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with one quick reading to fix the important facts firmly
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Answer Lesson Question 2.
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HOW RADIO-FREQUENCY AMPLIFIERS WORK

Characteristics of R.F. Amplifiers

UCH of the study of radio con-

cerns the behavior of alternating
currents that have frequencies in the
“radio-frequency” spectrum—that ex-
tensive band of frequencies which has
a lower limit just above the audible
frequencies, and an upper practical
limit near the incredible frequency of
30,000 megacycles per second (thirty
thousand million oscillations per sec-
ond).

We must use these radio-frequency
(r.f.) currents as the “carriers”—the
means of getting our radio signals to
travel through space—because low-
frequency currents will not radiate effi-
ciently from an antenna system. To
get radiation at a long distance for rea-
sonable amounts of power, we must go
to these higher frequencies, and must
modulate them according to the sounds,
scenes, or code messages we want to
transmit.

Other Lessons will discuss radiation,
modulation, and the generation of these
r.f. currents, so here we will concen-
trate on the means of amplifying r.f.
signals. Let’s first see why amplifica-
tion is needed.

Transmitter Requirements. The
transmitter carrier frequency must be
held quite constant to prevent undue
interference between stations. In gen-
eral, it is not practical to devise an
oscillator that will have this required
frequency stability and yet be capable
of producing a substantial output of
power at the same time. Consequently,
a transmitter oscillator is designed to
perform only one function—the genera-
tion of a small but very steady radio-

frequency power. This “master oscilla-
tor” output is then stepped up in
successive r.f. amplifier stages, the
power becoming greater with each
stage, until the desired power level is
reached. In this way, the proper out-
put power is obtained, with a maximum
of frequency stability.

From this, the prime purpose of a
radio-frequency amplifier in a trans-
mitter is to increase the available car-
rier power. Because of cost considera-
tions, the efficiency of the amplifier, or
the ratio of its output power to what
is put into it, also is of prime impor-
tance.

Receiver Requirements. In a re-
ceiver, the requirements of an r.f.
amplifier are somewhat different. The
voltage developed in the receiving an-
tenna by a weak signal is quite small.
It is necessary, therefore, to use r.f.
amplifiers to increase this signal volt-
age, sometimes as much as a million
times, to bring it up to the desired level.

Also, we do not wish to hear more
than one station at a time. Therefore,
a receiver must reject undesired signals
and accept the desired one, To sepa-
rate signals, it is necessary to tune the
r.f. amplifier of a receiver.

Such amplifiers, therefore, perform
two functions: they serve to give the
receiver the necessary frequency selec-
tivity for separation of various signals,
and they supply the voltage gain be-
tween the antenna and the detector.

Although furnishing voltage gain in
a receiver and power gain in a trans-
mitter are actually two differentservice
requirements, the amplifier -circuits



used are quite similar. They work into
similar loads, and both are frequency
selective. Let’s consider a basic stage.

- A BASIC R.F. STAGE

Suppose we have the simple circuit
shown in Fig. 1. This is a triode vac-
uum tube arranged in a resistance-
coupled amplifier circuit. If the load
resistance R, is of the proper value,
and all battery voltages are correct so
that the tube is operating over a
straight-line portion of its E.-I, curve,
then we know we can apply a small in-
put voltage e; and obtain an amplified
replica e, at the output. As you know,
this circuit is commonly used as a low-
frequency amplifier.

Can such an amplifier be used for
radio frequencies? Suppose we grad-
ually increase the frequency of the sig-
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FIG. I. A resistance-coupled amplifier circuit
that shows the interelectrode capacities of the
tube that limit the response of high frequencies.

nal generator, keeping the input signal
voltage e; constant, and see what hap-
pens.

At 20,000 cycles, or 20 ke., we will
find the output e, has decreased some-
what; at 30 ke. the loss in output will
be quite severe; at 40 ke. and all higher
frequencies, the output e, may be even
less than the input voltage e;, thus in-
dicating a loss instead of an amplifica-
tion. Obviously, such an amplifier can-
not be used with any efficiency at radio
frequencies.

Fig. 1 shows why this happens. No-
tice the two capacities drawn in with
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dotted lines. These represent the in-
ternal interelectrode capacities of the
tube, and their values are determined
by the size, shape, and separation of
the elements. These capacities begin
to have an effect even at audio frequen-
cies; and, as we increase the frequency
of the signal, the reactances of the in-
terelectrode capacities steadily de-
crease. At radio frequencies, the react-
ances drop to such low values that
these capacities by-pass most of the
signal, so the load resistor Ry, is vir-
tually short-circuited by Cy. (The cir-
cuit is completed through by-pass con-
denser Cz.) The input capacity Cegx
shunts the load of the previous stage
(or the input device) in the same man-
ner. From this we find that the high-
frequency response of a resistance-
coupled amplifier is limited primarily
by the capacities between the tube ele-
ments.

Use of Tuned Circuits. Let us as-

sume, however, that instead of the load
resistor R;, we substitute a parallel-
resonant circuit L;-C; for the tube
load, as in Fig. 2.
» It is important to note that since
the B-battery is adequately by-passed
by condenser Cj, the tube plate-cath-
ode capacity Cy is effectively in paral-
lel with the resonant circuit I,;-C;.
This tube capacity, therefore, is across
tuning condenser C;. It now merely in-
creases the tuning capacity, so a slight
reduction in the capacity of C; will
re-tune the circuit to the desired fre-
quency. Thus, C,. becomes part of the
tuned circuit, and no longer will act to
by-pass the signal.

Furthermore, since such a tuned cir-
cuit has a high impedance at its reso-
nant frequency, it will perform as an
adequate tube load at this frequency,
and considerable amplification can be
obtained.

Let us make a test of the cireuit in
Fig. 2. We shall assume first that the

tuned circuit L,-C, with the tube plate-
cathode capacity Cy. in parallel with
it, is resonant at a frequency of 1000
ke. Ignoring for the moment the effects
of the tube grid-cathode capacity Cg,
let us also assume that the signal gen-
erator can supply sufficient input e, to
meet, our test requirements. If we now
attach to the output terminals an r.f.

SIGNAL
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FIG. 2. The basic r.f. amplifier which uses a

parallel-tuned circuit instead of a resistance

plate load. Since the by-pass condenser Cg

is very large, the tube plate-cathode capacity

Ciu is effectively in parallel with the tuned cir-
cuit L;-C,.

voltage indicator, we can measure the
output voltage e, and find the amplifi-
cation for a number of different fre-
quencies.

Starting at some frequency lower
than the resonant frequency of the
tuned circuit—980 ke., for instance—
we first adjust the input voltage e; to
some fixed value, say 1 volt. We then
read the output voltage e, for this con-
dition. Keeping the input voltage e;
constant at 1 volt, we next increase the
frequency of the signal generator to
some higher frequency such as 985 ke.,
and read the output voltage e, again.
This process is repeated over and over
again, gradually increasing the signal
frequency in 5 ke. steps each time, un-
til we have passed the resonant fre-
quency of the tuned circuit at 1000 ke.
and gone about 20 ke. beyond, that is,
to approximately 1020 ke.

By plotting the values of output
voltage e, that we obtained for each
different input frequency, we find we

have an amplifier response curve like
the one in Fig. 3. As we expect, at the
resonant frequency of 1000 ke., where
the impedance of the tuned circuit is
high, we have considerable gain. At
this point the output voltage e, is 60
volts, which is 60 times as large as the
input voltage e; of 1 volt, so the over-
all gain is actually 60.

Also, for other frequencies that are
higher or lower than resonance, the im-
pedance of the tuned circuit is so low
that the tube cannot work efficiently,
and the gain, consequently, is dropped
to small values. Thus, the gain at 980
ke. and at 1020 ke. is only about 4 and
10, respectively, Hence, this circuit
favors the frequency to which it is
tuned by giving it much greater ampli-
fication than others. And, this circuit
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FIG. 3. The response curve of the basic r.f.

amplifier in Fig. 2. The pass band is considered

as that band of frequencies lying between the
two "half-power" points.

is adjustable so that it is possible to
tune it to the desired signal.

» By the simple process of substituting
a parallel-resonant circuit for a re-
sistor load, we have done two things:
For one, we have eliminated the
troublesome by-pass effects of the
plate-cathode capacity by making it
part of the tuned circuit; and two, we
have succeeded in making a radio-fre-



quency amplifier which not only 1s ca-
pable of giving gain, but also has a cer-
tain degree of frequency selectivity.
This is exactly what we want.

Definition of Selectivity. Now that
we have a radio-frequency amplifier
that amplifies some frequencics con-
siderably more than others, how much
frequency selectivity does it possess?
How do we measure it,?

Referring again to Fig. 3, we see the
curve is not extremely sharp. Even
though there is a maximum output at
the resonant frequency of 1000 ke., for
a small band of frequencies both higher
and lower than this, there is still con-
siderable amplification.

Let us consider, for example, the
lower frequency f; and the higher fre-
quency f» which are situated on the
curve at points where the amplification
is still 70% of the maximum value. For
all frequencies between these two
points, the amplification will be very
nearly as great as that at the maxi-
mum. In fact, the voltage gain over
this band does not vary more than 3
db. We might consider that between
these limits the response curve has a
definite “pass band.”

As a matter of definition, the pass
band of a simple selectivity curve like
Fig. 3 1is considered as that band of
frequencies lying between the lower
and higher frequencies at which the
output voltage drops to 70% of its
maximum value.

Since we know the power in any
cireuit is proportional to the square of
the voltage, an output voltage of 70%
of the maximum represents a power
which is 0.7 X 0.7 = 0.49, or only
about one-half of the maximum power.
For this reason, the reference points f,
and f» on the curve in Fig, 3 are very
often called the “half-power” points.

We obtained a response curve like
Fig. 3 because the impedance of the
tuned circuit acting as tube load was
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not constant for different frequencies.
As a matter of fact, this curve is almost
identical to the curve we would get if
we plotted the change of tuned circuit
impedance over the same range of fre-
quencies. We should expect, then, that
the selectivity we get with any ampli-
fier like Fig. 2 will depend a great deal
upon the inductance L, the capacity
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FIG. 4. At A is shown the constant-voltage

equivalent circuit of the basic r.f. amplifier in

Fig. 2. The response curves for three different
values of tuned circuit Q are shown at B.

C;, and most particularly, upon the
quality of both these components.

» Indeed, by defining selectivity as
we have, it is now possible to deter-
mine the pass band (the band of fre-
quencies that get about the same am-
plification) of the response curve by
dividing the resonant frequency by the
effective Q of the tuned circuit. We
might write this:

Resonant frequency (f,)
Q of the tuned ecircuit
where the Q is approximately equal to
the inductive reactance of the coil I,
at resonance divided by the coil a.c.
resistance r, or simply,

Pass band =

Coil reactance at resonance

Coil a.c. resistance
2 fL

r

Q =
Q =

As an illustration of what these re-
lations mean, suppose we have a paral-
lel-resonant, circuit tuned to 1000 ke.,
in which the coil has an inductance L;
of 100 microhenries and an effective re-
sistance r of 15 ohms.* The Q of the
circuit is:

2= f L
Q - e
2 X = X 1,000,000 X 0.0001
15
628
- — = 419
Q 15

If we use this tuned circuit with a
Q of 41.9 in a circuit like Fig. 2, then
we can expect the band width of the
response curve at the half-power points
to be:

f. 1,000,000
Q 419
= 23,800 cycles or 23.8 ke.
» This relation between the Q of a
tuned circuit and its pass band is a
very convenient one. For instance, re-
arranging the equation gives:
Resonant frequency (f,)
= Pass band

In this form, the Q of a tuned cir-
cuit can be determined from its re-
sponse curve by dividing the resonant
frequency by the pass-band width.
Thus, if we would like to determine the
effective Q of the tuned circuit giving
the response curve in Fig. 3, we can do
=0 as follows:

From the curve, we see that maxi-
mum output occurs at 1000 ke. This
gives:

f, == 1,000,000 cycles.

Pass band =

*Instruments are available that will
measure the Q of a coil directly.

Noting the frequency of the half-power
points, we obtain:

f; = 993,000 cycles

fs = 1,008,000 cycles
and, since the pass band is the differ-
ence between these two, we have:

Pass band = fo — f; =
1,008,000 — 993,000 = 15,000 cycles.
The Q of the circuit giving this par-
ticular selectivity curve is:

f, 1,000,000

Q= =%, ~ 15000

Now, looking back over the exam-
ples just outlined, we see that a tuned
circuit with an effective Q of 41.9 has
a pass band 23.8 kec. wide, and one
with an effective Q of 66.7 has a pass-
band width of only 15 ke. This empha-
sizes the fact that the pass band is al-
ways inversely proportional to the cir-
cuit Q. In general, low-Q circuits have
@ broad pass band, and high Q circuits
ass only a comparatively narro

= 66.7

this by examining the behavior of the
parallel-resonant circuit in detail.

PARALLEL-RESONANT LOADS

You have learned that any vacuum
tube can be replaced by an approxi-
mate equivalent circuit for study pur-
poses. Thus, the basic radio-frequency
amplifier circuit of Fig. 2 can be made
to appear as in Fig. 4A, where we have
a constant-voltage generator in series
with a fixed resistance. This is known
us a “constant-voltage generator equiv-
alent” circuit. The generator voltage is
made equal to the original grid input
voltage e, multiplied by the tube am-
plification factor p, and the series re-
sistance is equal to the plate resistance
r, of the tube. The output voltage e,,
developed across the tuned circuit, is
about the same as that of the original
circuit.

We have-already discovered that the
selectivity of such an amplifier de-




pends a great deal upon the Q of the
tuned circuit. Furthermore, you know
that the lower the coil resistance r, the
higher the Q will be. The selectivity,
therefore, should be greater for smaller
values of coil resistance.

To illustrate what will happen to
the response curve for different values
of Q, let us use several values of r, and
then run corresponding curves for the
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FIG. 5. The constant-current equivalent circuit

of the amplifier in Fig. 2 is shown at A. The

high plate resistance ry in shunt with the tuned

circuit has the same effect as a small additional

resistance ro in series with the inductance L, as
shown at B.

circuit in Fig. 4A. First, let us assume
that the inductance coil I is a very
good one, so r is very low. For this case
we will get a very sharply peaked re-
sponse curve like curve 1 in Fig. 4B.
Next, to lower the circuit Q, we add
a small resistor in series with the coil
to increase the value of r somewhat.
The response curve under this condi-
tion will look like curve 2 in Fig. 4B.
Finally, for a low-Q circuit, we add
a much higher resistance in series with
the coil so that r has a relatively high
value. We will find that this last re-
sponse curve is very much like curve 3.
Obviously, the Q value has a very
pronounced effect, and as we stated
before, the pass band is determined al-
most entirely by the effective value of
Q. Thus, by noting the half-power
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points for the high-Q condition in curve
1, we see the pass band is very narrow,
oceurring between the frequencies f3
and f;. For the medium-Q circuit in
curve 2 we have a somewhat wider pass
band, between frequencies f, and f.
For the low-Q circuit, the half-power
points on curve 3 have separated so
that the pass band occupies a very wide
band of frequencies between f; and f.
A low-Q circuit containing high values
of resistance is not very selective.

Tuned-Circuit Impedance. Selec-

tivity, however, is not the only thing
determined by Q. In Fig. 4B, notice
that the voltage output, and hence the
over-all amplification, obtained from
a high-Q circuit is considerably greater
than for a medium-Q, and is very many
times greater than for a low-Q tuned
circuit. Since the output voltage from
an r.f. amplifier is proportional to the
load impedance into which the tube
must work, the load impedances for
low- and high-Q circuits are not the
same.
» Then what is the maximum imped-
ance of a tuned circuit when it is used
as a tube load? In general, we will find
that the impedance across the termi-
nals of a parallel-resonant circuit like
that in Fig. 4A is approximately equal
to the inductive reactance of the coil
at resonance multiplied by the effective
Q of the circuit. We can write this in
equation form, as:

Z=X,XQ=2rfLQ

From this equation, the maximum
value of impedance depends directly
on Q; a high-Q circuit has high imped-
ance, and a low-Q circuit has low im-
pedance. The curves in Fig. 4B show
that a higher Q makes a greater tube
plate load, and hence, provides a great-
er amount of output voltage.

Loading by the Tube. The induct-
ance and the resistance in a tuned cir-
cuit are not the only factors determin-
ing effective Q. What other items must

we, therefore, consider in the circuit?

Let us consider Fig. 4A again. The
tube plate resistance is actually across
the resonant circuit and will affect its
Q. This is easier to see if, instead of
this “constant-voltage” equivalent cir-
cuit, we make a ‘“constant-current”
equivalent as shown in Fig. 5A. Here
we have an imaginary generator sup-
plying a constant current equal to the
original grid voltage e; multiplied by
the mutual conductance Gy, of the tube.
In addition, a fixed resistor r, equal to
the tube plate resistance is shunted
across the generator. The behavior of
this equivalent circuit is identical to
that of the amplifier in Fig. 2.

In this new arrangement, notice that
the tube plate resistance r, is in paral-
lel with the resonant circuit. A funda-
mental rule for parallel impedances is
that the total impedance is always less
than the smallest one in the group.
Hence, no matter how small we make
the coil resistance r;, the impedance
offered the generator will never be
greater than the plate resistance r,
which is shunted across the resonant
circuit. The tube plate resistance,
therefore, limits the effective circuit Q.

Another way of looking at this is
shown in Fig. 5B. The plate resistance
rp, is removed, and an additional re-
sistance r, is placed in series with the
coil. (Here, r; represents the a.c. re-
sistance of the coil.) Electrically, Figs.
5A and 5B are identical, and they illus-
trate the fact that the effects of a high

resistance shunted across a tuned cir-
cuit can be duplicated by a low resist-
ance inserted in series with the induct-
ance of the tuned circuit.

The resistance rp is approximately

equal to the L-C ratio divided by the
plate resistance r,. If in any given case
we have a very high plate resistance
r,, then the effective resistance r, in
series with the coil is very low, and the
tuned circuit Q is not disturbed very
much. On the other hand, if the tube
plate resistance r, is comparatively
low in value, then the equivalent re-
sistance r, can easily be large enough
to drop the effective Q of the resonant
circuit to an unsatisfactory value.
» The plate resistance r,, however,
may not be the only resistance shunted
across the tuned circuit. Whenever we
attach any load to the output termi-
nals of a radio-frequency amplifier, no
matter whether it be the grid circuit of
a following stage, an indicating instru-
ment of some sort, or just a simple re-
sistor, the added resistance in shunt
lowers the circuit Q in exactly the same
manner as would an additional resist-
ance placed in series with the induct-
ance coil,

From these considerations we see
that the Q of a tuned circuit taken
alone does not tell the whole story. It
is the effective Q we obtain after all
components are tied together in the
same circuit that determines the selec-
tivity and general response of a radio-
frequency amplifier.




R.F. Amplifiers in Receivers

The basic circuit shown in Fig. 2
could be used as an r.f. amplifier in a
radio receiver. In most cases, however,
neither the gain nor the selectivity af-
forded by a single amplifier stage is
sufficient for satisfactory reception. It
is necessary, therefore, to use two or
more amplifiers in cascade; and to use
a somewhat different circuit, Several
methods of coupling the stages together
are shown in Fig. 6. The coupling
shown at 6D is the one most commonly
used in receivers, but the others are
worth brief study.

In the direct-coupled method shown
in Fig. 6A, the output voltage across
the tuned circuit L;-C; is applied di-
rectly to the grid of the second ampli-
fier VT, through the coupling con-
denser C,. The grid resistor R, is neces-
sary to provide a d.c. path to ground so
that the grid may be supplied with the

bias that is produced by the eathode
resistor Rs. The value of the resistor
R should be quite high—at least %
megohm-—to prevent excessive loading
of the tuned ecircuit and thus lowering
its Q and its selectivity.

When two r.f. amplifiers are coupled
together in this manner, both the plate-
cathode capacity C, of the first tube
VT; and the grid-cathode capacity
Cgr of the second tube VT, are effec-
tively in shunt across the tuned circuit.
Both these tube capacities, which are
shown by dotted lines in the figure, ac-
tually form part of the tuned cireuit,
and neither of them gives undesirable
by-pass action. Their very presence,
however, adds to the capacity of the
resonant circuit, and for tuning to a
given frequency, the capacity of the
tuning condenser C; must be decreased
slightly below the theoretical value.

—
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FIG. 6, Four methods of coupling r.f. amplifiers together for operation in cascade. In A, B, and C,
both the plate-cathode capacity of Cyx of the first tube and the grid-cathode capacity Cyx of
the second tube are effectively in shunt with the tuned circuit.
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In Fig. 6B we have another direct-
coupled arrangement in which the grid
resistor has been replaced by an r.f.
choke L. Because the grids of receiver
amplifiers do not draw current, and a
choke usually is more expensive to
manufacture than a simple resistor,
this circuit is seldom used.

If we interchange the positions of
the choke and the tuned circuit, we ar-
rive at the impedance-coupled circuit
of Fig. 6C. With this scheme, the direct
current to the tube plate is allowed to
flow through the r.f. choke, but since
this path has a high impedance to r.f.
currents, the signal voltage is still ap-
plied to the tuned circuit which con-
tinues to act as the tube load. As the
power supply voltage is no longer ap-
plied directly to the tuned circuit, one
side of the coil and tuning condenser
can be grounded. This makes consider-
ably simpler construction. Such an ar-
rangement also has the additional ad-
vantage that the coupling condenser
Cs can be made relatively small so that
the tube plate resistance is not so close-
ly coupled to the tuned circuit; the Q
of the tuned ecircuit and the over-all
selectivity thus may be increased.

A tuned radio-frequency transformer
is used for coupling in Fig. 6D. The
secondary winding L, with the tuning
capacitor C, forms a series-resonant
circuit, since the voltage induced in the
secondary acts in series with the cir-
cuit. However, because of transformer
action, the impedance “reflected” into
the primary winding L, still goes
through a maximum high value at
resonance. The frequency response of
such a tuned transformer circuit, there-
fore, is very similar to that of the di-
rect-coupled arrangements. It has the
advantage that the winding turns on
the primary L, may be adjusted to
make it a step-up transformer, or the
coils may be separated enough to make
the mutual inductance quite small so

that the tube plate resistance does not
load the tuned secondary too severely.
In this way it is possible to obtain a
high circuit Q and maximum selectiv-
ity.

TUNED R.F. AMPLIFIERS

As selectivity is so important in a
receiver, all r.f, amplifiers are biased
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FIG. 7. A receiver r.f. amplifier is operated in
class A so that its grid never swings sufficiently
positive to draw appreciable grid current.

for class A operation. This means that
each tube is operated only over the
straight-line portion of its Eg-I, curve.
Thus, if we consider the characteristic
E¢-I, curve in Fig. 7, we see that the
control grid is biased sufficiently nega-
tive with respect to the cathode to place
the operating point in the center of the
linear portion of the curve. By restrict-
ing the grid swing to the linear portion
of the curve, the grid is never driven
beyond zero or allowed to become posi-
tive enough to draw appreciable grid
current. If the grid draws no current,
then its effective resistance is high. Un-
der these circumstances, a tuned cir-
cuit attached to the grid will not be
loaded appreciably, and the Q of the
circuit will not be reduced.



On the other hand, if the grid of an
r.f. amplifier is improperly biased, or
too much excitation voltage is applied
so that the grid does draw current, then
the effective resistance of the grid may
drop to only a few thousand ohms; and
as we saw before, whenever a tuned
circuit is shunted by such a compara-
tively low resistance, the effective Q is
markedly decreased and considerable
selectivity is lost. Obviously, this con-
dition is to be avoided.

" —HALF-POWER
POINTS

OVER-ALL AMPLIFICATION

LG ;Tff; fs f; FREQUENGY
r

FIG. 8. Representative response curves for a
single r.f. amplifier, two amplifiers in cascade,
and three identical cascaded stages. Besides the
increased gain, note the improvement in selec-
tivity resulting from cascade operation.

Over-All Selectivity. So far we
have considered the selectivity ob-
tained from a single r.f. amplifier only.
\When two or more are arranged in cas-
cade what is the selectivity?

In our study of audio-frequency am-
plifiers we found that the over-all gain
from several stages in cascade was
equal to the product of the gains in
each stage. Hence, if we have three
audio stages, each with a gain of 10,
the over-all gain in cascade will be
10 X 10 X 10 or 1000.

The same sort of calculation can be
applied to cascaded r.f. amplifiers. It
must be remembered, however, that
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every r.f. amplifier has its own fre-
quency-response curve. The over-all
response curve we obtain from several
of them in cascade, therefore, should
be approximately equal to what we
would get if we “multiplied” the in-
dividual response curves together.

As an illustration of what occurs, let
us examine Fig. 8. Suppose we have
three r.f. amplifiers just alike, the re-
sponse of each one being like curve 1
in the figure. If we now arrange two of
these amplifiers in cascade, then the
over-all response curve will resemble
curve 2. Because the two stages are just
alike, and we have multiplied their re-
sponses together, curve 2 is actually
the square of curve 1.

Similarly, if three of the amplifiers
are used in cascade, then we get still
another response like curve 3. In this
particular instance, since the gains of
each stage were made the same, curve
3 isthe cube of curve 1.

In addition to the expected increases
in gain, notice the shapes of the curves.
By marking the half-power points on
each of these response curves, we find
that the pass band of a single amplifier
as in curve 1 extends between the fre-
quencies f; and fg; for two amplifiers
in cascade this is narrowed to the fre-
quencies > and f; on curve 2; and on
curve 3, representing three amplifiers
in cascade, the pass band is diminished
still more and lies between frequencies
f3 and f;.

This demonstrates the fact that op-
erating r.f. amplifiers in cascade not
only increases the gain tremendously,
but also improves the selectivity to a
great degree.

Plotting Curves. Curve 3 in Fig. 8
is getting rather tall, even though it
represents a gain of only 27. Imagine
how far the curve would extend if we
plotted gains of 1 million—a figure
fairly easy to obtain from three r.f.
stages with a gain of 100 each!

To reduce such curves to more rea-
sonable size, a logarithmic scale is used,
as in Fig. 9A. As an additional con-
venience, the frequency scale also is
changed to read in units of kiloeycles
above and below resonance. Although
this method of plotting “shortens” the
curve and actually distorts its shape,
the gain and the true pass band as indi-
cated by the half-power points still
can be determined.

Even a plot like Iig. 9A sometimes
is awkward because the values of am-
plification at and near resonance in-
volve rather large numbers. In such
cases, engineers plot what is called a
“ratio resonance” curve. Thisis a curve
obtained by dividing the amplification
at resonance by the amplification at
each test frequency and plotting the
resulting ratios against frequency in
the manner shown in Fig. 9B.

Instead of holding the test input
voltage constant and noting the change
in output for different frequencies as
was done for Fig. 9A, the ratio curve
is determined by setting the output at
some arbitrary level at resonance, and
then noting how much the input volt-
age must be increased to get the same
output for other frequencies above and
below resonance. Care must be taken
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in doing this, however, to be sure ex-
cessive input voltage is not applied to
the receiver, or else overloading may
occur and the results will be erroneous.

I. F. AMPLIFIERS

In the tuned radio-frequency type of
receiver, several r.f. stages are cas-
caded. Even at best, however, the selec-
tivity and gain are not equal to that
obtainable from a superheterodyne, so
the latter receiver is the preferred type.

Although a “super” receiver may use
one or more tuned r.f. amplifiers, its
gain and selectivity come from the use
of fixed-tuned i.f. stages. (You will re-
call that the incoming signal is com-
bined with a signal from a local os-
cillator in a converter stage of a super-
heterodyne. The intermediate fre-
quency output of the converter carries
all the modulation of the original car-
rier.) Since the i.f. amplifiers are fixed-
tuned, these can be made more complex
than the ordinary r.f. amplifier in or-
der to obtain a selectivity curve which
more closely approaches an ideal re-
sponse.

Dual Tuned Circuits. Almost all
i.f. amplifiers use some form of dual
tuned circuit such as Fig. 10, This is
an r.f. coupling transformer with both
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FIG. 9. By using a logarithmic instead of a linear amplification scale, we can plot high-gain response

curves in smaller more convenient form. At left is a conventional true amplification curve. We obtain

the roltage ratio curve at right by dividing the amplification at resonance by the amplification at
each test frequency.
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primary and secondary windings tuned
to the same frequency. As you might
expect, the response curve from such
an arrangement will depend a great
deal upon the respective Q’s of the two
coils L; and L.. We find also that the
gain and the selectivity are determined

T0
GRID

FIG. 10. The double-tuned transformer load cir-
cuit commonly used in i.f. amplifiers.

to a marked extent by the degree of
coupling between the inductances.

If we run a response curve with the
two coils L; and L, widely separated so
that their mutual inductance M is very
low, we obtain the curve 1 in Fig. 11.
Since the coupling is small there is very
little energy transferred from the pri-
mary to the secondary winding, and
consequently, the output voltage can-
not rise very high.

With the coils closer together, so that
there is a larger mutual inductance M,
we get curve 2 of Fig. 11. As you might
expect, with closer coupling, more en-
ergy is transferred, and the output
voltage becomes greater.

We can continue to increase the out-
put voltage in this manner by increas-
ing coupling until we get to a maxi-
mura value as indicated by curve 3.
At this point we have what is called
“critical coupling”—no greater output
voltage can be obtained for any other
coupling adjustment.

Critical coupling occurs when the
resistance “reflected” into the primary
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circuit from the secondary is exactly
equal to the primary resistance. Under
these conditions, the load resistance
presented to the tube is equal to the
tube plate resistance, and as we know,
this is the condition for maximum
transfer of energy.

If we go beyond the critical point
and increase the coupling still more,
we find the maximum secondary volt-
age drops slightly. This is shown by
curve 4. Note, however, that instead of
a single peak, the curve is beginning
to split so that we have two “humps”
of maximum response.

For still greater coupling, as shown
by curve 5, the output drops still more,
and the humps have been separated so
that they are much more pronounced.

These curves in Fig. 11 are charac-
teristic of all double tuned ecircuits.
Curves of this type will be found no
matter whether the two resonant ecir-
cuits are coupled inductively as shown
in Fig. 10 or are coupled by a common
capacity or by means of direct coupling
of some sort.

OUTPUT ¢,

! RESONANT
FREQUENCY -

FIG. Il. Effect of variations in coupling upon
the shape of the response curve for the double
tuned transformer circuit in Fig. 10.

» As curve 4 in Fig. 11 shows, for the
condition of coupling slightly greater
than critical we do get two humps but
they are not far apart, and the “hol-
low” between them is quite small. This
seems like an ideal response curve, for
if we have a signal carrier located at

the resonant frequency f., we see that
side-band frequencies as low as f; and
as high as f, will be amplified very
nearly the same amount. Because of
this characteristic, such a curve is com-
monly called a “band-pass” response.
And indeed, a receiver having an
over-all band-pass response like curve
4 in Fig. 11 will have better fidelity
than one giving “peaked” response like
that in Figs. 8 and 9. This is true be-
cause the side-band frequencies more
removed from the carrier are not at-
tenuated as greatly, and the higher
audio frequencies of the signal are re-
produced with their proper intensity.
A New Definition of Selectivity.
Now that we have a band-pass re-
sponse which has two peaks instead of
one, the old definition of selectivity as
determined by the half-power points
becomes meaningless. We must, there-
fore, devise some new definition.
Suppose we examine Fig. 12. As
shown by the dotted lines, a perfect or
“ideal” band-pass response curve would
be one in which the carrier and all
side-band frequencies were passed with
exactly the same amplification, and at
the same time, all frequencies outside
this band would be cut off completely.
It is not possible to get such an ideal
curve, of course, but a good super-
heterodyne receiver using several band-
pass i.f. stages can approach such a re-
sponse fairly closely, as indicated by
the solid-line curve in Fig. 12.
» Now what is good selectivity for a
curve such as this? As a matter of con-
vention, a curve denotes good selectiv-
ity if the nearest adjacent channel car-
rier recetves 1000 times less amplifica-
tion than the desired station carrier
and side bands. This corresponds to a

relative attenuation of 60 db. Since
broadcast stations are 10 ke. apart, the
solid curve in Fig. 12 shows good
broadcast selectivity because the ad-
jacent carriers A and B do strike the
curve above the 1000 times ratio or 60
db mark.
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FIG. 12. A band-pass response characteristic

showing good selectivity and high fidelity. For

comparison, an "ideal" response is indicated in
dotted lines.

P But we have already said the am-
plification given the desired carrier
side bands affects the over-all fidelity.
Because of this, it becomes possible to
make a definition for good fidelity at
the same time that we make a defini-
tion of selectivity. For broadcast re-
ceivers, a response curve s said to in-
dicate good fidelity if the variation in
gain between the carrier and all of its
side bands does mot vary more than
1.25 to 1. This simply means that there
must not be more than plus or minus
1 db difference in amplification be-
tween the carrier and any side-band
frequency. From this we see that the
solid curve in Fig. 12 also shows good
fidelity since the response to all side
bands out to plus or minus 5 ke. lies
below the 1.25 ratio or 1 db point.
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Stabilizing Radio-Frequency Amplifiers

If we were to set up any of the r.f.
amplifier circuits described so far, we
probably would find they were very
unstable. Indeed, they might “motor-
boat” or squeal loudly as we attempted
to tune in a station.

To see why this occurs, refer to Fig.
13A, which shows a triode r.f. amplifier
having tuned circuits in both plate
and grid leads. Now, as we saw earlier,
there are capacities between the tube
elements. Thus, we have the grid-cath-
ode capacity Cg which serves to in-
crease the capacity across the tuned
circuit I;-C;, and the plate-cathode
capacity Cy which adds to the capac-
ity of the plate resonant circuit Lo-C,.
But note the grid-plate capacity Cg,
which we have not considered before.
Indeed, this capacity, which is made
up of the plate and grid acting as con-
denser plates, can be larger than either
of the other two tube capacities. And
worst of all, because of its position, it
can have very adverse effects upon the
amplifier operation.

For one thing, since the plate signal
voltage variations are much larger than
those of the grid, we find that r.f. cur-
rents tend to flow from the plate to the
grid circuit directly through this inter-
electrode capacity. This causes an ex-
tra flow of current and because of it the
effective grid circuit impedance is dras-
tically changed.

In general, the effects of this plate-
to-grid “feedback” are the same as
those that would be obtained by shunt-
ing the grid tuned circuit with a re-
sistor and an additional capacity.
Thus, the tube capacities in Fig. 13A
serve to change the effective circuit to
appear as in Fig. 13B. Here we have
the grid-cathode capacity Cg as be-
fore, but in addition, we now have the
capacity Cr and resistor Ry, both of

14
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which can be considered as the result
of plate-to-grid feedback current flow.

Unfortunately, the values of these
imaginary components, Ry and Cg, are
not constant but vary tremendously
with the tuning of the plate resonant
circuit L,-C,. For different adjust-
ments of plate tuning we find that the
apparent capacity Cgr changes as
shown in Fig. 14. For plate tuning far
above or far below the frequency of
the incoming signal, the capacity Cy
is quite small and has little effect. With
the plate tuned to exact resonance,
however, this capacity rises to a high
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FIG. 13. In A, the three interelectrode capaci-

ties which enter into the operation of an R.F.

amplifier are indicated by dotted lines. Then,

at B, the circuit is modified to include only those

parts which affect the tube as an amplifier. The

effects of the grid-to-plate capacity Cqp are rep-
resented by Rz and Cy.

value. In actual amplifiers, the capac-
ity Cg becomes approximately equal to
the grid-plate capacity Cg, multiplied
by the gain of the stage.

This means, then, even though the
grid-plate capacity Cg, may be small,
in an amplifier like Fig. 13B which has
a high gain, the effective capacity Cg
shunted across the tuned grid circuit
may become so large that the circuit
is seriously detuned.

» In a similar manner the effective
shunt resistance Ry also changes with
plate tuning. If the plate circuit in Fig.
13B is tuned ezxactly to resonance, then
the resistance Ry is so extremely high
it ecan be ignored. If the capacity of
C, is increased, however, so that the
plate circuit is resonant to a lower fre-
quency, and hence, becomes capacitive,
then the apparent resistance Ry drops
in value so severely that the input cir-
cuit L;-C; is loaded heavily. When this
happens, the input voltage drops; also,
the Q of the circuit and its selectivity
are greatly decreased. The general ef-
fect, then, is to lower the gain of the
amplifier stage and broaden its re-
sponse. Under these circumstances we
have what is commonly called “degen-
eration” or “negative feedback.”
» On the other hand, if we tune the
plate circuit Lo-Cs in Fig. 13A to a fre-
quency higher than that of the incom-
ing signal so that the plate circuit be-
comes inductive, we find that other ef-
fects occur, When the plate circuit is
inductive, the r.f. plate voltage is
changed in phase so that the current
flowing back through the grid-plate ca-
pacity produces an extra grid voltage
which is in phase with the original sig-
nal voltage. The feedback in this case
actually increases the apparent signal
voltage, and we have what 1is called
“regeneration” or “positive feedback.”
For this condition, the apparent re-
sistor Ry in Fig. 13B is said to become
a negative resistance. It actually does

not do so, of course, but the effect is
the same as if it did, for the energy fed
back to the grid from the plate circuit
tends to restore all the energy normally
lost in the resistance of the grid tuned
circuit.

Since the feedback voltage actually
aids the input signal, you would ex-
pect the gain of the amplifier stage to
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FIG. 14. This curve shows how the equivalent

capacity Cr of the circuit in Fig. I3B varies when

the plate tank circuit of an R.F. amplifier is

tuned to, above, and below the frequency of
an incoming signal.

increase. It does. Also, since the nega-
tive resistance effect reduces the losses
in the input tuned ecircuit I.,;-C;, you
might expect the circuit Q and the re-
sultant selectivity to be improved. This
also happens. Unfortunately, however,
the exact amount of feedback cannot
be controlled readily, and in the usual
case the signal fed back to the grid
through the grid-plate capacity be-
comes excessive. As a resulé, the feed-
back voltage takes control of the am-
plifier, the output getting higher and
higher until the amplifier bursts into
oscillation. The amplifier, therefore,
becomes an oscillator which generates
an r.f. signal of its own. This spurious
signal beats with the desired signal to
give annoying squeals and howls.

» Looking back over the effects of
current flowing from plate to grid
through the common capacity of these
tube elements, we see we may get either
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a loss in gain and selectivity for a ca-
pacitive plate circuit, or for an indue-
tive plate, severe amplifier oscillation.
Of course, practical receiver amplifiers
do not use tuned circuits in both the
plate and grid circuits, However, the
effects of the tuned circuit in the fol-
lowing stages are transferred to the
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FIG. 15. An early neufrodyna r.f. amplifier cir-

cuit is shown at A, in which a special coil Lo

provudos the I‘OTUIrOd neutralizing voltage. At

B, a tap on coil Ly gives the required out-of-
phase feedback voltage.

plate circuit so that either degeneration
or regeneration is likely to occur. From
this it is obvious that a stable, well-
behaved r.f. amplifier cannot be ex-
pected unless some means of eliminat-
ing the plate-to-grid feedback is de-
vised.

Reducing Feedback. Referring
again to Fig. 13B, notice the position
of the equivalent resistance Ry. As this
apparent resistance tends to be nega-
tive in character when the stage is re-
generative, it is obvious that feedback
effects can be diminished by shunting
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an additional positive resistor from
grid to ground. Thus if we load the grid
circuit in Fig. 13A by placing a suffi-
ciently low resistance across the points
1 and 2, we find that oscillation can be
prevented.

A similar method of stabilizing an
r.f. amplifier is to insert a “suppressor”
resistor of about 100 to 10,000 ohms in
series with the grid lead at point 1.

Both of these methods, however, ac-
complish stabilization principally by
lowering the gain of the stage below the
oscillation point. Accordingly, such
schemes are not considered generally
satisfactory.

NEUTRALIZATION

Instead of attempting to minimize
the undesired feedback effects, let us
try to cancel the feedback current it-
self. To do this, we add an extra feed-
back connection between the plate and
grid circuits. If we then arrange this
auxiliary circuit so that its new feed-
back voltage is equal to, but is 180°
out of phase with that flowing through
the tube capacity, then the two feed-
back voltages will cancel, and the re-
sulting energy fed from plate to grid
will be reduced to zero. T'his method of
cancelling one feedback current by
adding another which is 180° out of
phase 1s called “neutralization.” Fig.
15 shows two typical “neutrodyne”
circuits.

In Fig. 15A, the auxiliary coil L.
picks up a voltage in proper phase from
the r.f. transformer L; and feeds it
through the neutralizing condenser Cy
to the grid of the tube. If both the coil
and the condenser are adjusted prop-
erly, the voltage arriving at the grid
from this circuit will be equal and op-
posite to that passing through the tube
capacity Cg,. These two feedback volt-
ages, therefore, cancel each other.
When this is accomplished, then the
amplifier stage will give full gain with-

out danger of any undesired oscillation.

In the neutralizing cirecuit shown in
Fig. 15B, the neutralizing voltage of
proper phase is picked off from a tap on
the secondary of the r.f. transformer.

Neutralization Disadvantages. Al-
though neutralized triode r.f. ampli-
fiers can be made to perform reason-
ably well, they do have many disad-
vantages. Chief among these is the fact
that aging tubes, coils, and condensers
can change their constants sufficiently
to destroy complete neutralization. As
a consequence, neutralized receivers
often need periodic adjustment. Some-
times it is quite difficult to get satis-
factory neutralization at both ends of
the frequency band over which a re-
ceiver tunes, If we add to this the diffi-
culties encountered in adding band-

switching for an all-wave receiver, we
see that the problems associated with
neutralization become somewhat com-
plex.

Since most feedback troubles in r.f.
amplifiers are caused by the capacity
between the plate and the grid in the
triode amplifier tube, a great deal of
work was expended in an effort to de-
vise vacuum tubes having negligible
interelectrode capacity. This naturally
led to the development of the screen-
grid tube which we will now study in
some detail, for it is widely used in
low-power transmitters and receiver
circuits. However, we will come back
to neutralization in our study of trans-
mitters, because the use of triode tubes
is very widespread where high powers
are to be handled.

Tubes With

The capacity between the plate and
the grid of a vacuum tube can be re-
duced by placing an electrostatic shield
between these two elements. This is
usually done by placing an additional
grid in the space between the control
grid and the plate. A tube so con-
structed is called a “screen-grid” tube.

If the screen grid is grounded, the
feedback current which heretofore
flowed through the grid-plate capacity
now will flow instead to the screen grid
and thence to ground as shown by the
arrows in Fig. 16, and will not reach
the control grid at all. Feedback effects,
therefore, will be greatly reduced.

Since the shielding by the screen grid
also reduces the effects of plate poten-
tial upon the value of plate current, it
is necessary that the screen grid be
made positive with respect to the cath-
ode in order to obtain any substantial
plate current. This potential usually is
much less than that of the plate so that

Screen Grids

screen-grid current flow is kept rela-
tively small. With this arrangement,
the by-pass condenser C., becomes
necessary, however, to keep a low-im-
pedance path to ground for r.f. feed-
back currents. For stable operation, the
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FIG. 16. R.F. amplifier circuit using a screen
grid tube. In such screen grid tubes as the 24A,
the screen grid completely surrounds the plate,
as indicahg by the light dotted lines, but the
schematic diagram for a screen-grid tube gen-
erally shows only the heavy lines Eoro indicated.
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FIG. 17. Construction of a typical screen grid tube, a type 32 tetrode. The control grid is at A.

The inner part of the screen grid (mounted between the plate and the control grid) is at B, and

the outer part of the screen grid (which surrounds plate C) is at D. At the right is the completed
tube.

can be used in r.f. amplifiers without
any neutralization whatsoever.

TETRODE TUBES

The insertion of the screen grid does
much more than reduce the grid-plate
capacity in a vacuum tube. As you
might expect, since all plate current
actually flows through the openings of
the screen grid, the tube characteristics
are changed quite markedly. If we were
to plot the values of plate current
versus plate voltage for different con-
trol-grid bias values, keeping a con-
stant screen-grid potential, we would
obtain a family of curves like Fig. 18.

The line A-A at 90 volts represents
the screen-grid voltage. Observe that
for plate voltages less than the screen
erid potential, the plate current varies
erratically. But most important, for
plate voltages beyond the ecritical
point, the curves are almost flat, the
plate current increasing but little for
quite large changes in plate voltage.
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capacity of C, should be many times
greater than the interelectrode capac-
ity between the screen and control
grids — otherwise sufficient feedback
current may get through to the control
grid to result in oscillation.

A screen grid, of course, does not
eliminate completely the plate-to-grid
capacity, for there is always some leak-
age current from plate to grid. By com-
pletely surrounding the plate with the
screen grid—that is, placing the screen
outside as well as inside the plate—it
is possible, however, to reduce this
leakage to a very small value. Indeed,
by using the construction which is il-
lustrated in Fig. 17, the grid-plate ca-
pacity of a screen grid tube is made
approximately 1000 times smaller than
that for a triode. This reduction is more
than sufficient to prevent regenerative
feedback at ordinary frequencies. As a
consequence, screen-grid tubes— or
“tetrodes,” as they are often called be-
cause of their four active elements—
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From Ohm’s Law, when large voltage
changes produce small current changes,
the resistance must be high; therefore
this shows that the plate resistance of
a tetrode 1s very high.

In practical sereen-grid tubes, since
the feedback troubles are eliminated, it
becomes possible to move the plate
farther away from the cathode. This
results in a much higher effective am-
plification factor but it also increases
the plate resistance still more. As a re-
sult, most tetrodes have a plate imped-
ance of approximately 0.5 megohm—
substantially greater than the 10,000
ohms or so usually found in a triode.
» What effects does this increased
plate resistance and greater effective
amplification factor have on amplifier
performance? For one thing, since there
is negligible feedback, the control-grid
impedance remains high. The input
tuned circuit (L;-C; in Fig. 16), there-

factor commonly built into a screen-
grid tube.

Altogether then, the tetrode offers
several important advantages over the
triode for r.f. amplifier use. Not only
can we get more gain and better selec-
tivity, but also there are no neutraliza-
tion worries. As a consequence, modern
receivers use screen-grid tubes of some
form in both r.f. and i.f. amplifiers.

PENTODE TUBES

In any amplifier, the actual tube
plate voltage is the B supply voltage
plus or minus the a.c. signal voltage
across the plate load. This means, of
course, that the instantaneous plate
voltage varies from high to low values
in accordance with the signal. But the
plate potential of a screen-grid tube
must not be allowed to fall too low, or
the operation will extend into the un-
stable region, to the left of the line A-A
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fore, is not loaded, and its Q and selec-
tivity may be made quite high. Also,
since the plate resistance is high, the
plate tuned circuit (or the one in the
following grid circuit) also is loaded
but little; this circuit, too, may have
high Q and good selectivity. But most
significant of all, a tuned circuit with
a high Q acts as a high-impedance
plate load so the stage amplification
will be increased—and this is enhanced
still more by the higher amplification

5 32!
PLATE YOLTS

in Fig. 18. Thus, the load resistance, as
represented by the load line in Fig. 18,
must be low enough in value to prevent
the plate voltage from dropping below
the potential of the screen grid at any
time. This condition, of course, deter-
mines the maximum amount of volt-
age change that can be tolerated on the
plate, and hence, the output voltage
and the over-all stage amplifieation is
limited.

What causes the unstable operation
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FIG. 19. R.F. amplifier circuit using a suppressor

grid tube. In most pentode tubes like this, the

screen grid does not cover the outside of the
plate.

region in a tetrode? It so happens that
when a screen grid is added to a vac-
uum tube, the electrons leaving the
cathode are accelerated to such veloci-
ties that they strike the plate with ter-
rific impact. This impact is so great
that one electron literally may knock
out several other electrons from the
plate surface. These extra electrons are
called “secondary” electrons, and the

value. However, if the plate potential
is lower than that of the screen grid,
then these electrons endeavor to flow
to the screen grid instead of returning
to the plate. In this case, the effective
plate current may actually drop, and
normal operation is not obtained. It is
this loss of plate current due to the flow
of secondary electrons that accounts
for the peculiar shape of tetrode curves
in the unstable region.

But how can we make the secondary
electrons return to the plate for all
values of plate voltage? This is most
easily done by inserting what is called
a “suppressor” grid between the screen
grid and the plate. Since this extra grid
makes a fifth active element, tubes
using suppressor grids are commonly
called “pentodes.” As illustrated in the
typical pentode amplifier circuit in Fig.
19, the suppressor grid ordinarily is
connected to the cathode, but in some
cases it may be connected to ground.

phenomenon is termed ‘“secondary In many tubes, this suppressor grid-
emission.” to-cathode connection is an internal
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» Now what happens to these second-
ary electrons knocked into the space
between the plate and the screen grid?

tube connection. In either instance, the
suppressor grid has a high negative po-
tential with respect to the plate. Any

is prevented, even though the plate po-
tential may become very much lower
than that of the screen grid.

From this suppressor grid action we
should expect the unstable region in
the characteristic curves to be elimi-
nated. It is. Note the typical pentode
E,-I, curves in Fig. 20. Plate current
rises sharply for very low voltages, and
the relatively flat portions of the curves
are quite extended. With characteris-
tics like this, pentodes allow the use of
very high load impedances, thereby
permitting very wide plate voltage
variations. As a result, these tubes give
much more gain. Pentodes have re-
placed the earlier tetrodes in almost
all receiver applications.

BEAM-FORMING TUBES

Using a suppressor grid, however, is
not the only means of eliminating sec-
ondary emission. By placing the screen
grid in the “shadow” of the control grid
so that there is a relatively clear path
between the plate and cathode for elec-
tron travel, and by adding two beam-
forming electrodes as illustrated in Fig.
21, we can construct a “beam” tube
having characteristics almost identical
to the pentode. These beam-forming
electrodes are a pair of specially shaped
“plates” that are connected to the cath-
ode. Since they are negative with re-
spect to the plate, they serve to focus
the electron stream into two dense
beams. Thus, the electron concentra-
tion near the plate surface is made so
great that secondary electrons leaving
the plate are repelled by the electron
field and forced back to the plate sur-
face. The electron beam itself, there-
fore, serves as a suppressor grid, and no
actual grid is necessary. The E,-I,

VARIABLE-MU TUBES

In receivers that do not use auto-
matic volume control (a.v.c.), the vol-
ume is usually controlled by adjusting
the control-grid bias of one or more of
the high-frequency amplifiers.

But what happens to the perform-
ance of an ordinary screen-grid or pen-
tode tube when the control-grid bias is
varied in this manner? Let us look at
Fig. 22. As shown by the heavy curve,
the tube’s mutual conductance G.,, and

BEAM-
FORMING
ELECTRODE

CATHODE
GRID
SCREEN

v .; .r'_..
evay -—L..

N -

PLATE

Cowrtesy R.C.4.M/g. Co., Ine.

FIG. 21. Sketch showing arrangement of elec-

trodes in the type 6L6 beam amplifier tube. The

electron beam provides its own suppression,

forcing secondary emission electrons back to
the plate.

hence, its amplification, drops rapidly
with increasing negative control-grid
bias.* Because of the very high ampli-
fication factor, however, the plate cur-
rent cuts off sharply, and the mutual
conductance drops to zero at relatively
low bias voltages. This leads to numer-
ous troubles.

If a strong input signal is applied to
an amplifier tube for which the bias is
adjusted close to the cut-off point, the
signal itself may swing the grid suffi-

If the plate potential is higher than
that of the screen grid, then these ex-
tra electrons simply fall back to the
plate, rendering no harm, and keeping
the plate current at a perfectly normal

secondary electrons attempting to flow
to the screen grid, therefore, will be
repelled by the suppressor grid and
promptly attracted back to the plate.
In this way, secondary plate emission

20 ‘ 21

*When the a.c. plate resistance of a tube
is much higher than tbe load impedance,
the circuit acts as a constant current cir-
cuit, and the output voltage depends on the
mutual conductance and the load impe-
dance (e, =— &m X Z.).

characteristics of beam tubes are al-
most identical in shape to those of pen-
todes, and their respective perform-
ances also are quite similar.
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ciently negative to stop plate current
flow. This, of course, will give severe
modulation distortion.

For another case, suppose we use an
ordinary sharp cut-off tube as the first
r.f. amplifier in a receiver. In this stage,
the selectivity afforded by the single

w
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FIG. 22. Characteristic curves showing the
sharp cut-off of ordinary tubes and the extend-
ed cut-off of variable-mu types.

tuned circuit is not sufficient to reject
strong local signals, and the tube grid
may have both a weak desired signal
and a strong undesired local signal im-
pressed upon it. If this is the case, and
we attempt to control the tube gain by
increasing its control-grid bias, we may
find that the strong local signal swings
the control grid back and forth across
the cut-off point. When this happens,
the tube acts like a detector, and recti-
fied audio frequencies from the local
signal modulation are made to appear
in the tube plate current. Unfortunate-
ly, these stray audio frequencies then
proceed to modulate the desired weak
signal carrier. We find, then, that the
following amplifiers are excited with a
single carrier containing the modula-
tion signals from two different stations.
The final result, of course, is that we
hear two different programs at the same
time.

This superimposing of one signal
upon another is commonly called
“cross-modulation.” As we pointed out,
it is due to the operation of a tube
along a non-linear portion of its char-
acteristic curve. If we wish to control

gain by variation of grid bias, and yet
prevent cross-modulation, then we
must use some sort of tube that does
not have a sharp plate current cut-off
characteristic.

» The amplification factor of a tube,
and hence its cut-off grid voltage, is
determined principally by the grid wire
spacing and the grid separation from
the cathode. Suppose we make a tube
in which either the cathode-grid sepa-
ration, or, as illustrated in Fig. 23, the
grid wire spacing is not kept constant.
What sort of performance will this tube
give?

For low-grid bias voltages, a large
number of the electrons leaving the
cathode will pass through the closely
spaced portions of the grid, and the
effective tube amplification factor will
be high. For a high negative grid bias,
the closely spaced portions of the grid
reach cut-off quickly; however, elec-

trons continue to pass through the

GRID SUPPORTING POST

CLOSE SPACING OF I
GRID WIRE FOR —
HIGH MU ACTION

G =E

|« WIDE SPACING FOR
LOW MU ACTION

“~CATHODE

FIG. 23. This sketch shows the variable spacing
used for the control grig wires in a variable-mu
tube.

widely spaced grid section. This tube,
therefore, does not cut off abruptly, but
instead begins to exhibit an effective
low amplification factor, Of course,
complete cut-off will be reached if
enough grid bias is applied, but this
point is greatly extended. This effect
is illustrated by the dotted curve in

the characteristic curve of Fig. 22.

Tubes made in this manner are
called “variable-mu” tubes because
their effective amplification factor ac-
tually does change with increasing
grid bias. Other names for them are
“remote cut-off” or ‘“super-control”
tubes.

If we now compare the two curves
in Fig. 22 we can see that the variable-

mu characteristic has no sharp bends
or sudden cut-off. Because of this, such
a tube is very effective in reducing
cross-modulation and distortion when
amplifier gain is adjusted by a variable
grid bias. Since most modern receivers
apply variable a.v.c. voltage to every
r.f. and if. stage, pentode tubes with
built-in variable-mu action are usual-
ly used in these amplifier stages.

Basic Transmitter R.F. Amplifiers

Up to this point we have considered
receiver r.f. amplifiers in which the
prime consideration is voltage gain.
Since receiver tubes draw little plate
power, over-all efficiency usually is of
secondary importance.

In transmitters, r.f. amplifiers are
used expressly for increasing the avail-
able power—ordinarily from a low-
power master oscillator. We now find
amplifier power gain becomes the
measure of performance. Also, since
high power is expensive to obtain, we
become interested in how much d.c.
power fed into a given amplifier ac-
tually is transformed into useful radio-
frequency energy which can be sup-
plied to the antenna or some other
load. Amplifier efficiency, therefore, is
of major interest.

The basic transmitter r.f. amplifier
is quite similar to the receiver ampli-
fier already discussed. It consists, es-
sentially, of an amplifier tube working
into a resonant tuned circuit load as in
Fig. 24. Here we have a triode tube
with parallel-tuned circuit L;-C; in-
serted in the plate lead.

When excitation power, say from a
master oscillator, is fed to the tube
erid through coupling capacity Co,,
plate current will be varied in accord-

ance with the excitation voltage, and
an amplified amount of power will be
developed in the tuned tank ecircuit
L;-C;. Some of this power is then fed
to the load—which may be an antenna,
or a second higher power amplifier—Dby

OUTPUT
POWER
L, TO LOAD

\

e il .|_
A=

FIG. 24. The basic transmitter R.F. amplifier is
simply a vacuum tube working into a resonant
tuned circuit load.

means of the inductive coupling be-
tween pick-up coil I., and the tank in-
ductance L.

What determines the amount of
power output and the efficiency we ob-
tain in a circuit such as this? We shall
find that many factors affect amplifier
behavior, but the most important of
these are the plate voltage, grid bias
voltage, and excitation level under
which the amplifier is allowed to per-
form.

22 23
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OPERATING AMPLIFIERS IN
CLASSES A, B, AND C

You will remember that r.f. ampli-
fiers in a receiver were operated under
class A conditions. By inspecting Fig.
25 you will recall that this type of op-
eration is obtained when a tube is
biased at some point such as A on the
linear portion of its E,.-I, curve. The
grid excitation voltage is never allowed
to drive the grid more positive than
zero or more negative than twice the
bias voltage, and under these condi-

—Eg.._

matter what the excitation voltage may
be. Indeed, this same amount of plate
current will flow if there is no excita-
tion at all! The theoretical maximum
efficiency for class A amplifiers is only
50%, and in actual practice this may
be as low as 20 to 30%. As a conse-
quence, class A r.f, amplifiers are never
used in transmitfers. '

- Class B Operation. If we bias an
amplifier to the plate current cut-off
point such as B in Fig. 25, then we ob-
tain what is known as class B opera-

tion. This cut-off bias is determined
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FIG. 25. Relationship between grid bias voltage, grid swing, and plate current for class A, class B,

and class C amplifiers. In class A, the grid never swings positive; in class B the grid swings positive

only over the linear region of the plate current characteristic; in class C the grid swings beyond
the plate current saturation point.

tions the signal variations in the tube
plate current are a nearly perfect re-
production of the original grid signal.
Typical grid voltage and plate current
changes in a class A cycle are shown
in the figure.

Class A operation gives amplifica-
tion with the least amount of output
distortion. The efficiency of such am-
plifiers, however, is quite poor. Since
the peak grid excitation voltage is
never allowed to exceed the bias volt-
age, the average plate current always
remains at the value for point A, no
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by dividing the plate voltage applied
to a triode tube by the tube amplifica-
tion factor. Thus, if the amplifier in
Fig. 24 has a plate-supply voltage of
1000 volts, and the tube an amplifica-
tion factor p of 20, then the cut-off bias
will be:

An r.f. amplifier biased in this man-
ner behaves in the same way as the
audio-frequency class B amplifier. In-
specting the class B cycle shown in Fig.

25, we see that no plate current at all
flows from the negative half-cycle of
grid input voltage. On the positive
half-cycle, however, plate current does
flow, and this current is made very high
by driving the grid far into the positive
region. Under these circumstances, the
grid draws considerable current, its
impedance drops, and we see that a
definite amount of driving power must
be furnished to the amplifier.

The grid, however, is never driven
beyond the linear portion of the oper-
ating curve. The plate-current pulse
which flows for exactly a half-cycle or
180° of the excitation voltage, there-
fore, is an amplified reproduction of
the positive half of the grid input volt-
age. Since plate current flows only half
the time, the efficiency of a class B
amplifier is much higher than that for
a class A amplifier. The theoretical
maximum is about 78 %, but the aver-
age practical efficiency is between 50%
and 60%.

Looking at Fig. 25 again, notice that
we get plate current during only the
positive swing of grid voltage; for the
negative grid swing which takes the
instantaneous voltage below the cut-off
value, we get no current at all. Surely
this reproduction of only one half-
cycle represents very severe distortion.
In fact, you will remember we found it
necessary to use two tubes in push-pull
for class B audio amplifiers to avoid
this distortion—the second tube acting
to supply the missing half-cycle. How-
ever, for r.f. amplifiers operated in class
B this push-pull arrangement is not
necessary.

The Flywheel Effect. Assuming
the amplifier in Fig. 24 to be operating
in class B, let us consider the voltage
distribution at the instant the grid
reaches its maximum positive value.
For this condition, the tube will be
drawing a heavy plate current, and its

plate voltage will drop to a low value.

This means the voltage drop developed
across the tank eircuit load L,-C; will
be very nearly equal to the full power-
supply voltage. This voltage drop, of
course, charges the tank condenser C;.

If we now assume that the grid volt-
age decreases from its maximum value
to zero and then becomes negative, the
plate current flow will be cut off. With

TANK CURRENT DURING PLATE
CURRENT

FLOW
/

2

TIME OF
POSITIVE
GRID
VOLTAGE

\ 7
e 80— \ /
TIME OF /
\ NEGATIVE /
\ GRID /
\  voLtacE
\ 1
DISCHARGE (S Pld
CURRENT o

s

[ FIG. 26. Even though energy is supplied only ™

! half the time by a class B r.f. amplifier, the

\tank circuit flywheel effect produces a complete
S cycle of tank current flow.
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no more voltage drop across the tank
circuit I;-C,, the condenser C, pro-
ceeds to discharge. Since it cannot pass
through the tube which is cut off, the
discharge current flows back through
the inductance coil L;.

Referring to Fig. 26, we see that the
initial plate current flow during the
portion 1-2 of the cycle charges the
condenser. Then, during the portion
2-3 of the cycle, the condenser dis-
charges through the coil.

You have learned that a coil opposes
changes in the current flow through it.
Therefore, while the condenser is dis-
charging, the coil stores energy in its
magnetic field. When the electron
movement has caused the condenser
voltage to drop to zero, the coil field
collapses, and keeps electrons moving
in the same direction. In Fig. 24, elec-
trons leave the upper plate of C;, flow
through I,, and are now forced into
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the lower plate of C,. Hence, this
charges C; again, this time with the
opposite polarity. (If at first the upper
plate was negative, now it is the lower
plate.) This corresponds to the action
over the 3-4 section of Fig. 26.

At point 5, the next cycle of plate
current begins to supply energy, and
the cycle repeats. In this manner, even
though the tuned tank circuit receives
energy during one half-cyele only, it
literally “coasts” for the remaining
half-cycle. The r.f. output ecurrent,
therefore, is very nearly a perfect sine
wave.

This action, in which a tank eircuit
aceepts pulses of energy and construets
complete sine-wave cyceles of a.c., is
called the “flywheel” effect. It is de-
pended upon in all single-tube tuned
amplifiers to “round out” the missing
half-cycle and produce a reasonably
undistorted output.

» The fact that class B grid excitation
is limited to the straight-line portion
of the operating curve makes these
amplifiers useful in several special ap-
plications. For example, since the out-
put voltage is always proportional to
the input voltage, the output power
also varies in exactly the same manner
as the excitation power. The excitation
to a class B stage, therefore, may be
an amplitude-modulated carrier. Such
amplifiers are sometimes used to in-
crease the power of transmitters which
have amplitude modulation introduced
in some earlier, relatively low-power
stage. In such use, class B amplifiers
are usually designed for very high
power, and because of their operating
characteristics, they are often called
“linear” amplifiers. These will be
studied in some detail in a later Lesson.

Class C Operation. Now that we
have found that r.f. amplifier efficiency
is improved by biasing the tube to cut-
off and allowing plate current to flow
for only the positive half of the grid
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excitation cycle, suppose we increase
the bias still more and see what hap-
pens. If we make the grid bias voltage
cqual to at least twice the cut-off value,
we have what is commonly -called
“class C” operation. Fig. 25 shows this
operation at point C.

As you would expect, we get no plate
current flow at all for the negative half-
cycle of grid input voltage. In fact,
there is no plate current even for part
of the positive half-cycle until the time
that the instantaneous grid voltage
reaches the cut-off point, The plate

current pulse that flows, therefore, does-

not last over a complete half-cycle, or
180°.

Unlike class B operation, for true
class C performance, the grid excita-
tion is not limited to the linear portion
of the curve. To obtain a maximum of
cfficiency, the grid is driven very, very
far positive—beyond the straight-line
part of the curve into the plate satura-
tion region. In fact, the grid is driven
so far positive that the grid current
flowing begins to “rob” the normal
plate current flow. This accounts for
the “notch” in the top of the plate cur-
rent pulse shown in Fig. 25.

The shape of this plate current pulse
shows that we get even more output
distortion than for a single class B am-
plifier stage. Nevertheless, the flywheel
effect of the tank circuit can be made
sufficiently great to overcome this dis-
advantage so that reasonably undis-
torted sine-wave power output is pro-
duced.

What sort of efficiency do we get
from such operation? Let us re-examine
the class C operation cycle and see
what occurs. For the negative half-
cycle and part of the positive half-
cycle of grid excitation, the plate cur-
rent is cut off. With no plate current
flowing, obviously, there is no power
lost in the tube. For the short time that
plate current does flow, its average

value is very high; nevertheless, this
high current is flowing through the tube
when the grid has a high positive po-
tential and the tube resistance is very
low. This means the power lost in heat-
ing the tube even during the high cur-
rent, pulse is relatively low. The aver-
age efficiency of a class C amplifier
throughout its operating cycle, there-
fore, is extremely high. It is not uncom-
mon in practice to find efficiencies be-
tween 70% and 80%.

APPLICATIONS OF
CLASS C AMPLIFIERS

So far we have seen that class C op-
eration is obtained when an r.f. ampli-
fier tube is biased to approximately
twice the plate current cut-off value
and the excitation voltage is sufficiently
great to carry the peak of the plate
current pulse into the saturation re-
gion. Referring to Fig. 25 once more,
we see that since the grid excitation is
not limited to the straight-line section
of the characteristic curve, it is ob-
vious that such operation does not give
linear performance.

This is not a serious limitation, how-
ever, and because they give higher effi-
ciencies than any other type of ampli-
fier, class C stages are used in almost
every transmitter where the available
excitation power 1s kept at a constant
level. Thus, the low power from a
quartz-crystal-controlled master oscil-
lator may be stepped up to higher and
higher powers by several class C stages
in cascade. Such amplifiers used in this
way accomplish two purposes: they not
only increase power, but they also ef-
fectively isolate the master oscillator
from severe load changes which might
change its frequency. These amplifiers,
therefore, are sometimes called “buff-
er” amplifiers.

Because of their high efficiency, class
C amplifiers are used as the r.f. ampli-

mitters, and are used in radiotelephone
transmitters as the r.f. amplifiers up
to the point of modulation.

» The very fact that the class C am-
plifier is not linear also makes it use-
ful as a so-called “frequency multi-
plier.” Because its irregular plate cur-
rent pulses contain many harmonic
frequencies ordinarily erased by the
tank ecircuit flywheel effect, we find
that if we use a tank circuit which is
tuned to twice the input frequency,
considerable output power will be de-
veloped at the second harmonic fre-
quency. The amplifier, therefore, per-
forms as a frequency “doubler.” The
efficiency, of course, is somewhat lower
than for “straight-through” operation,
this being ordinarily about 30%.

In a similar manner it is possible to
get frequency “tripling” by tuning the
plate tank circuit to a frequency three
times as great as the input frequency.
The efficiency for this operation drops
to about 10% to 15%.

Despite the lower efficiency, this is
an important service—the frequency
of a crystal oscillator can be multiplied
many times by the use of several
doublers or triplers. In this way a low-
frequency quartz-crystal oscillator—
which cannot be constructed in prac-
tical form for extremely high frequen-
cies—can be made to control quite ac-
curately the frequency of an ultra-
high-frequency transmitter.

Modulated Amplifiers. High effi-
ciency as a buffer amplifier or medium
efficiency as a frequency doubler are
not the only desirable characteristics
of a class C amplifier. Because such an
amplifier is driven to plate-current
saturation, the power output is very
nearly independent of the grid excita-
tion. What is more important, under
these conditions, the peak r.f. output
voltage developed across the load 1s
determined almost entirely by the plate
voltage applied to the tube.
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If, for instance, we should apply sev-
eral different plate voltages to a class
C amplifier and measure the peak r.f.
output voltage obtained in each case,
we would get a curve that is very
nearly a straight line as shown in Fig.
27. Whenever we double the plate volt-

PEAK OUTPUT
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FIG. 27. A typical curve showing how the r.f.
output voltage of a class C amplifier varies al-
most linearly with the applied plate voltage.

age, we double the output voltage, and
when the plate voltage is halved, the
output correspondingly drops to a one-
half value.

From this we can see that if we vary
its plate voltage at an audio-frequency
rate, the r.f. output voltage of a class
C amplifier will vary in like manner,
and we will obtain a modulated wave.
Modulation accomplished in this man-
ner is called “plate modulation.”

A typical plate modulation circuit
is shown in Fig. 28. Here we have the
class C modulated amplifier VT, be-

CLASS C
MODULATED AMPLIFIER

ing fed a steady, non-varying excita-
tion voltage from its driver stage. This
is indicated by the wave form above
the tuned grid circuit.

The plate voltage, however, is not
constant. By means of the modulation
transformer, relatively high audio-fre-
quency voltages from the modulator
amplifier VT, are superimposed upon
the power supply voltage applied to
the class C tube. The effective plate
voltage on the r.f. amplifier, therefore,
varies above and below the fixed power
supply voltage, the instantaneous
values depending upon the audio-fre-
quency voltages coming from the
modulator. If the peak audio-fre-
quency voltages are just sufficient to
double the effective plate voltage at
one instant and reduce it to zero the
next, then the r.f. output will be modu-
lated 100% as indicated.

Of course, the modulator voltage
must not be too great, or overmodu-
lation will occur, and serious distor-
tion will result.

A modulated r.f. wave has definite
side-band frequencies besides the main
carrier, and for 100% modulation, the
additional energy in these side bands
represents an output power increase
of 50%. Now it so happens that a class
C modulated amplifier when operat-
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FIG. 28. A typical method of plate-modulating a class C amplifier. Audio-frequency voltage from
the modulator is superimposed upon the power supply voltage applied to the modulated stage.
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ing properly draws a constant plate
current which does not change be-
tween zero and full 100% modulation
conditions. Then where does this extra
power come from? We find that this
extra side-band power is supplied by
the modulator. In other words, for
100% modulation "possibilities, the
modulator tube VT, in Fig. 28 must
have an audio-frequency output-power
capacity which is equal to at least
one-half the d.c. power fed to the class
C amplifier plate.

Stabilizing Class C Amplifiers.
The operation of a triode amplifier in
class C (and for that matter in class
B) does not exclude the possibility
that enough energy will be fed from
plate to grid through the interelec-
trode capacity to make the amplifier
burst into self-oscillation. If this hap-
pens to a class C buffer or modulated
amplifier stage, its efficiency drops
very drastically. Worst of all, this
self-oscillation may not be at the same
frequency as that of the transmitter
master oscillator. The transmitter,
therefore, may cause serious interfer-
ence with other services. Obviously,
this must be avoided.

In general, the principles of neu-
tralizing transmitter buffer or modu-
lated amplifiers are exactly the same
as those for receiver amplifiers. One
common circuit is that shown in Fig.
29A. Since the neutralizing voltage fed
to the grid through the neutralizing
condenser Cy is obtained from a sec-
tion of the plate resonant circuit, this
is ordinarily called “plate” neutraliza-
tion.

When a tuned tank also is used in
the amplifier grid circuit, the “grid”
neutralizing arrangement of Fig. 29B
is sometimes used. This is so named
because the proper phase shift for the
neutralizing current is obtained by us-
ing a section of the tuned grid circuit.

Both of the neutralizing systems in

Fig. 29 work satisfactorily because
they make it possible to feed through
the grid circuit a neutralizing current
which is equal to, but 180° out of
phase with that stray current normal-
ly flowing through the plate-grid ca-
pacity of the tube. When properly neu-
tralized, the total energy fed from plate
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FIG. 29. Two common methods of neutralizing

a transmitter r.f. Amplifier. At left, a plate

neutralizing circuit, at right a grid neutralizing
arrangement.

to grid is reduced to a minimum, and
self-oscillation cannot occur.

Use of Screen-Grid Tubes. In re-
ceivers, we found that amplifiers us-
ing screen-grid tubes do not require
neutralization, because the inherent
grid-plate capacity is so low that suffi-
cient feedback for oscillation is not ob-
tained. Can screen-grid tubes be used
in transmitters? Indeed they can, and
for low-power class C buffer stages, the
lack of neutralization requirements
makes them extremely convenient.

Transmitting screen-grid tubes
however, have some disadvantages
Since they usually are not made with
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suppressor grids, secondary emission
effects with consequent reduced effi-
ciency will set in if they are driven so
hard that the plate voltage drops below
the screen-grid voltage for any part of
the excitation cycle. Secondary emis-
sion, therefore, limits somewhat the
amount of r.f. output voltage that can
be obtained from a sereen-grid ampli-
fier.

In addition, if a screen-grid tube is
used as a modulated class C amplifier,
it will be found that complete 100%
modulation without distortion cannot
be obtained unless the screen-grid volt-
age, as well as that of the plate, is

varied by the audio modulator equip-
ment. This requirement adds to the
complexity of the transmitter and
makes correct adjustment more diffi-
cult.

Also, for extremely high power ap-
plications, particularly where water-
cooled types are desirable, screen-grid
tubes are not available.

For these various reasons we find
that screen-grid tubes are not used or-
dinarily except for low-power buffer
amplifiers. Almost all high-power am-
plifiers—and especially class C modu-
lated stages — employ triode tubes,
which, of course, must be neutralized.

Class C Stages and Their Adjustment

Up to now we have considered in-
dividual class C stages only. How do
we connect a number of these in cas-
cade to build up higher and higher
power in progressive steps?

Methods of Coupling. Almost any
of the coupling methods used for r.f.
amplifiers in receivers can be applied
to transmitter amplifiers. Some of the
more common forms are shown in Fig.
30.

In Fig. 30A we have a form of im-
pedance coupling between a screen-
grid buffer amplifier VT, and a neu-
tralized triode amplifier VT,. By means
of a variable tap on the driver tank
L;-C,, proper excitation voltage can
be supplied through the coupling con-
denser Cg to the triode grid. The radio-
frequency choke RFC serves as a low-
resistance path for rectified grid cur-
rent, and at the same time prevents ap-
preciable signal current from flowing
through the C-bias supply. As indi-
cated, the two stages usually are elec-
trostatically shielded from each other
so that stray coupling currents will not
prevent proper neutralization of the
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final stage. Since all excitation current
flows through the coupling condenser
Ce, this arrangement sometimes is
called “capacitive” coupling.

In Fig. 30B is shown a common form
of inductive coupling. This is really an
r.f. transformer in which the tuned pri-
mary is the driver tank circuit L;-Cy,
and the secondary is the pick-up coil
L. By varying the separation between
the coils, and hence changing their mu-
tual inductance, we can vary the ex-
citation to the driven stage over wide
limits.

In some cases, a second tuning con-
denser is placed in shunt across the
pick-up coil Ly, thus making a double-
tuned transformer.

Still another method called “link
coupling” is illustrated in Fig. 30C. In
this case we have two tuned circuits:
one, the driver plate tank circuit L;-C;,
and two, the grid tank L,-C, for the
input of the stage being driven. Cou-
pled inductively to each of these are
small coils of two or three turns which
are connected in series by a relatively
long twisted-pair line. The “link” ecir-

cuit, thereforé, is o very low-impedance
transmission line. Iixeitation to the
driven stage is easily adjusted by vary-
ing the position of one or both link
coils.

Link coupling sometimes 1s con-
venient, because the two stages may be
separated by several feet without re-
sulting in excessive link losses. This in-
creased separation makes shielding be-
tween the stages relatively easy, since
stray coupling is reduced to a mini-
mum.

Such coupling, however, does have
some disadvantages. It is sometimes
difficult to get adequate driving power
by this means. The extra tuning con-
trol needed for the grid input tank cir-
cuit also may make it undesirable.

SHUNT AND SERIES FEED

Looking again at Figs. 30A and 30B,

vou will notice that the plate current

CLASS C DRIVER

to the driver tube in each case ﬂo“{s
through the resonant tank circuit. T!ns
is commonly called “series feed.” With
such an arrangement, the entire tank
cireuit is at the same d.c. potential as
the high voltage B supply, and both the
coil and the condenser must be insu-
lated adequately from ground. This
may be inconvenient.

An alternate method of feeding plate
current is used in Fig. 30C. Here the
plate current flows directly to thg tul:ge
through the r.f. choke RFC, which is
shunted across the tank circuit. The
r.f. output current, however, still flows
into the tank circuit L;-C; through the
d.c. blocking condenser C,. This cou-
pling method is called “shunt feed” be-
cause the d.c. supply is fed to the plate
through the parallel choke. With this
scheme, the tank circuit can be
grounded.

Nevertheless, there is a disadvantage

CLASS C AMPLIFIER

+8

FIG. 30. Three common methods of coupling transmitter r.f. amplifiers: At A, capacitive or im-
pedance coupling; at B, variable inductive coupling; at C, the use ?.{ a low-impedance transmission
line—ordinarily called "link coupling.
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to shunt feed. Since the r.f, choke RFC
in Fig. 30C is attached directly to the
“hot” plate, considerable energy may
be lost unless this choke has adequate
inductance and relatively low losses.
In contrast, the r.f. chokes used in Fig.
30A are attached at points very nearly
at r.f. ground potential, and they serve
merely to prevent excessive r.f. cur-
rents from flowing through the power
supply.

In general, either shunt or series feed
can be used with any form of coupling.
The choice usually is one of whether it
is more convenient to insulate the
driver tank circuit for series feed or to
provide a low-loss, high-inductance
r.f. choke for shunt feed.

(' OBTAINING GRID BIAS >

R\eTé‘rTing*btrFigs.'MHd 30B once
more, we see that terminals are pro-
vided for C-bias connection. This in-
dicates the negative C-bias voltage is
supplied by some external power-sup-
ply source. The use of special C-bias
power supplies is probably the most
efficient and most “fool-proof”” method
of obtaining the necessary twice-cut-
off (or more) value of grid bias for
class C operation.

In Fig. 30C, however, no C-bias con-
nection is indicated. Instead, we see a
grid resistor R; which is properly by-
passed for r.f. currents by the condenser
Cs, inserted between the grid return
and ground. Since the class C amplifier
draws considerable grid current when
properly excited, the flow of current
through the resistor will develop a volt-
age drop which acts as bias for the

tube. (The bias voltage will be the grid—
current multiplied by the value of Ry

E\L_E_T_____]:Iiezgmi leak resistance.) If the driver
oufput i1s adequate, and the resistor R,
is of the proper value, the twice cut-
off bias can be obtained in this way.

For this arrangement, the tube being
driven is said to be “self-biased.”

32

STEAM POWERED RADIO.COM

Self-bias, of course, can be used with

almost any type of coupling circuit.
The grid current flowing through the
grid resistor, however, represents a loss
of power which must be supplied by
the driving stage. For this reason, self-
biased amplifiers usually require
slightly more driver power than those
using external bias supplies.
» There is one danger associated with
self-bias methods. If for any reason
the excitation to the self-biased stage
should fail, then grid current will cease,
and the bias voltage will drop to zero.
With zero grid bias, the plate current
then may rise to such a high value that
the tube will be destroyed. To prevent
this, it is customary to insert an addi-
tional resistor in the cathode circuit of
the self-biased amplifier. This is indi-
cated as R, in Fig. 30C. The condenser
C, is merely an r.f, by-pass condenser.
This cathode resistor is of such value
that it gives little effective bias for nor-
mal plate current, but for excessive
plate current, such as that resulting
from excitation failure, the bias volt-
age developed across it is sufficient to
prevent damage to the tube.

NEUTRALIZING PROCEDURE

The first step taken in adjusting a
class C amplifier is to determine if the
stage has been properly neutralized.
With screen-grid amplifiers, of course,
this is not necessary, but for stages us-
ing triode tubes, it is imperative that
neutralization be complete before plate
voltage is applied to the tube.

Suppose we are considering a class
C amplifier such as VT, in Fig. 30A.
One of the simplest tests for neutral-
ization is made by applying excitation
to the tube grid with the filament
lighted, the grid bias applied, but the
plate voltage removed. Grid current
then will be indicated on milliammeter
MA,, but the plate current through
MA; will be zero.

Without plate voltage, the grid-cir-
cuit current should be unaffected by
any changes in plate-circuit tuning if
the stage is perfectly neutralized. Thus,
with proper neutralization, the current
reading on MA, should not vary from
a fixed value for any setting whatso-
ever of the plate tank condenser C,.

On the other hand, if tuning the plate
tank through resonance produces a
pronounced dip in the grid current
through MA,, this indicates some en-
ergy is feeding directly through the
grid-plate capacity of the inoperative
amplifier, and the stage, of course, is
not neutralized.

To neutralize the amplifier properly,

it is necessary to employ some form of
neutralizing indicator which will give
a measure of the stray r.f. current flow-
ing into the plate circuit. If the driver
stage VT, in Fig. 30A delivers 5 watts
or more of power, such an indicator
may be a simple loop of wire connected
to a small flashlight lamp or to a
thermogalvanometer. For very weak
driver power, a more sensitive indica-
tor is made by connecting a 10-to-15
turn coil to a diode rectifier and d.c.
milliammeter as shown in Fig. 31.
» The first step in neutralizing is to
remove the plate voltage, this is neces-
sary for two reasons: (1,/so that the
tube won’t amplify (then the only sig-
nal passed to the plate circuit is that
over the undesired path); and|2/ so
that the stage won’t uncontrollabI¥ os-
cillate and perhaps ruin the tube. Then,
with grid bias and excitation applied
to VT, in Fig. 30A but the plate volt-
age still zero, the neutralizing capacity
Cy is next set at its minimum capacity.
The neutralizing indicator next is cou-
pled closely to the plate coil Lo, and
the tank condenser C, is adjusted for
plate-circuit resonance, which will be
indicated by the flashlight lamp glow-
ing brightly, or by a maximum reading
of the indicator meter.

The neutralizing condenser Cy next
is increased in capacity quite slowly
until the lamp dims and goes out or the
indicator reading drops to a minimum.
If the neutralizing condenser is in-
creased in capacity still more, another
point will be found at which the lamp
lights up again or the indicating meter
reading rises once more. The proper
neutralizing point, therefore, has been
passed, and the neutralizing condenser
should be reduced in capacity again
and set midway between the two points

TYPE 30
/ TUBE
10 TO 15 TURN, N\
2" DIAMETER
PICKUP COIL
1.5 VOLTS

(NO.6 DRY CELL)

0= MA’
METER

FIG. 31. A half-wave rectifier connected to a

d.c. milliammeter and pick-up coil in the man-

ner shown here can be used as a neutralizing

indicator. A 1.5 volt (No. &) dry cell is the
only battery needed.

at which a minimum r.f. current has
been indicated.

At this time it is advisable to vary
the tuning of the tank condenser C, to
see if some slight re-adjustment will
again result in an indication on the
neutralizing indicator. If so, repeat the
neutralizing procedure.

For complete neutralization, the in-
dicator will not light or give a meter
reading for any setting of the plate
tank condenser Cs; also, as mentioned
before, the grid current through MA,
should not vary as the plate circuit is
tuned through resonance.

TUNING PROCEDURE

There are two forms of adjustment
necessary for class C amplifiers. The
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first is a major tuning, such as may be
necessary when a transmitter is first
installed, or when its operating fre-
quency is changed. The other is the
normal day-to-day check-up and re-
tuning. Let’s take the major tuning
steps as our first example of how this
would be done.

All class C amplifiers are tuned in
the same manner, whether the stage is
one of low power or high power. This
is a very important adjustment, be-
cause the power output from the stage
depends upon the accuracy of the tun-
ing adjustment,

Before a class C stage can be ad-
justed, it must have its normal input
signal from a preceding stage (or from
an oscillator). The input signal must
not only be of the proper frequency,
but also it must be exactly the amount,
required for most efficient operation of
the class C stage. The amount of in-
put signal determines the grid current,
so the stage must be adjusted for nor-
mal grid current.

Let’s suppose we have the two stages
shown in Fig. 30A to adjust, and that
a crystal oscillator feeds into the tube
VT,. The first step in the tuning ad-
justment would be to adjust the cou-
pling to the crystal oscillator until the
grid meter MA;, in the grid circuit of
VT, indicates normal grid current for
this tube. Of course, the tube filaments
are turned on. If VT, is a high-power
tube, it would be standard practice to
make this adjustment with no plate
voltage applied.

When the tube grid is properly ex-
cited, a low plate voltage is applied to
this stage only, not to VT, as yet. Then,
C; is adjusted to resonance. With a
triode tube, this resonance would be
indicated by a dip n the
plate current. However, the plate cur-
rent of a screen-grid tube is not so de-
pendent on plate voltage, so MA, is not
an accurate indication of resonance.

Instead, refer to the grid meter MA,
in the grid circuit of VT,. The adjust-
ing procedure is to set C; at the posi-
tion which makes MA, read the maxi-
mum. If the reading on MA, becomes
greater than the grid current should be
for tube VT, then the plate voltage is
removed, and the tap on coil L, is ad-
justed to a lower position. This changes
the tuning of Cj, so it is again re-ag-
justed toward a maximum reading on
MA.. These steps are repeated; con-
denser C; is adjusted, and the tap on
L, is moved until meter MA, comes up
to read a maximum value that is also
the recommended grid current for tube
VT,.

If the C; adjustment was made at a
reduced plate voltage on VT, the plate
voltage on this tube is now raised to
the normal value, and C; is finally re-
adjusted. Again, however, if the read-
ing on MA, tends to exceed the nor-
mal grid current for VT, the tap on I,
must be re-adjusted. Of course, if MA,
does not reach a maximum which is at
the recommended value for VT,, then
the tap on L; must be moved to give
greater excitation.

When C; is finally adjusted at full
plate voltage, we will have normal ex-
citation for the grid of tube VT5. How-
ever, before it will be possible to ad-
just the tank circuit L,-Cs,, it is neces-
sary that VT, be neutralized, in the
manner described earlier.

At the end of the neutralization pro-
cedure, VT, will have its filament on
and normal grid excitation. It will be
neutralized, and C, will be adjusted
approximately to resonance. In this
case, it will be safe to apply a low plate
voltage. Transmitter power supplies
are arranged so that plate voltages of
approximately one-quarter to one-half
normal operating voltages are avail-
able for tuning adjustment purposes.
This reduced plate voltage is necessary,
because otherwise, if the plate tank is

far from resonance, it is possible for
the tube to be ruined. The impedance
of an off-resonance tank circuit is very
low, so a large plate current can flow.

Continuing our adjustment of VT,,
the coupling between L. and Ls is re-
duced so that very little energy is fed
into Ls. Then, with a reduced plate
voltage supplied, C, is adjusted for
resonance, as indicated by a minimum
plate current reading on meter MAj.
With no load—with L loosely coupled

PLATE CURRENT —»—

adjustment is still toward the least
reading on MAj. Now, it is safe to step
up the plate voltage on this tube some-
what. When this is done, C. is again
re-adjusted for a minimum plate cur-
rent reading, and finally, full plate
voltage is applied to this stage. After
another adjustment of C., the coupling
between L. and Lj is increased until
the current meter MA, reads the re-
quired value. Be careful not to increase
the coupling between L, and Lj too

“\LOADED TANK

" UNLOADED TANK

TUNING CAPACITY ———»

FIG. 32. When a class C amplifier is not de-
livering power to a load, the plate current dips
very sharply as the tank condenser is tuned
through resonance. When the amplifier is load-
ed, the tuning becomes broad, and the plate
current dip is much less pronounced.

to Lo—this minimum point will be very
sharp, much like the solid curve in
Fig. 32.

The next step is one of increasing the
coupling between L. and Lj so as to
load the tuning circuit. This will prob-
ably mean a slight re-adjustment of
C. is necessary to get a minimum read-
ing on meter MA;. However, as you in-
crease the load on the tuned circuit,
more power is fed into the load circuit,
and it in turn acts to insert a resistance
in the tank circuit, so the effective Q
is reduced considerably. Therefore, the
tank circuit impedance drops, and the
minimum plate current point becomes
broader and less pronounced. The
dotted line in Fig. 32 shows how the
plate current reading on MAj3 will vary
with tuning when the tank circuit is
fully loaded. However, the process of

much, otherwise even the minimum
plate current reading on MA; may be
higher than the rated current value for
this tube.

» When everything has been adjusted
properly, the proper r.f. current will be
delivered to the load circuit while the
meters in the plate and grid circuits
will indicate normal currents.

This completes the basic original
tune-up procedure. However, from day
to day, all the meter readings are
checked and compared with the nor-
mal values. If any of the meter read-
ings have changed, then the circuits
may need re-adjusting. For example,
the reading on meter MA; may drop,
indicating less output from VTs,. If the
tube is still good and normal supply
voltages are applied, this may mean
that the excitation at the grid of VT,
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is below normal. This would be indi-
cated by a below-normal reading on
MA,. Therefore, tube VT; may need
to have its tank circuit re-adjusted for
the normal reading of MA,. If the cir-
cuit is only slightly out of adjustment,
it is possible to make this adjustment
with full applied voltage. However,
when dealing with very high-power
equipment, it is still standard practice

to drop the plate voltage to about two-
thirds, even when making these minor
adjustments, until you are very close
to the proper resonance point.

P The foregoing details of neutraliza-
tion and adjustments are intended to
give you only a general idea of what
is done to these stages. You will learn
much more about this in later Lessons
dealing with transmitter adjustments.
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Lesson Questions

Be sure to number your Answer Sheet 17RC.

Place your Student Number on every Answer Sheet.

Most students want to know their grade as soon as possible, so they mail
their set of answers immediately. Others, knowing they will finish the next
Lesson within a few days, send in two sets of answers at a time. Either
practice is acceptable to us. However, don’t hold your answers too long:
you may lose them. Don’t hold answers to send in more than two sets at a

time or you may run out of Lessons before new ones can reach you.

1. An L-C circuit is being used that has a very low Q. Will the pass band be:
1, narrow; 2, of medium width; or 3, very broad? &

2. Why does a screen-grid tube normally require no neutralization when -
used as a radio-frequency amplifier? smiivim.zivq saTerlocdiode ey

3. If a triode tube has an amplification factor of 25, and 1250 volts is
applied to the plate, what is the approximate cut-ofi bias? /= 5

:, - P &
4. What is meant by the “flywheel effect” of a tank circuit?

What class of amplifier should be employed in the final amplifier stage
of a radiotelegraph transmitter for maximum plate efficiency? -

_CJI

6. Draw a simple diagram of an r.f. amplifier stage, illustrating the “shunt
feed” method of applying plate voltage. Fis 30 <

7. In a self-biased r.f. amplifier stage having a plate voltage of 1250, a plate
current of 150 ma., a grid current of 15 ma., and a grid leak resistance
of 4000 ohms, what is the value of the operating grid bias? % . &2 [xR

8. If, upon tuning the plate circuit of a triode r.f. amplifier, the grid current
varies, what defect is indicated?

9. Why is it necessary or advisable to remove the plate voltage from the

- v ¥ by LR | how mach au der- 219
tube being neutralized? © s beiky possrd

prtuw’f o€

10. In adjusting the plate tank circuit of a class C operated triode r.f. amplifier,
is resonance indicated by: minimum plate current; or by mazximum plate
current? i

Be sure to fill out a Lesson Label and send it along with your answers.
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ACHIEVEMENT BRINGS
SATISFACTION

From my own experience, I know that the greatest
satisfaction comes from doing a difficult job well—
from mastering a tough new subject, locating a par-
ticularly elusive trouble in a receiver, or gelting a
broadcast transmitter back on the air a short time
after a breakdown occurs.

The more difficult. the achievement, the greater is
the satisfaction we feel. In the words of the French
writer Moliere, “The greater the obstacle, the more
glory we have in overcoming it.”

Each achievement gives us the confidence 10 tackle
still larger jobs and overcome greater obstacles. For
instance, if this particular Lesson is harder for you to
understand than previous Lessons, but you stick with
it until you’ve mastered the important facts, you’ll
feel pretty good about completing it and you’ll start
the next Lesson with real confidence in your own
ability.

My greatest satisfaction today comes from teaching

others how to achieve success, so vour achievements
mean a lot to me.
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