron-coupled type
of oscillator with respect to variations in sup-
ply voltages comes from an entirely different
source. It is a peculiarity of such an oseil-
lator that the frequency will shift in one diree-
tion with an increase in screen voltage while
an increase in plate voltage will cause it to
shift in the other direction. By a proper
proportioning of the resistors that comprise
the voltage divider supplying screen voltage,
it is possible to make the frequency of the
oscillator substantially independent of sup-
ply voltage variations; the tendency of an in-
crease in sereen voltage to make the frequency
shift in one direction is counterbalanced by
the effect of the increase in plate voltage to
make the frequency shift in the other diree-
tion.

V. F. 0. Transmitter Controls. Dur-
ing the last year or two there has been an
increasing tendency to break away from the
standard erystal oscillator as the only means
of controlling the frequency of a transmitter
because of the necessarily limited flexibility
of such an oscillator. The new tendency has
been toward the use of highly stabilized
variable-frequency oscillators as transmitter
controls in amateur equipment. These oscil-
lators are nothing more than certain types of
self-excited oscillators in which adequate
precautions have been taken to insure that
they shall be as stable as possible with re-
spect to load and supply voltage variations.

Due to the better inherent stability of the
electron-coupled type of oscillator, a number
of the recent designs for wv.f.o’s (as the
variable-frequency oscillators for transmitter
frequency control are called) have used this
type of oscillator. However, one disadvan-
tage of the electron-coupled oscillator is that
the cathode and heater are not at the same
r.f. potential. This gives rise to difficulties
due to heater-cathode leakage, heater-cathode
capacity variation with changes in tempera-
ture, and coupling of stray r.f. energy from
the heater into the ecathode cireuit.

As a consequence of this disadvantage of
the electron-coupled oscillator, another group
of the recent designs for v.f.0.’s (variable-
frequency oscillators) have used grounded-
cathode oscillator cireuits of the modified
Hartley type. A v.f.o.of this design is shown
in the chapter Ewciters and Low-Powered
Transmitters. Since the cathode of an osecil-
lator of this type is at ground potential, it is
impossible for r.f. energy from an external
source to be coupled into the oscillating cireuit
from the heater cirenit. However, the use of
any type of oscillator as a transmitter control
means that it must be carefully construeted,
both from the electrical and from the me-
chanieal standpoint.

Other Oscillator Circuits

Electron-Orbit Oscillators, Of the other
oscillator eircuits the negative-resistance and
electron-orbit types are the most common of
the self-excited class. Electron-orbit oseil-
lators are used only for extremely high-
frequency work (above 300 Me.) and depend
for their operation upon the fact that an
electron takes a finite time to pass from one
element to another inside a vacuum tube.
The G@Gill-Morrell, Barkhausen-Kurtz, and
Kozanowski oscillators are examples of this
type and are described in the Ultra-High Fre-
quency Transmilters chapter. Amnother spe-
cial type of u.h.f. oscillator is the magnetron,
which is also deseribed in the u.h.f. chapter.
This type employs a filament surrounded by a
split plate to which are connected rods ecom-
prising a linear tank ecircuit. The tube is
operated in a strong magnetic field ; hence the
name, magnetron.

Negative Resistance Oscillators. The
other common type is the negative-resistance
oscillator, which is used when unusually high
frequency stability is desired, as in a fre-
quency meter. The dynatron of a few years
ago and the transitron of more recent fame
are examples of oscillator circuits which make
use of the negative resistance characteristic
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between different elements in a multi-grid
tube. In the dynatron the negative resistance
is a consequence of secondary emission of elec-
trons from the plate of the tube. By a proper
proportioning of the electrode voltages an
increase of screen voltage will cause a decrease
in screen current; from this comes the term,
negative resistance. A similar effect in the
transitron is produced by coupling the screen
to the suppressor; the negative resistance in
this case is due to interelectrode coupling
rather than to secondary emission.

The Franklin Oscillator, Another circuit
which makes use of two cascaded tubes to ob-
tain the negative-resistance effect is the
Franklin osecillator illustrated in figure 2.
The tubes may be either a pair of triodes, tet-
rodes, or pentodes, a dual triode, or a com-
bination of a triode and a multi-grid tube.
The chief advantages of this oscillator circuit
are that only very loose coupling between the
two tubes and the tank cireuit, LC, is required,
and that the frequency determining tank only
has two terminals and one side of the cirenit
is grounded. Condensers C; and C; need be
only one or two uufd. for satisfactory opera-
tion of the oscillator; this means that tube
capacity and input resistance variations will
have only an extremely small effect on the
frequency of oscillation.

Crystal Controlled Oscillators

‘When it is desired to hold the frequency of
a transmitter very closely to a certain definite
value or to keep it within an assigned fre-
quency tolerance, reliance is very commonly
placed upon the piezo-electric properties of a
plate cut from a natural crystal of quartz.
Quartz crystals are very widely employed by
amateurs and commercial services as fre-
quency controls; hence some of the important
charaecteristics of piezo-electric minerals will
be mentioned before entering into a discussion
of the oscillators that make use of these char-
acteristics for frequency control.

Quartz Crystals. Quartz and tourmaline
are naturally occurring ecrystals having a
structure such that when plates are cut in cer-
tain definite relationships to the crystallo-
graphic axes, these plates will show the
piezo-electric effect—the plates will be de-
formed in the influence of an electric field,
and, conversely, when such a plate is eom-
pressed or deformed in any way a potential
difference will appear upon its opposite sides.

‘When such a quartz plate is placed in a
circuit with a vacuum-tube amplifier having
the output circuit coupled back into the in-
put, and a tuned circuit in series with the

QUTPUT

I ——

i

L
l

AAAAA
VWWW

Figure 2.
THE FRANKLIN OSCILLATOR CIRCUIT.
In this oscillator a separate phase-inverter tube
is used to feed a portion of the output back into
the input circuit in the proper phase to sustain
oscillation.
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plate of the amplifier tube, the circuit will
self-oscillate at a frequency primarily de-
termined by the frequency of mechanical res-
onance of the quartz plate. The frequency
of mechanical resonance or frequency of oscil-
lation of a quartz plate is dependent upon its
physical dimensions and upon a constant de-
termined by the crystallographic (or optical)
cut of the plate. The stability of the fre-
quency of oscillation of a crystal controlled
oscillator is dependent upon the Q of the
quartz plate (determined by the optical cut,
the accuracy of grinding, and the method of
mounting) and upon the coefficient of tem-
perature drift which is determined primarily
by the optical cut of the plate.

Crystal Cuts. The face of an X cut or Y
cut erystal is made parallel to the Z axis in
figure 3. Special cut erystals, known as AT
cut, V cut, LD2, HF2, etc., are cut with the
face of the crystal at an angle with respect
to the Z axis, rather than being parallel to it.
The purpose of the special cuts is to increase
the power handling ability of the plates in
some cases, but especially to reduce their tem-
perature coefficient. AT, V, B5 and LD2 cut
crystals have temperature coefficients ap-
proaching zero, and they should be used in
radio transmitters in which accurate fre-
quency control is essential. These crystals
eliminate the need of a erystal oven for ama-
teur work. A constant operating temperature
is still required for many commercial appli-
cations, but the oven temperature need not be
kept within as close limits as for an X or Y
cut plate.

Spurious Peaks. Crystals that oscillate at
more than one frequency are commonly known
as crystals with multiple peaks. The dual vi-
brational tendency is more pronounced with
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Figure 3.
SECTION THROUGH A QUARTZ CRYSTAL
SHOWING THE AXES OF THE RAW QUARTZ.

Y cuts, but to a certain degree is exhibited
by many X cuts. The use of a well designed,
space-wound, low C tank coil in an oscillator
will tend to discourage the erystal from oseil-
lating at two frequencies, and in addition will
increase the output. Experiments have shown
that the frequency stability is not improved
by large tank capacities, which only tend to
augment the double frequency phenomenon.

Twin frequencies appear in several ways:
sometimes the crystal will have two frequen-
cies several hundred cycles apart, and will
oscillate on hoth frequencies at the same time
to produce an acoustically audible beat note.
Other crystals will suddenly jump frequency
as the tank tuning condenser is varied past a
certain setting. Operation with the tank
condenser adjusted near the point where the
frequency shifts is very unstable, the crystal
sometimes going into oscillation on one fre-
quency and sometimes on the other as the
plate voltage is eut on and off. Still other
erystals will jump frequeney only when the
temperature is varied over a certain range.
And some plates will jump frequency with a
change in either tank tuning or temperature.

Edge-of-Band Operation. When operat-
ing close to the edge of the band, it is advisable
to make sure that the erystal will respond to
but one frequency in the holder and oscillator
in which it is funectioning; any crystal with
two peaks can jump frequency slightly with-
out giving any indication of the change in
the meter readings of the transmitter. If the
transmitter frequency is such that operation
takes place on the edge of the band at all
times, under all conditions of room tempera-
ture, some form of temperature control will
be required for the erystal unless it is of the
zero drift type.

When working close to the edges of the 14
or 28 Me. band, it is essential that the erystal
temperature be kept at a fairly constant
value; the frequency shift in kiloeycles per
degree increases in direct proportion to the

operating frequency, regardless of whether
the fundamental or harmonic is used. When
a crystal shifts its frequency by two kilo-
cycles, its second harmonic has shifted 4 kilo-
cycles. Amateurs not operating on the edge
of the band generally need not concern them-
selves about frequency drift due to changes
in room temperature.

If a pentode or beam tetrode tube having a
plate potential of approximately 300 volts is
used for the erystal oscillator, the temperature
of the erystal, regardless of cut, should not
inerease enough to cause any notlceable drift
even at 14 megacycles. When a erystal oseil-
lator is keyed on 3.5 or 1.7 megacycles, the
frequency drift is not of any consequence,
even with much higher values of plate input,
because of the keying and of the fact that the
drift is not multiplied as it would be with
harmonie operation of a final amplifier.

The Crystal Holder. Crystal holders have
a large effect on the frequency; for example,
the frequency of an 80-meter erystal can vary
as much as 3 kilocycles in different holders.
In fact, erystals can be purchased in variable
gap holders which enable the operator to vary
the frequency by varying the air gap. From
20 to 50 ke. shift can be obtained at 14 Me.
with the newer types of variable gap crystals.

High-Frequency Crystals. Forty-meter
crystals can be treated much the same as 80-
meter crystals, provided they are purchased
in a dust-proof holder from a reliable manu-
facturer. However, it is a good idea with 40-
meter erystals to make sure that the crystal
current is not excessive, as it will run higher
in a given osecillator cireuit than when a lower
frequency crystal is used in the same cireuit
at the same voltage. A low loss, low C tank
circuit and a pentode or beam type oscillator
tube are desirable.

Third-Harmonic Crystals (14 and 28 Mec.).
Twenty- and 10-meter crystals, especially the
latter, require more care in regard to cireuit
details, components and physical layout.
These crystals are not of the zero drift type,
as such erystals would be too thin to be of
practical use. A special thick eut operated on
a harmonic (almost always the third) is used
to give the crystal sufficient mechanical rug-
gedness. Crystals of this cut have a drift of
approximately 40-45 cycles/Mec/deg. C. This
means that such erystals must be run at very
low power levels not only to avoid fraecture,
but to prevent excessive drift. However, their
use permits eonsiderable simplification of a
wh.f. transmitter.

A type 41 tube, running at 275 volts on the
plate and 100 volts on the sereen, makes a
good oscillator tube for a 20-meter crystal.
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Bias should be obtained from a 500-ohm eath-
ode resistor rather than from a grid leak.
Very light loading, preferably with inductive
coupling, is required. The tank coil should be
low loss, preferably air-supported or wound
on a ceramic form.

Medium high p triodes with high transeon-
ductance and low input and output eapacities
make excellent 10-meter crystal oscillators.
The types RK34, 6J5G and 955 are the most
satisfactory oscillators, the 6J5@ giving the
greatest output besides being the least ex-
pensive.

Contrary to general practice with pentode
crystal oscillators, the plate tank circuit
should not be too low C; a moderate amount
of tuning capacity should be used in a 10-
meter triode erystal oscillator. The plate
voltage on the oscillator tube should not be
allowed to exceed 200 volts. About 2 watts
output is obtainable from the 10-meter oseil-
lator tank at this plate voltage. The tank
coil ean consist of 8 turns of no. 12 wire, air-
wound to a 34-inech diameter and spaced the
diameter of the wire. Bias should be obtained
from a 200-ohm cathode resistor (by-passed)
and no grid leak. Connecting leads should be
short and components small physically.

Both 10- and 20-meter erystal oscillators
should be followed, where practicable, by a
tube of high power gain, such as the 807. This
reduces the number of tubes required in a
high power stationary u.h.f. transmitter.

A 10-meter erystal oscillator with a 6J5G,
driving a 6V6G doubler using a 150,000-ohm
grid leak, makes an excellent 5-meter mobile
transmitter. The latter tube can be either
plate or plate-and-sereen modulated. The
modulation is better, especially when dou-
bling, if both plate and screen are modulated.

Crystal Oscillator Circuits

Crystal oscillators ean be divided into three
classifications: (1) low power cireuits, which
require several additional buffer stages to
drive medium or high power final amplifiers;
(2) high power ecrystal oscillators, which
minimize the number of buffer stages in a
transmitter; (3) harmonie erystal oscillators,
which operate on more than one harmonieally
related band from one quartz crystal.

Low power erystal oseillators are often re-
quired in transmitter design where extremely
aceurate frequency control is needed. The
erystal oscillator tube is operated at low plate
potential, such as 200 volts, with the result
that oscillation is relatively weak. This means
that there will be less heating effect in the
quartz plate; the frequeney drift, due to

SIMPLE TETRODE
CRYSTAL OSC.

Figure 4.
TYPICAL CRYSTéll."_IQSCILLATOR CIR-

This circuit has been found to be the most satis-
factory for the frequency control of a multi-stage

transmitter. A 6L6, or for that matter any
pentode or power beam tetrode may be used with
comparable success.

changes in temperature, is therefore mini-
mized.

Mere operation of a quartz erystal oscillator
tube at relatively low plate voltage does not
neeessarily mean a low degree of frequency
drift; a type of erystal oscillator tube must
be used whieh has high power sensitivity, high
n and low feedback (interelectrode) eapacity.
The amount of feedback determines the value
of r.f. current flowing through the quartz
plate and thus determines the amplitude of
the physieal vibration of the quartz plate.
Any tube which requires only a very small
amount of grid exeitation voltage and has low
grid-to-plate eapacity can be used to supply
relatively high-power output in a erystal oseil-
lator without heating of the quartz plate.

High-power crystal oscillators are those
which operate with as high a plate voltage as
can be used with only moderate heating of the
quartz erystal. Many transmitters, such as
those used for amateur work, do not require
as high a degree of frequency stability as do
radiotelephone transmitters used for com-
mereial services. The relatively high output
from such erystal oscillators usually means
the elimination of one or two buffer-amplifier
stages. This simplifies the transmifter and
may result in more trouble-free operation.
There are a great many types of tubes suit-
able for high-power erystal oscillators, some
of which are also used in high-stability low-
power crystal oscillators by merely reducing
the electrode voltages.

The erystal oscillator eircuit in figure 4 is
the standard oscillator circuit and uses either
a pentode or beam tetrode tube. It operates
on one frequeney only, and the plate circuit is
tuned to a frequeney somewhat higher than
that of the quartz erystal.

The actual power output of a erystal osecil-
lator, such as shown in figure 4, is from one to
fifteen watts, depending upon the values of
plate and screen voltage. The use of AT-cut
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TYPICAL PIERC(E:U"QSCILLATOR CIR-

No tank circuit is required with this type of

crystal oscillator circuit. However, the crystal

current is quite high for the amount of output
voltage obtained.

or low temperature coefficient quartz plates
allows higher values of output to be obtained
without exceeding the safe r.f. erystal eurrent
ratings or encountering frequency drift.
X-cut and Y-cut crystals, especially the latter,
must be operated with comparatively low
cerystal current because they not only will not
stand as much r.f. erystal current, but also
have a higher temperature coefficient.

Pierce Crystal Oscillator. One of the
earliest crystal oscillator circuits recently en-
joyed a revival in popularity. This is the
Pierce oscillator, in which the erystal is con-
nected directly from plate to grid of the oscil-
lator tube, the crystal taking the place of the
tuned tank ecircuit in an ultra-audion oseil-
lator. Just as in the ultra-audion, the amount
of feedback depends upon the grid to cathode
capacity. Thus, it is only necessary to con-
nect from grid to cathode a fixed condenser
permitting the proper amount of feedback for
the tube and frequeney band used. The ca-
pacity is not at all eritical, and ordinarily it is
not necessary to change the capacity even
when changing bands.

FUNDAMENTAL
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DUAL TRIODE OSCILLATOR DOUBLER

Figure 6.
TYPICAL TWIN-TRIODE OSCILLATOR-
DOUBLER CIRCUIT.
Any dual triode of the 7F7, 6N7, 6F8G, 6A6, 53
class may be used in this simple circuit to obtain
output on either the crystal frequency or its
second harmonic.

CRYSTAL
6N7 or 6A6 FREQUENCY

oyTPUT

Figure 7.
REGENERATIVE DUAL-TRIODE OSCIL-
LATOR

By using one section of a dual triode as a crystal

oscillator and the other section as a regenerative

frequency muitiplier, output on frequencies as

high as the eighth harmonic of the crystal fre-
quency may be obtained.

The chief advantage of the oscillator is that
it requires no tuned circuits. The chief dis-
advantage is that the maximum obtainable-
output is low, due to the fact that not over
200-250 volts can be used safely. Also, it
works well only with 160- and 80-meter crys-
tals, though many 40-meter crystals will work
satisfactorily if the constants are chosen for
maximum performance on 40 meters.

The oscillator may be fed plate voltage
either through an r.f. choke or a resistor of
high enough resistance that it doesn’t act as a
low impedance path for the r.f. energy. A
considerably higher power output can be ob-
tained with an r.f. choke in the plate circuit
as compared to the use of a resistor in this
position. However, since the plate voltage
required on succeeding stages is invariably
greater than that used on the Pierce ecrystal
oscillator, the use of a resistor as the plate
load is to be recommended. A popular version
of the Pierce crystal oscillator circuit is shown
in figure 5.

Dual-Triode Oscillator-Doubler Circuits.
The types 6N7, 6A6, and 53 twin-triode tubes
are popular for circuits where one triode acts
as a erystal oscillator which drives the other
triode as a frequency doubler; one tube, there-
fore, serves a dual purpose, supplying ap-
proximately 5 watts output on either the
fundamental frequency or the second har-
monic of the quartz crystal. Two applications
of the twin-triode tube in a crystal oscillator
circuit are shown in figures 6 and 7.

Figure 6 is a circuit which ean be used with
quartz crystals cut for 160-, 80-, 40- or 20-
meter operation. The circuit shown in figure

7 can be made regenerative in the frequency-

multiplier section in order to use the second
triode as a tripler or quadrupler. By reducing
the capacity of the feedback condenser to a
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low enough value, the second triode can be
neutralized for use as a buffer stage. A suit-
able condenser for this purpose is a small
miea-insulated trimmer condenser having a
capaeity range of from 3-to-30yufds.

The resistor R shown in figure 7 should be
from 30,000 to 50,000 ohms in value, and gen-
erally the r.f. choke shown in series with this
resistor ean he omitted.

Harmonic Oscillator Circuits. Harmonie
oscillator eireunits ean be generally defined as
those crystal oscillator arrangements which
use a single tube and which allow power out-
put to be obtained on harmonies of the crystal
frequency. While these oscillator circuits have
the advantage that one or more tubes are
eliminated from the lineup, and sometimes
that a tuned cireuit is eliminated, they all have
the disadvantage that they are difficult to ad-
Just properly and they all have a tendeney
toward excessive crystal current when im-
properly tuned up. Five of the best known
and most satisfactory of these oscillator ecir-
cuits have been grouped together in figure 8.

The Tritet Crystal Oscillator. Any of the
common pentode, tetrode, or screen-grid tubes
may be used in the tritet erystal oscillator as
shown in figure 8A. There are really two
active eireuits in this oseillator arrangement:
the grid-cathode-sereen circuit which aets as
a triode crystal oscillator, and the cathode-
grid-plate circuit which acts as an r.f. ampli-
fier or frequency multiplier with its output
circuit shielded from the oscillator portion.
The tetrode or pentode plate circuit is electron
coupled to the oscillator cireuit. The plate
circuit is generally tuned to the second har-
monic and outputs of from 5 to 15 watts can
be obtained without damage to the quartz
crystal. This cirenit is an improvement over
the older forms of tritet in which a grid leak
was used in place of the grid r.f. choke, and
in which no eathode resistor and by-pass eon-
denser were included. The improved cireunit
(figure 8A) decreases the erystal eurrent as
much as 50 per cent, and thereby protects the
crystal against fracture. The cathode cireuit
is high C and is tuned to a frequeney which is
40 to 50 per cent higher than that of the erys-
tal. If an 802 or 807 is substituted for the 616
tube, the plate eireuit can be tuned to the
fundamental frequency of the erystal without
making it necessary to short-circuit the eath-
ode tuned cireuit. A further reduction in r.f.
crystal current may be obtained by eonnecting
a 140-pufd. variable condenser between the
bottom of the crystal and the top of the cath-
ode tank coil L,. This eondenser should be set
to the smallest value of capacity which will
permit steady oseillation and full output.

Regenerative Oscillator Circuits. Figures
8B and 8C show two versions of a regenerative
crystal oscillator circuit which requires only
one tank circuit and which is capable of giv-
ing power output on harmonies of the erystal

6L6 L2

L2

+400 V.

REGENERATIVE _L
TRIODE_CRYSTAL &

T
ST, T e
i

o | = gﬁy‘m L g
R °°°T E:

OSCILLATOR ‘l'

A
-8 = 250V. ()+400 V.

¥1.5 TURNS

@ REINARTZ 802 OSCILLATOR

6L6G

IMPROVED
HARMONIC

OSCILLATOR |x S

Figure 8,

REGENERATIVE OSCILLATOR CIRCUITS.
Full details of the operation of these oscillator
circuits and a comparison between them is given

in the text.
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frequency. Figure 8B shows the cireuit for
use with a triode tube such as the 76, 6C5,
6J5, and 7A4, given in the order of their
efficacy. 8C shows the same circuit adapted
for use with a pentode or beam tetrode such as
the 42, 61'6, 6V6, 6L6, or 7C5.

Triodes such as the 7A4, 6J5-GT, and the
76 will deliver as much as 2 or 3 watts with an
r.f, erystal current of between 10 and 60 ma.
for erystals from 160 to 10 meters. The tri-
ode circuit is excellent to drive a 6L6G buffer-
doubler and the screen supply voltage for the
6L6G tube may be applied to the 76 plate
circwit. This type of circuit is the only one
which works with all erystals, 10, 20, 40, 80
and 160 meters, whether they are extremely
active, such as a good X cut, or relatively in-
active such as most high-frequency crystals.
The triode will furnish from 1 to 2 watts at
twice erystal frequency when used with 160-,
80- or 40-meter erystals by tuning the plate
circuit to the second harmonie.

In figure 8B the cathode condenser, Cy,
usually is left at some setting of from 40 to
50 putd. for 40-, 80- and 160-meter crystals.

A 6F6 or 42 works very well in the fizure
8C ecircuit with a C, value of .0001 pfd. if
heavily loaded. Eight to 12 watts output
can be obtained easily from 160 to 20 meters
and about 5 watts on 10 meters. A 6L6G
tube requires a higher value of C;, about
0004 ,fd. unless heavily loaded.

Reinartz Crystal Oscillator. The Rein-
artz 802 crystal oscillator has a fix-tuned
cathode circuit which is resonated to approxi-
mately omne-half the erystal frequency. For
example, with an 80-meter crystal the cathode
circuit is tuned to 160 meters, the plate ecir-
cuit to 80 meters. Either an 802 or a 6F6
tube can be used in a Reinartz erystal oseil-
lator cirecuit. The output will be from 5 to
25 watts, depending upon the values of plate
and screen voltages. The 6F6 is used as a
high-y, triode in this same type of eircuit,
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Figure 9,
PUSH-PULL CRYSTAL OSCILLATOR.
Any of the dual-triode tubes make a quite satis-
factory push-pull crystal oscillator for feeding a
push-pull r.f. amplifier, a push-push doubler, or
merely to obtain somewhat greater output than
from a single-ended oscillator.

whereas the 802 is used as a pentode oseilla-
tor with additional control grid-to-plate
capacity feedback. The ecircuit is shown in
figure 8D.

The erystal r.f. current is quite low in
this eircuit, in comparison with the output
power which can be obtained. The eathode
circuit is tuned to half the frequency of the
erystal, and the reactive effeet produces re-
generation at the harmonic frequency. This
increases the operating efficiency of the tube
without danger of uncontrollable oscillation
at frequencies other than that of the erystal.

Improved Harmonic Oscillator. Figure
8E shows an improved version of a harmonie
oscillator arrangement which has been sug-
gested by Jones. It is quite similar to previ-
ous arrangements in regard to the general
hookup but in this arrangement the sereen
is by-passed back to the cathode (which
is hot to r.f.) rather than to ground. This is
said to increase the stability of the oscillator
and to increase the efficiency of the arrange-
ment when operating on harmonics of the
crystal frequency.

Push-Pull Crystal Oscillators. Figure 9
shows a simple erystal osecillator arrange-
ment which makes use of one of the common
dual-triode tubes as a push-pull oscillator.
The type 6A6, 6N7, and 7F7 dual triodes
make good push-pull erystal oseillators.

Outputs of from 5 to 10 watts can be ob-
tained from this circuit without exceeding
the ratings of the usual X-cut erystals. The
crystal eurrent for a push-pull oscillator is
but little higher than for a single triode of
the same type, and twice the output can be
obtained.

Some push-pull oscillators will not os-
cillate on 160 meters, the feedback being in-
sufficient in the push-pull connection to sus-
tain oscillation under load.

Tuning the Crystal Oscillator

In nearly every practical transmitter ecir-
cuit there will be some means for determining
proper tuning of the erystal oscillator stage.
Perhaps the most satisfactory of these tun-
ing indicators is the grid milliammeter of
the following stage. Maximum meter read-
ing indicates maximum output from the
erystal oscillator. Other indicators are: (1)
A small neon bulb held near the plate end
of the oscillator tuned eireuit; maximum
glow of the bulb indicates maximum oscilla-
tor output. (2) A flashlight bulb or a pilot
light bulb, connected in series with a turn of
wire fastened to a long piece of wood dowel
(to protect the operator) can he coupled to



Handbook

Crystal Oscillator Circuits: 159

the oscillator eoil for indicating r.f. output.
Maximum brilliancy of the lamp denotes
maximum output from the osecillator.

Oscillator-Doubler Circuits. The type
6N7 or 6A6 oscillator-doubler circuit is ad-
justed by tuning the oscillator section for
maximum output, and the doubler section for
greatest dip in cathode or plate current. The
crystal plate section should generally be
tuned until the circuit approaches the point
where oscillation is about to cease; this is
towards the higher-capacity setting of the
oscillator plate tuning condenser and opera-
tion in this manner provides most output in
proportion to r.f. erystal current and fre-
quency drift.

Harmonic Oscillators. Harmonic crystal
oscillators are always tuned for maximum
output and minimum plate, or cathode cur-
rent. The regeneration or feedback con-
denser is adjusted or chosen to provide a good
plate current dip when the plate cireuit is
tuned to the second harmonic of the erystal
oscillator., Too much regeneration will cause
the tube to oscillate for all settings of the
plate tank condenser, without any sharp dip
at the harmonie frequency of the erystal. In-
sufficient regeneration will result in low
second harmonic output.

A plate potential of 400 volts is generally
considered a safe upper limit for a type 6L6
oscillator tube. The screen-grid voltage
affects the degree of regeneration and har-
monice output; this voltage should generally
range between 250 and 275 volts. The cathode
current will run between 50 and 60 milliam-
peres for fundamental frequency operation,
and 60 to 75 milliamperes for harmonie
operation, at these plate and screen voltages.
The ecrystal r.f. current normally runs be-
tween 25 and 75 milliamperes in this type
of oscillator, depending on the frequency and
plate voltage used.

Radio-Frequency Amplifiers

Since the output of the oscillator stage in a
transmitter (whether it be self-controlled or
crystal controlled) must be kept down to a
fairly low level to maintain stability and to
maintain a factor of safety from fracture of
the erystal when one is used, the low power
output of the oscillator is brought up to the
desired power level by means of radio-
frequency amplifiers. The two classes of
amplifiers that find widest application in
amateur transmitters are the class B and class
C types.

The Class B Amplifier. Class B amplifiers
are used in a radio-telegraph transmitter

when maximum power gain is desired in a
particular stage. A class B amplifier oper-
ates with cutoff bias and a comparatively
small amount of excitation, Power gains of
20 to 200 or so are obtainable in a well-
designed class B amplifier. The plate effi-
ciency of a class B c.w. amplifier will run
around 65 per cent.

The Class B Linear. Another type of class
B amplifier is the class B linear stage as em-
ployed in radiophone work. This type of
amplifier is used to increase the level of a
modulated carrier wave and depends for its
operation upon the linear relation between
excitation voltage and output voltage. Or, to
state the fact in another manner, the power
output of a class B linear stage varies linearly
with the square of the excitation voltage.
The class B linear amplifier is operated with
cutoff bias and a small value of excitation,
the actual value of exciting power being such
that the power output under carrier condi-
tions is one fourth of the peak power capa-
bilities of the stage. Class B linears are
very widely employed in broadecast and eom-
merecial installations, but are comparatively
uncommon in amateur application, since
tubes with high plate dissipation are required
for moderate output. Another reason for
their unpopularity among amateurs is that
the power limitation upon amateurs is placed
upon power input to the final stage and not
upon power outpwt. The approximately 33
per cent efficiency of the class B lincar makes
the power capability of a transmitter with a
linear amplifier in the final stage less than
half that of a high-level modulated trans-
mitter whose maximum efficiency may be
as high as 75 or 80 per cent. This assumes,
of course, that the maximum legal input of
one kilowatt is being employed in each case.

The Class C Amplifier. Class C amplifiers
are very widely employed in all types of
transmitters. A good power gain may be
obtained (values of gain from 3 to 20 are
common) and the plate circuit efficiency may
be, under certain conditions, as high as 85
per cent. Class C amplifiers operate with
considerably more than cutoff bias and or-
dinarily with a rather large amount of ex-
citation as compared to a class B amplifier.
The bias for a normal class C amplifier is
such that plate current on the stage flows for
approximately 120° of the 360° excitation
cycle. Class C amplifiers are used in trans-
mitters where a fairly large amount of ex-
citation power is available, where good plate
circuit efficiency is desired, and when the
stage is to be plate modulated.
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Class O Plate Modulation. The character-
istie of a elass C amplifier which makes it
linear with respect to changes in plate
voltage is that which allows such an ampli-
fier to be plate modulated for radio-
telephony. Through the use of higher bias
than is required for a c.w. class C amplifier
and greater excitation, the linearity of such
an amplifier may be extended from zero plate
voltage to twice the normal value. The out-
put power of a class C amplifier adjusted for
plate modulation varies with the square of
the plate voltage. Since this is the same con-
dition that would take place if a resistor
equal to the voltage on the amplifier divided
by its plate current were substituted for the
amplifier, it is said the stage presents a
resistive load to the modulator.

Class C Grid Modulation. If the grid eur-
rent to a class C amplifier is reduced to a
low value and the plate loading is increased
to the point where the plate dissipation ap-
proaches the rated value, such an amplifier
may be grid modulated for radiotelephony.
If the plate voltage is raised to quite a high
value and the stage is adjusted carefully,
efficiencies as high as 42 to 45 per eent with
good modulation eapability and compara-
tively low distortion may be obtained. This
type of operation is termed class C grid
modulation and is coming into increasing
favor among amateur radiotelephone opera-
tors.

Grid Excitation. A sufficient amount of
grid excitation must be available for elass B
or class C service. The excitation for a plate-
modulated class C stage must be sufficient to
drive a normal value of d.c. grid current
through a grid bias supply of about 214
times cutoff. The bias voltage preferably
should be obtained from a combination of
grid leak and fixed C-bias supply. Cutoff
bias can be calculated by dividing the ampli-
fication factor of the tube into the d.c. plate
voltage. This is the value normally used for
class B amplifiers (fixed bias, no grid leak).
Class C amplifiers use from 1% to 5 times
this value, depending upon the available grid
drive, or excitation, and the desired plate
efficiency. Less grid excitation is needed for
c.w. operation, and the values of fixed bias
(if greater than cutoff) may be reduced, or
the value of the grid leak resistor can be
lowered until normal d.c. grid eurrent flows.
This value should be between 759 and 1009,
of the value listed under tube characteristics.

The values of grid excitation listed for
each type of tube may be reduced by as much
as 50% if only moderate power output and
plate efficiency are desired. When consult-

ing the tube tables, it is well to remember that
the power lost in the tuned circuits must be
taken into consideration when calculating the
available grid drive. At very high frequen-
cies, the r.f. cireuit losses may even exceed
the power required for grid drive unless low
loss tank circuits are used.

Readjustments in the tuning of the oscilla-
tor, buffer or doubler circuits, will result in
greater grid drive to the final amplifier. The
actual grid driving power is proportional to
the d.c. voltage developed across the grid
leak (or bias supply) multiplied by the d.c.
grid current.

Link coupling between stages, particularly
to the final amplifier grid ecircuit, normally
will provide more grid drive than can be ob-
tained from other coupling systems. The
number of turns in the coupling link and the
location of the turns on the coil can be varied
with respeet to the tuned circuits to obtain
the greatest grid drive for allowable values
of buffer or doubler plate current. Slight
readjustments sometimes can be made after
plate voltage has been applied.

Excessive grid eurrent will damage the
tubes by overheating the grid structure; be-
yond a certain point of grid drive no increase
i power output ecan be obtained for a given
plate voltage.

Neutralization of R. F. Amplifiers

The plate-to-grid feedback capacity of
triodes makes it necessary that they be
neutralized for operation as r.f. amplifiers at
frequencies above about 500 ke. Those
sereen-grid tubes, pentodes, and beam tet-
rodes which have a plate-to-grid capaecity of
a small fraction of one miero-microfarad may
ordinarily be operated as an amplifier with-
out neutralization.

Neutralizing Circuits. The object of a
neutralization circuit for an r.f amplifier is, of
course, to eancel or “neutralize” the capaci-
tive feedback of energy from plate to grid.
There are two general methods by which this
energy feedback may be eliminated: the first,
and the most common method, is through the
use of a capacity bridge, and the second
method is through the use of a parallel re-
actance of equal and opposite polarity to the
grid-to-plate capacity to nullify the effect of
this capacity.

Until recently, the capacity-bridge method
of neutralization was divided into two sys-
tems, grid neutralization and plate neutrali-
zation. It has always been known that the
use of grid neutralization eaused an ampli-
fier to be either regenerative or degenerative,
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but it was not until quite recently that
Doherty showed the reason for the unsatis-
factory performance of grid neutralization.
Hence, only plate neutralization (the capacity
bridge system), and coil neutralization (the
opposite reactance system) will be considered
as satisfactory methods for neutralizing a
single-ended r.f. amplifier stage.

Tapped-Coil Plate Neutralization. As was
mentioned under Neutralizing Circuits, there
are two general types of neutralizing circuits
for a single-ended amplifier, the bridge and
opposite-reactance methods. The following
paragraphs will deseribe first the variations
upon the bridge method. Figure 10A shows
a circuit for the neutralization of a single-
ended triode r.f. amplifier by means of a
tapped coil in the plate circuit. This circuit
is satisfactory for frequencies below about
7 Me. with ordinary tubes but a considerable
amount of regeneration will be found when
this circuit is used on frequencies above 7 Me.
Some regeneration can be tolerated in an
amplifier for c.w. use, but for phone opera-
tion either of the split-stator circuits de-
seribed in the next two paragraphs should
be used.

Split-Stator Plate Neutralization. Figure
10B shows the neutralization ecircuit which is
most widely used in single-ended r.f. stages.
The use of a split-stator plate condenser
makes the electrical balance of the circuit
substantially independent of the mutual
coupling within the coil and also makes the
balance independent of the place where the
coil is tapped. 'With conventional tubes this
circuit will allow one neutralization adjust-
ment to be made on, say, 14 Me., and this
adjustment will hold for all lower frequency
bands.

Capacity-Balanced Split-Stator Plate
Neutralization. Figure 10C shows an alter-
native circuit for split-stator neutralization
of a single-ended amplifier stage which, with
low-capacity tubes, can be made to remain
in adjustment on all bands from 56 Me. on
down in frequency. The additional balane-
ing condenser CB serves merely as an ad-
justment to keep the eapacity-to-ground
exactly the same from each side of the
balanced plate tank circuit. This condenser
can be either a small adjustable one of the
type commonly used for neutralization, or
the relative capacity to ground of the two
sides of the ecircuit can be proportioned so
that there is a balance. In determining the
balance of the circuit, it must be remembered
that the plate-to-filament capacity of the
power amplifier tube is the main item to
cause the unbalance. If the other capacities

Figure 10.

PLATE NEUTRALIZING CIRCUITS FOR
A SINGLE-ENDED AMPLIFIER.

(A) shows a neutralizing circuit employing a
split coil plate tank which is suitable under or-
dinary conditions for operation at frequencies as
high as 7 Mc. (B) shows conventional split-stator
plate neutralization.  (C) shows split-stator

late neutralization with the addition of a balanc-
ing condenser BC which compensates for the plate-
to-ground capacity of the amplifier tube and thus
keeps the output tank circuit balanced to ground,
improving neutralization on the higher frequen-

clies.

of the circuit are perfectly balanced with re-
speet to ground, the capacity of the con-
denser CB should be approximately equal to
the plate-to-ground capacity of the tube being
neutralized. However, it is often just as con-
venient to unbalance the circuit capacities
to ground until the additional capacity on the
neutralizing side of the circuit is about equal
to that on the plate side. At the point where
the plate-to-ground capacity is exactly
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(A) shows the basic circuit for a neutralized push-
pull r.f. amplifier. In this circuit the nodal point
for the stage is determined by the grounded rotor
on the grid tuning condenser and the rotor of the
plate tank condenser is allowed to float. (B),
(C), (D), and (E) show alternative arrangements
for returning the rotor of the plate tank con-
denser to ground when this grounding is deemed
necessary. Discussion of the various circuits is
given in the text.

balanced the amplifier will neutralize per-
fectly (at least as nearly perfect as a push-
pull amplifier) and will stay neutralized on
all bands for which the amplifier tubes are
satisfactory.

Push-Pull Neutralization. Two tubes can
be connected for push-pull operation so as to
obtain twice as much output as that of a
single tube. A push-pull amplifier, such as
that shown in figure 11A, also has an ad-
vantage in that the circuit can more easily
be balanced than a single-tube r.f. amplifier.
The various interelectrode capacities and the

neutralizing condensers are connected in such
a manner that those on one side of the tuned
circuits are exactly equal to those on the op-
posite side. For this reason, push-pull r.f.
amplifiers can be more easily neutralized in
very-high-frequency transmitters; also, they
usually remain in perfect neutralization when
tuning the amplifier to different bands.

The circuit shown in figure 11A is perhaps
the most commonly used arrangement for a
push-pull r.f. amplifier stage. The rotor of
the grid condenser is grounded and the rotor
of the plate tank condenser is allowed to float.
Under certain conditions the circuit of 11B
may be used (when the plate tank condenser
has a much larger voliage rating than the
maximum possible peak ontput of the power
tubes) with the rotor of the grid condenser
grounded or not, as desired. It is also possible
to use a single-section grid condenser with a
tapped coil (un-bypassed) for low-frequency
operation with this eirecuit arrangement.

 Figure 11C shows an alternative arrange-

ment for the return of the rotor of the plate
tank condenser which is best for use with a
c.w. amplifier stage. The by-pass condenser
from the rotor to ground can be any capacity
from .01 ufd. down to .0005 ufd. and even
down to .0001 pfd. for a u.h.f. amplifier. For
phone use it is best to have some sort of
a coupling arrangement to make the rotor of
the tuning condenser follow plate voltage
fluctuations. As long as the rotor of the
tuning condenser is at the same d.c. poten-
tial as the stators there will be a much re-
duced chance of breakdown on modulation
peaks.

Figures 11D and 11E show two arrange-
ments which tend to keep the rotor of the
condenser as nearly as possible at the same
d.c. potential as the stators. In figure 11D
the rotor of the condenser, and the un-
grounded side of the by-pass condenser, is
merely connected to the plate supply side of
the r.f. choke. This is an excellent arrange-
ment for use with moderate plate voltages
but has the disadvantage that considerable
stress is placed on the mica by-pass con-
denser, and should this condenser break down
the plate supply would be shorted. Figure
11E shows an alternative arrangement which
has the advantage that, should the mica by-
pass condenser short out, only the resistor
R will be destroyed. For a mica by-pass
capacity of .001 pfd. and a maximum 100
per cent modulation frequency of 3000 cycles,
a 25,000-ohm resistor will be satisfactory for

‘Shunt Neutralization. The feedback of
energy from grid to plate that would cause
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oscillation or serious regeneration in an un-
neutralized r.f. amplifier is a result of the
grid-to-plate capacity of the amplifier tube.
A neutralization circuit is merely an electri-
cal arrangement for nullifying the effect of
this capacity. All the previous neutraliza-
tion circuits have made use of a bridge cir-
cuit for balancing out the grid-to-plate energy
feedback by an amount of energy equal and
opposite in phase from a balanced tuned cir-
cuit.

Another method of eliminating the feed-
back effect of this capacity, and hence of
neutralizing the amplifier stage, is shown in
figure 12. The grid-to-plate capacity in the
triode amplifier tube acts as a capacitive re-
actance coupling energy back from the plate
to the grid ecircuit. If we parallel this
capacity with an inductance having the same
value of reactance (but having the oppo-
site sign, of course) at the frequency upon
which the amplifier is operating, the react-
ance of one will cancel the reactance of the
other and we will have a high-impedance
tuned cireuit from grid to plate on the triode
tube.

This neutralization eireuit works very
beautifully and can be used on ultra-high
frequencies where other neutralization eir-
cuits are unsatisfactory. This is true be-
cause the lead length in the neutralization
circuit is praetically negligible. The circuit
can also be used with push-pull r.f. ampli-
fiers; in this case each tube is neutralized
separately although both neutralizing eon-
densers are set to the same capacity.

The big advantage of this arrangement
is that it allows the use of single-ended tank
cireuits with a single-ended amplifier.

However, the circuit has one serious dis-
advantage for amateur work in which the
frequency of operation is changed fre-
quently: the neutralization holds for one
frequency—that frequency where the grid-
to-plate capacity is resonant with the ex-
ternal neutralization coil. But by the use of
plug-in coils and the trimmer condenser C
in parallel with the grid-to-plate eapacity, it
is possible to shift the band of operation and
to trim to any frequenecy within the band.
This trimmer condenser, if used, must be in-
sulated for somewhat more voltage than the
tank condenser. The .0001-,fd. condenser in
series with the neutralizing cireuit is merely
a blocking condenser to isolate the plate
voltage from the grid circuit. The coil L
will have to have a very large number of
turns for the band in operation in order to
be resonant with the usually rather small
grid-to-plate eapacity. But since, in all or-
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Figure 12,
SHUNT OR “COIL” NEUTRALIZATION.

This neutralization circuit makes use of a coil
connected from gtid to plate (with a blocking
condenser in series with it) which resonates with
the grid-to-plate capacity to the operating fre-
quency. The impedance from plate to grid is
thus made very high, feedback is stopped, and
the amplifier is neutralized for this frequency of
operation. When the frequency of operation is
changed, the trimmer condenser C changes the
resonant frequency of this circuit to the new oper-
ation frequency.

Figure 13,
ALTERNATIVE SHUNT NEUTRALIZA-
TION CIRCUIT.

In this circuit the trimmer condenser for varying
the frequency of resonance of the circuit is placed
in series with the neutralizing coil, thus replacing
the blocking condenser and reducing the neces-
sary voltage rating for the trimmer condenser, al-
though increasing the capacity required.
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dinary cases with tubes operating on fre-
quencies for which they were designed, the
L/C ratio of the tuned ecireuit will be very
high, the coil can use comparatively small
wire although it must be wound on air or
very low-loss dielectric and must be insulated
for the sum of the plate r.f. voltage and the
grid r.f. voltage.

Figure 13 shows an alternative arrange-
ment for the neutralizing circuit in which the
variable trimmer condenser is in series with
the neutralizing coil instead of in parallel
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with it. This system also allows the stage
to be trimmed to neutralization on any fre-
quency in the band of operation. This con-
denser can have a capacity of 35 to 100 gufd.
and need not have nearly as much voltage
insulation as the trimmer condenser shown
in figure 12, A plate spacing of .070” will be
ample for any plate voltage ordinarily used
by the amateur. Y

Neutralizing Procedure

The r.f. amplifier is neutralized to pre-
vent self-oscillation or regeneration. A
neon bulb, a flashlight lamp and a loop
of wire, or an r.f. galvanometer can be
used as a null indicator for neutralizing
low-power stages. Plate voltage is discon-
nected from the r.f. amplifier stage while
it is being neutralized. Normal grid drive
then is applied to the r.f. stage, the neutraliz-
ing indieator is coupled to the plate coil
and the plate tuning condenser is tuned to
resonance. The neutralizing condenser (or
condensers) then can be adjusted until mini-
mum 1.f. is indicated for resonant settings of
both grid and plate tuning condensers. Both
neutralizing condensers are adjusted simul-
taneously and to approximately the same
value of capacity when a push-pull stage is
being neutralized.

A final check for neutralization should be
made with a d.c. milliammeter connected in the
grid leak or grid-bias circuit. There will be
no movement of the meter reading as the
plate circuit is tuned through resonance
(without plate voltage being applied) when
the stage 1s completely neutralized. The mil-
liammeter check is more accurate than any
other means for indicating complete neutral-
ization and it also is suitable for neutralizing
the stages of a high-power transmitter.

Push-pull ecircuits usually ean be more
completely neutralized than single-ended ecir-
cuits when operating at very high frequen-
cies. In the intermediate range of from 3 to
15 megacyecles, single-ended cireuits will give
satisfactory results. Single-ended operation
in the 3-to-15 megacycle range is most stable
with split-stator tuning condensers.

Neutralizing Problems. When a stage
cannot be completely neutralized, the diffi-
culty can be traced to one or more of the fol-
lowing causes: (1) The filament leads may
not be by-passed to the common ground bus
connection of that particular stage. (2) The
ground lead from the rotor connection of the
split-stator tuning condenser to filament may
be too long. (3) The neutralizing condensers
may be in a field of excessive r.f. from one

of the tuning coils. (4) Electromagnetic
coupling may exist between grid and plate
coils, or between plate and preceding buffer
or oscillator circuits. (5) Insufficient shield-
ing or spacing between stages, or between grid
and plate circuits in compact transmitters
may prevent neutralization or give false in-
dications of neutralizing adjustments. (6) If
shielding is placed too close to plate cireuit
coils, neutralization will not be secured be-
cause of induced currents in the shields. (7)
Parasitic oscillations may take place when
plate voltage is applied. The cure for the
latter is mainly a matter of cut and try—
rearrange the parts, change the length of
grid or plate or neutralizing leads, insert an
ultra-high-frequency r.f. choke in the grid
lead or leads, or eliminate the grid r.f. chokes
which may be the cause of a low-frequency
parasitic (in conjunction with plate r.f.
chokes).

Plate Circuit Tuning, When the amplifier
is completely neutralized, reduced plate volt-
age should be applied before any load is
coupled to the amplifier. This reduction in
plate voltage should be at least 509 of
normal value because the plate current will
rise to excessive values when the plate tun-
ing condenser is not adjusted to the point of
resonance. The latter is indicated by the
greatest dip in reading of the d.c. plate cur-
rent milliammeter; the r.f. voltage across the
plate circuit is greatest at this point. With
no load, the r.f. voltage may be several times
as high as when operating under conditions
of full load; this may result in condenser
flashover if normal d.c. voltage is applied.
The no-load plate current at resonance should
dip to 10% or 209 of normal value. If the
plate circuit losses are excessive, or if para-
sitic oscillations are taking place, the no-
load plate current will be higher.

Loading. The load (antenna or succeeding
r.f. stage) then can be coupled to the ampli-
fier under test. The coupling can be in-
creased until the plate current at resonance
(greatest dip in plate current meter reading)
approaches the normal values for which the
tube is rated. The value at reduced plate
voltage should be proportionately less in
order to prevent excessive plate current load
when normal plate voltage is applied. Full
plate voltage should not be applied to an
amplifier unless the r.f. load also is con-
nected; otherwise the condensers will are or
flash over, thereby causing an abnormally
high plate current which may damage the
tube. The tuned circuit impedance is lowered
when the amplifier is loaded, as are the r.f.
voltages across the plate condenser.
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Figure 14.
CONVENTIONAL FREQUENCY DOUBLER
CIRCUIT.

A high-x, dual-grid triode, or a pentode or beam
tetrode with the grid and screen paralleled makes
an excellent frequency doubler. In addition, ail
of these types of tubes have the advantage that
when the excitation is removed their plate cur-
rent will fall to a very low value. The plate
circuit is tuned to twice the excitation frequency.

doubler can be excited from a crystal oscil-
lator, or connected to another doubler or
buffer amplifier stage.

Doubling is best accomplished by operating
the tube with extremely high grid bias in order
to make the output plate current rich in har-
monies. The grid eirenit is driven approxi-
mately to the normal value of d.c. grid cur-
rent through the r.f. choke and grid leak re-
sistor, shown in figure 14. The resistance
value generally is from two to five times as
high as that used with the same tube for
simple amplification. For the same value of
grid current the grid bias is several times as
high.

gI‘\Ieutraliz:ﬁltion is seldom absolutely neces-
sary in a doubler circuit, since the plate is

Grid Excitation. Excessive grid excita-
tion is just as injurious to a vacuum tube as
abnormal plate current or low filament volt-
age. Too much grid driving power will over-
heat the grid wires in the tube, and will cause
a release of gas in certain types of tubes. An
excess of grid drive will not appreciably in-
crease the power output and increases the ef-
ficiency only slightly after a certain point is
reached. The grid current in the tube should
not exceed the values listed in the Tube T'ables,
and eare also should be exercised to have the
bias voltage low enough to prevent flashover
in the stem of the vacuum tube.

Grid excitation usually refers to the actual
r.f. power input to the grid circuit of the
vacuum tube, part of which is used to drive
the tube, and part of which is lost in the C-
bias supply. There is no way to avoid wast-
ing a portion of the excitation power in the
bias supply.

Frequency Multipliers

Quartz crystals are not ordinarily used for
direct control of the output of high-frequency
transmitters.  Frequency multipliers are
needed to multiply the frequency to the de-
sired value. These multipliers operate on ex-
act multiples of the crystal frequency; a 3.6-
megacyele erystal oscillator can be made to
control the output of the transmitter on 7.2 or
14.4 megacyeles, or even on 28.8 megacycles,
by means of one or more frequency multipli-
ers. When used at twice frequency, as they
most usually are, they are often termed fre-
quency doublers. A simple doubler cireult is
shown in figure 14. It consists of a vacuum
tube with its plate circuit tuned to fwice the
frequency of the grid driving eireuit. This
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Figure 15.
REGENERATIVE DOUBLER CIRCUITS.

(A) shows a circuit which may be used either as a
neutralized buffer stage or, when the capacity of
C; is increased beyond the “‘neutralized”’ setting,

as a regenerative doubler. (B) shows a frequency

multiplier circuit with cathode regeneration

which will give quite good results as a doubler,

and very good results, compared to other multi-
plier circuits, as a frequency quadrupler.

tuned to twice the frequency of the grid eir-
cuit. The feedback from the doubler plate cir-
cuit to the grid cireuit is at twice the fre-
quency of the grid driving cireuit to which the
coupling condenser (figure 14) is connected.
The impedance of this external tuned grid
driving circuit is very low at the doubling fre-
quency and thus there is no tendency for self-
excited oscillation when ordinary triode tubes
are used. At very high frequencies however,
this impedance may be great enough to cause

ERER A ST N
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Figure 16.
PEAKED WAVEFORM OBTAINED BY
ADDITION OF FUNDAMENTAL AND
THIRD-HARMON'I)%EQI::ERGY IN PROPER

When fundamental frequency (f) energy and third-
harmonic (3f) energy are added in the proper
phase the result is a peaked waveform as shown
by E,. This peaked waveform, when used as
excitation for a frequency doubler stage, gives
considerably higher plate efficiency than when
sine-wave excitation voltage is applied to the
grid of the tube.

regeneration, or even oscillation, at the tuned
output frequency of the doubler.

A doubler can either be neutralized or made
more regenerative by adjusting C, in the cir-
cuit shown in figure 15.

‘When condenser C, is of the proper value
to neutralize the plate-to-grid eapacity of the
tube, the plate circuit can be tuned to twice
the frequency (or to the same frequency) as
that of the source of grid drive; the tube can
be operated either as a neutralized amplifier
or doubler. The capacity of C, can be in-
creased so that the doubler will become re-
generative, if the r.f. impedance of the ex-
ternal grid driving circuit is high enough at
the output frequency of the stage.

Frequency doublers require bias of several
times cutoff; high-u tubes therefore are de-
sirable for this type of service. Tubes which
have amplification factors from 20 to 200
are suitable for doubler cirenits. Tetrodes
and pentodes usually have high amplification
factors. Low-y triodes, having amplification
constants of from 3 to 10, are not applicable
for doubler service because in some cases the
grid voltage must be as high as the plate
voltage for efficient doubling action. The
necessary d.c. grid voltage for high-p tubes
can be obtained more easily from average
driver stages in conventional execiters.

Angle of Flow in Frequency Multipliers.
The angle of plate current flow in a frequency
multiplier is a very important factor in de-

DOUBLER
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Figure 17.
CIRCUIT FOR COMBINING FUNDAMEN-
TAL AND THIRD-HARMONIC ENERGY
IN PROPER PHASFEOE%IR PEAKED WAVE-

The small third-harmonic tank circuit connected

as shown adds the fundamental and third harmonic

in the proper phase relation for producing a

peaked excitation waveform on the grid of the
doubler stage.

termining the efficiency. As the angle of flow
is decreased for a given value of grid cur-
rent, the efficiency increases. To reduce the
angle of flow, higher grid bias is required so
that the grid excitation voltage will exceed
the cutoff value for a shorter portion of the
exciting-voltage cyele. Frequency doublers
of all types should have an angle of flow of 90
degrees or less, triplers 60 degrees or less and
quadruplers 45 degrees or less.

Normally, a smaller angle of flow requires
quite high bias and excitation. However, by
altering the shape of the exciting voltage from
its usual sine wave shape at the exciting fre-
quency, it is possible to decrease the angle of
flow and thus increase the efficiency without
resorting to increases in the excitation volt-
age and bias.

The angle of flow may be decreased by add-
ing some properly phased third harmonie
voltage to the excitation. The result of add-
ing the third harmonie voltage to the funda-
mental is shown graphically in figure 16. As
shown by the dotted curve, Eg, when the
fundamental and third harmoniec voltages are
added in the proper phase the result is a
grid excitation voltage having a peaked
wave form, exactly what is required for
high-efficiency frequency multiplying. The
method by which the third harmonie is
added is shown in figure 17. A small,
center-tapped tank ecircuit tuned to three
times the driver frequency is placed be-
tween the driver plate and the coupling con-
denser to the frequency-multiplier stage. The
center tap of this coil is connected to the “hot”
end of the driver plate tank, which remains
tuned to the fundamental frequency. The
third-harmonie tank circuit can be tuned ac-
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curately to frequency by coupling to it a
small, low-current dial lamp in a loop of wire
and tuning for maximum brilliancy. An ab-
sorption wavemeter may be coupled to the
third-harmonic tank after it has been tuned to
make sure that it is on the correct harmonic.
The tuning of this eireuit is not eritical ; one
setting will serve to cover an amateur band.

Push-Push Doublers. Two tubes can be
connected with the grids in push-pull, and
the plates in parallel, for operation in a so-
called push-push doubler, as shown in figure
18

This doubler circuit will deliver twice as
much output as a single-tube cireuit; it has
proven popular in amateur transmitters be-
cause of its operating ease. In previous
doubler circuits, capacitive coupling was
shown. Link coupling to the tuned circuit
in a preceding stage is shown in figure 18.
This coupling arrangement simplifies the
push-pull conneection of the two grid circuits.

The circuit Co-Ly is tuned to the same fre-
quency as that of the preceding tuned ecireuit,
and the doubler plate cireuit C;-L; is tuned to
twice the frequency. The grid circuit should
be tuned by means of a split-stator con-
denser, connected as shown in figure 18, rather
than by means of the single-section tuning
condenser and by-passed center-tapped coil
arrangement. The latter would provide a
relatively high impedance at the doubling
frequency. The push-push doubler then
would be highly regenerative, and in most
cases it would break into self-oscillation. The
split-stator tuning ecircuit, because it has a
capacitive reactance, provides a very low im-
pedance at the doubling frequency, so that
there is very little regenerative action; the
circuit, therefore, is quite stable if the grid
tank is not made too low C.

Some multigrid erystal oscillators are de-
signed so that frequency doubling can be
accomplished directly in the oscillator tube
circuit by connecting the various grids in push-
pull (2 tubes) and the output plates in par-
allel.

The push-push cirenit makes a very effi-
cient doubling arrangement because each
grid is being excited on a positive half of the
exciting voltage and, sinee the grids are in
push-pull, this means that plate current
flows to one or the other of the parallel plates
twice during every cycle of the exciting vol-
tage. Thus the current pulses in the plate
circuit oceur at twice the exciting-voltage
frequency, resulting in extremely efficient
doubling action. The push-push doubler may
also be used as a quadrupler by tuning the
plate circuit to the fourth harmonic of the

grid-excitation freqﬁency. As with a single
ended doubler, short-pulse exeitation is re-
quired for good efficiency.

Tank Circuit Capacities

Tuning capacity values for class C ampli-
fiers are an important consideration to any-
one building a radio transmitter. The best
value of capacity can be determined closely
by charts or formulas for any frequency of
operation. The ratio of C to L, capacitance
to inductance, depends upon the operating
plate voltage and current, and upon the type
of circuit. Proper choice of ecapacity-to-
inductance ratio for resonance at any given
frequency is important in obtaining low
harmonie output and also low distortion in
the case of a modulated class C amplifier.

La
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Figure 18.

PUSH-PUSH DOUBLER CIRCUIT.

In this type of doubler the grids are connected
in push-pull and the plates are connected in paral-
lel. A pair of triodes, a dual triode, or a pair of
pentodes or tetrodes may be used. In the dia-
gram shown, the heater of one of the tubas may
be opened and the other tube operated as a
neutralized amplifier, the other tube acting as the
neutralizing condenser.

A class C amplifier produces a very dis-
torted plate current wave form in the form
of pulses as shown in figure 19. The LC
circuit is tuned to resonance and its purpose
is to smooth out these pulses into a sine wave
of radio-frequency output, since any wave
form distortion of the carrier frequency is
illegal, causing harmonic interference in
higher-frequency channels. A class A radio-
frequency amplifier would produce a sine
wave output. However, the a.c. plate cur-
rent would be flowing during the full 360°
of each r.f. eycle, resulting in excessive plate
loss in the tube for any reasonable value of
output. The class C amplifier has a.c. plate
current flowing during only a fraction of
each cycle, allowing the plate to cool off dur-
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ing the remainder of each cycle. If the plate
current is zero for 2/3 of each cycle, the
angle of plate current flow is said to be 120°,
since current is flowing during 1/3 of 360°.
The tube in a class C amplifier could have
several times as much power input for a
given plate loss as when used in a class A
amplifier.

The tuned circuit must have a good fiy-
wheel effect in order to furnish a sine-wave
output to the antenna when it is receiving
energy in the form of very distorted pulses
such as shown in figure 19. The LC ecircuit
fills in power over the complete r.f. cycle,
providing the LC ratio is correct. The fly-
wheel effect is generally defined as the ratio
of radio-frequency volt-amperes to actual
power output, or VA/W. This is equivalent

for e.w. transmitters. With values of Q less
than about 10, the maximum r.f. output will
not occur at the point of minimum plate cur-
rent in the amplifier tuning adjustment.
Harmonic Radiation vs. Q. Opinions
vary as to the correct value of @, but a care-
ful analysis of the whole problem seems to
indicate that a value of 12 is suitable for
most amateur phone or c.w. transmitters. A
value of 15 to 20 will result in less harmonie
radiation at the expense of a little addi-
tional heat power loss in the tank or LC
circuit. The charts shown have been calcu-
lated for an operating value of Q@ = 12.
The curves shown in figure 20 indicate the
sharp increase in harmonic output into the
antenna circuit for low values of Q. The
curve for the second harmonic rises nearly
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CLASS C AMPLIFIER PLATE CURRENT WAVEFORM
Figure 19.

to Q and should not be much less than 4,
or 12,5, for a class-C amplifier. At this
value of VA/W or Q, one-half of the stored
energy in the LC circuit is absorbed by the
antenna. If a lower value of Q is used, the
storage power is insufficient to produce a sine
(undistorted) wave output to the antenna
and power will be wasted in radiation of
harmonies.

Too high a value of VA/W or Q will
result in excessive circulating r.f. current loss
in the LC circuit and lowered output to the
antenna. In high-fidelity radiophone trans-
mitters, too high a Q will cause attenuation
of the higher sideband frequencies and con-
sequent loss of the higher audio frequencies.
Too low a Q has its disadvantages also; so
most transmitters are operated with LC
circuit values of between 10 and 25. A value
of 20 seems to be high enough for modulated
class C amplifiers; about 10 to 12 is enough
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Figure 20.

SECOND AND THIRD HARMONIC OUT-
PUT PLOTTED AGA(IINST TANK CIRCUIT

vertically for Q values of less than 10. The
third harmonic does not become seriously
large for values of @ less than 4 or 5. These
curves show that push-pull amplifiers may be
operated at lower values of Q if necessary,
since the second harmonic is cancelled to a
large extent if there is mo capacitive or un-
balanced coupling between the tank circuit
and the antenna feeder system.

Efiect of Loading on Q. The Q of a cir-
cuit depends upon the resistance in series
with the capacitance and inductance. This
series resistance is very low for a low-loss
coil not loaded by an antenna circuit. The
value of Q may be from 100 to 200 under
these conditions. Coupling an antenna cir-
cuit has the effect of increasing the series
resistance, though in this ease the power is
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consumed as useful radiation by the antenna.
Mathematically, the antenna increases the
value of R in the expression Q = L/R
where L is the coil inductance and «» is the
term 2 # £, £ being in cyecles per second.

The antenna coupling can be varied to
obtain any value of Q from 3 to values as
high as 100 or 200. However, the value of
Q = 12 (or Q = 20 if desired) will not be
obtained at normal values of d.c. plate cur-
rent in the class C amplifier tube unless the
C-to-L ratio in the tank circuit is correct
for that frequency of operation.

The values of C;, C, and Cz shown in figures
21, 22 and 23 are for the total capacity across
the inductance. This includes the tube inter-
electrode capacities, distributed coil capacity,

amplifiers where economically feasible. The
values shown in the charts are sufficient for
c.w. operation of class C amplifiers. It is
again emphasized that these values are total
capacities across the tank circuit, and should
not be considered as the capacity per section
for a split-stator condenser. If a split-stator
condenser is to be used, the per section ca-
pacity should be twice that indicated by the
charts.

Tuning Condenser Air Gap

Plate-Spacing Requirements for Various
Circuits and Plate Voltages. In determin-
ing condenser air gaps the peak r.f. voltage
impressed across the condenser is the im-

st
o
+

Figure 24, Figure 25.

Figure 26.

Figure 27.

wiring capacities and tuning condenser ca-
pacity. If a split-stator condenser is used,
the effective capacity is equal to half of the
value of each section since the two sections
are in series across the tuned circuit. The
total stray capacities range from approx-
imately 2 up to 30 pufd. and largely depend
upon the type of tube or tubes used in the
class C amplifier.

In the push-pull circuit of figure 23, each
tube works on a portion of each half cycle
s0 less storage or flywheel effect is needed and
a value of Q == 6 may be used instead of Q
=12.

The values of Rp are easily calculated by
dividing the d.c. plate supply voltage by the
total d.c. plate current (expressed in am-
peres). Correct values of total tuning
capacity are shown in the charts for the dif-
ferent amateur bands. The shunt stray ca-
pacity can be estimated closely enough for
all practical purposes. The coil inductance
should then be chosen which will produce
resonance at the desired frequency with the
total caleulated tuning capacity.

The capacities shown are the minimum
recommended values and they should be in-
creased 509, to 1009 for modulated class C

portant item, since the experimental and
practical curves of air gap versus peak volts
as published by the Allen D. Cardwell Mfg.
Corp. may be applied to any condenser with
polished plates having rounded edges. Typical
peak breakdown voltages for corresponding
air gaps are listed in the table. These values
can be used in any circuit. The problem is
to find the peak r.f. voltage in each case and
this can be done quite easily.

The r.f. voltage in the plate circuit of a
class C amplifier tube varies from nearly
zero to twice the d.c. plate voltage. If the
d.e. voltage is being 100 per cent modulated
by an audio voltage, the r.f. peaks will reach
four times the d.c. voltage. These are the
highest values reached in any type of loaded
amplifier: a class B linear, class C grid- or
plate-modulated or class C ec.w. amplifier.
The circuits shown in figures 25 and 27 re-
quire a tuning condenser with plate spacing
which will have an r.f. peak breakdown rat-
ing at least equal to 2 times or 4 times the
d.c. plate voltage for c.w. and plate-modulated
amplifiers respectively.

It is possible to reduce the air gap to one-
half by connecting the amplifier so that the
d.c. plate voltage does not appear across the
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tuning condenser. This is done in figures
24 and 26. These circuits should always be
used in preference to those of figures 25 and
27 since the tuning condenser is only about
one-fourth as large physically for the same
capacity. Consequently, it is proportionately
less expensive.

The peak r.f. voltage of a plate-modulated
class C amplifier varies at 1009, modulation
from nearly zero to four times Ep, the d.c.
plate voltage, but only one-half of this volt-
age is applied across the tuning condensers
of figures 24 and 26. For a class B linear,
class C grid-modulated or c.w. amplifier, the
r.f. voltage across the tube varies from nearly
zero up to twice Ey. The r.f. voltage is an
a.c. voltage varying from zero to a positive
and then to a negative maximum over each
cycle. The fixed (mica) condenser C, in
figure 24, and C, in figure 26 insulates the
rotor from d.c. and allows us to subtract the
d.c. voltage value from the tube peak r.f.
voltage value in caleulating the breakdown
voltage to be expeeted.

This gives us a simple rule to follow for a
normally-loaded plate-modulated r.f. ampli-
fier. The peak voltage across the tuning con-
denser C or C; of figures 24 and 26 respec-
tively will be twice the d.c. plate voltage. If
a single-section condenser is used in figure 26,
with the by-pass condenser C, eonnected to
the coil center tap, the plate spacing or air
gap must be twice as great as that of a split-
stator eondenser; so there is no appreciable
saving in costs for a given capacity.

In e.w. amplifiers the air gap must be
great enough to withstand a peak r.f. voltage
equal to the d.c. plate voltage, for each sec-
tion C; of figure 26, or, C of figure 26.

These rules apply to a loaded amplifier or
buffer stage. If the latter is ever operated

without an r.f. load, the peak voltages may
be very much greater—by as much as two or
three times in ordinary LC circuits. For this
reason no amplifier should be operated with-
out load when anywhere near normal d.c.
plate voltage is applied.

A factor of safety in the air-gap rating
should be applied to insure freedom from
r.f. flashover. This is especially true when
using the ecircuits of figures 25 and 27; in
these circuits the plate supply is shorted
when a flashover oceurs. Knowing the peak
r.f. voltage, an air gap should be chosen
which will be about 1009, greater than the
breakdown rating. The air gaps listed will
break down at the approximate peak volt-
ages in the table. If the circuits are of the
form shown in figures 25 and 27, the peak
voltages across the condensers will be nearly
twice as high and twice as large an air gap
is needed. The fixed condensers, usually of
the mica type, shown in figures 24 and 26,
must be rated to withstand the d.c. plate
voltage plus any audio voltage. This con-
denser should be rated at a d.c. working volt-
age of at least twice the d.c. plate supply in a
plate modulated amplifier and at least equal
to the d.c. supply in any other type of r.f.
amplifier.

Push-Pull Stages. The cireunits of figures
26 and 27 apply without any change in calen-
lations to push-pull amplifiers. Only one tube
is supplying power to the tumed ecireuit at
any given instant, each one driving a part

of each half eycle. The different value of .

and inereased power output inerease the peak
voltages slightly but for all practical pur-
poses, the same caleulation rules may be em-
ployed.

These rules are based on average ama-
teur design for any form of r.f. amplifier

BREAKDOWN RATINGS OF COMMON
PLATE SPACINGS
AIR-GAP PEAK VOLTAGE
IN INCHES BREAKDOWN

.030 750
.050 1500
.070 3000
.078 3500
.084 3800
.100 4150
144 5000
175 5700
.200 6200
.250 7200
.300 8200
.350 9250
375 10,000
500 12,000

Recommended Air gap (approx. 100% factor
of safety) for the circuits of figures 24 and 26.
Spacings should be multiplied by 1.5 for same
factor of safety with circuits of figures 25 and 27.

D.C. PLATE PLATE
VOLTAGE C. W MoD.
400 .030 .050
600 .050 .070
750 .050 .100
1000 .070 084
1250 .070 144
1500 .078 200
2000 .100 250
2500 175 375
3000 .200 500
3500 .250 600
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with a recommended faetor of safety of
1009 to prevent flashover in the condenser.
This is sufficient for operation into normal
loads at all times, providing there are no
freak parasitic oscillations present. The lat-
ter sometimes cause flashover across air gaps
which should ordinarily stand several times
the normal peak r.f. voltages. This is espe-
cially true of low-frequency parasitics.

The actual peak voltage values of a stable,
loaded r.f. amplifier are somewhat less than
the caleulations indicate, which gives an ad-
dictional factor of safety in the design.

Parasitic Oscillation in R.F. Amplifiers

Parasitics are undesirable oscillations
either of very high or very low frequencies
which occur in radio-frequency amplifiers.

They may cause additional signals (which
are often rough in tone), other than normal
harmonies, hash on each side of a modulated
carrier, key clicks, voltage breakdown or
flashover, instability or inefficiency, and
shortened life or failure of the tubes. They
may be damped and stop by themselves after
keying or on modulation cycles, or they may
be undamped and built up during ordinary
unmodulated transmission, continuing if the
excitation is removed. They may be at audio
or radio frequency, in either type of am-
plifier (though only the r.f. amplifier is
treated in this diseussion). They may result
from series or parallel resonant cireuits of
all types including the dynatron. Due to the
neutralizing lead length or the nature of most
parasitie eireuits, the amplifier usually is not
neutralized for the parasitic frequency.

Sometimes the faet that the plate supply
is keyed obscures parasitic oscillations that
might be very severe if the plate voltage were
left on and only the excitation removed.

In some cases, an all-wave receiver will
prove helpful in finding out if the amplifier
is without spurious oscillations, but it may
be necessary to check from one meter on up,
to be perfectly sure. A normal harmonie is
weaker than the fundamental but of good
tone; a strong harmonic or a rough note at
any frequency generally indicates trouble.

Low-Frequency Parasitics. One type of
unwanted oscillation often oceurs in shunt-
fed circuits in which the grid and plate chokes
resonate, coupled through the tube’s inter-
electrode capacity. It ean also happen with
series feed. This oscillation is generally at
a lower frequency than the desired one and
causes additional carriers to appear, spaced
from twenty to a few hundred kiloeycles on
either side of the main wave. One cure is to

change the type of feed in either the grid or
plate circuit or to eliminate one choke. An-
other is to use much less inductance in the
grid choke than in the plate choke, or to re-
place the grid choke by a wire-wound resistor
if the grid is series fed. In a class C stage
with grid-leak bias, no r.f. choke is required if
the bias is series fed.

This type of parasitic may take place in
push-pull circuits, in which case the tubes are
effectively in parallel for the parasitic and
the neutralization is not effective. The grids
or plates can be connected together withouf
affecting the undesired oscillation; this is a
simple test for this type of parasitic osecil-
lation.

Parallel Tubes, A very high frequency
inter-tube oscillation often oceurs when tubes
are operated in parallel. Noninduective damp-
ing resistors or manufactured parasitic sup-
pressors in the grid ecircuit, or short inter-
connecting grid leads together with small
plate choke coils, very likely will prove
helpful.

Tapped Inductances. When capacity cou-
pling is used between stages, particularly
when one of the stages is tapped down from
the end of the coil, additional parasitic eir-
cuits are formed because of the multiple reso-
nant effects of this complex circuit. In-
ductive or link coupling permits making ad-
justments without forming these undesired
circuits. Likewise, a condenser tapped across
only part of an inductance, for bandspread
tuning or capacity loading, makes the situa-
tion more eomplex.-

Multi-Element Tubes. Screen-grid, pen-
tode, and beam tetrode tubes may help to elim-
inate parasitic eircuits by using no neutrali-
zation, but their high gain oceasionally
makes parasitic oscillation easy, particularly
when some form of input-output coupling
exists. Furthermore, the by-pass ecireuit
from the additional elements to the filament
must be short and effective, particularly at
the higher frequencies, to prevent undesired
internal coupling. At the high frequencies,
a variable screen by-pass condenser at some
settings may improve the internal shielding
without causing a new parasitic oscillation.
A blocking (relaxation) effect may oceur if
the sereen is fed through a series resistor.
The screen circuit ean, of eourse, act as the
plate in a tuned-grid tuned-plate oscillation
that can be detuned or damped at the eontrol
grid terminal.

Crystal Stages. Crystal oscillators are
geldom suspected of parasitic oseillation
troubles, but are often guilty. Ordinary as
well as parasitie cireunit eoupling between the
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Figure 28,

Showing the use of a parasitic suppressor in series

with one grid of a pair of parallefed tubes. In a

push-pull ‘amplifier which develops parasitics, the

parasitic suppressor can be connected in series

with the lead from the grid tank circuit to the
grid of one of the tubes.

grid and plate circuits should be held to a
minimum by separating or shielding the grid
and plate leads, and by reducing the area of
the loop from the grid through the erystal
holder to the filament. Keeping the grid
cireuit short, even adding a small choke coil
of a few turns in the plate lead next to the
tube, will probably eliminate the possibility
of high-voltage series-tuned parasities.

Parasitic Suppressors. The most common
type of parasitic is of the w.h.f. type, which
fortunately ean usually be dampened by in-
serting a parasitic suppressor of the type
illustrated in figure 28 in the grid lead, or in
one grid lead of either a push-pull or parallel
tube amplifier.

Grid Bias

Radio-frequency amplifiers require some
form of grid bias for proper operation.
Practically all r.f. amplifiers operate in such
a manner that plate current flows in the form
of short peaked impulses which have a dura-
tion of only a fraction of an r.f. cycle. The
plate current is cut off during the greater part
of the r.f. eycle, which makes for high effi-
ciency and high power output from the tubes,
sinee there is no power being dissipated by
the plates during a major portion of each r.f.
cycle. The grid bias must be sufficient to
cut off the plate current, and in very high
efficiency class C amplifiers this bias may be
several times the cutoff value. Cutoff bias, it
will be recalled, is that value of grid voltage
which will reduce the plate current to zero,
and the method for caleulating it has been
indicated previously. This theoretical value
of cutoff will not reduce the plate current
completely to zero, due to the variable-p
tendency which is characteristic of all tubes
as the cutoff point is approached. This
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Figure 29.
GRID LEAK BIASED STAGE. .
Showing how a resistor may be connected in seties
with the grid return lead to obtain bias due to the
flow of rectified grid current through the resistor.

factor, however, is of no importance in prae-
tical applications.

Class C Bias, Radiophone class C ampli-
fiers should be operated with the grid bias
adjusted to values between two and three
times cutoff at normal values of d.c. grid eur-
rent to permit linear operation (necessary
when the stage is plate-modulated). C.w.
telegraph transmitters can be operated with
bias as low as cutoff, if limited excitation is
available and high plate efficiency is not a
factor. In a e.w. transmitter, the bias supply
or resistor should be adjusted to the point
which will allow normal grid current to flow
for the particular amount of grid driving r.f.
power available. This form of adjustment
will allow more output from the under-excited
r.f. amplifier than when twice cutoff, or
higher bias is used with low values of grid
current.

Grid-Leak Bias. A resistor can be con-
nected in the grid circuit of an r.f. amplifier
to provide grid-leak bias. This resistor R, in
figure 29 is part of the d.c. path in the grid
circuit.

The r.f. excitation is applied to the grid
circuit of the tube. This causes a pulsating
d.c. current to flow through the bias supply
lead and any current flowing through Ra pro-
duces a voltage drop across that resistance.
The grid of the tube is positive for a short
duration of each r.f. cycle, and draws elec-
trons from the filament or cathode of the tube
during that time. These electrons complete
the circuit through the d.c. grid return. The
voltage drop across the resistance in the grid
return provides a negative bias for the grid.
The r.f. chokes in figures 29, 30, 31, and 32
prevent the r.f. excitation from flowing
through the bias supply, or from being short-
circuited to ground. The by-pass condenser
across the bias source proper is for the pur-
pose of providing a low impedance path for
the small amount of stray r.f. energy which
passes through the r.f. choke.
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