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The Habit of Forming New Habits.

- There is such a thing as getting in the

way of making and breaking habits
at will. Happy is the man who can do
this. It requires wonderful control
to be able to say to some strong habit,

“Now cease, be still for a while,” or
to call into play some new habit on a

_short notice. This can be done. It is

nothing to be amazed at. All you
need to do is to practice the art for a
while. Try breaking off an old habit
and forming a new one occasionally
just to show yourself that you can.
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Complete Course in Practical Radio
NATIONAL RADIO INSTITUTE, WASHINGTON, D. C.

RADIO FREQUENCY AMPLIFICATION

As you have learned at an earlier stage in this course in
practical radio, there are several main parts to a radio receiver.
These main parts are (1) the radio frequency amplifier, (2) the
detector, (3) the audio frequency amplifier, and (4) the repro-
ducer. In this lesson we are concerned with the radio frequency
amplifier only. The general arrangement of these various parts ‘\f
in a radio receiver is shown in figure 1. The radio frequency /
amplifier strengthens the signals before they reach the detector,
the latter changes them so that they are put into a condition to
be heard.

Antenna Loud
Speoker

Rodio [ | Auvdio
Tuner Frequepcy perector frequency
- /7/71/0//7(/5/' | || Amplifier

Grournd

Fig. 1—General arrangement of parts in a Radio Receiver.

The radio frequency oscillations, as the term implies, have a
frequency extremely high. They could by no means operate a
loud-speaker, or, even if they could, the human ear could not
respond to them. So it is the duty of the detector to modify
them; we say the detector rectifies them; and in the output
circuit of the detector we have such a kind of current flowing
that can operate a loud-speaker.

Now, unfortunately the detector acts poorest when we need
it most. The response of a detector to a signal is strong on a
strong signal and weak on a weak signal. That is to say, the
response of a detector varies as the square of the signal voltage
applied to its input. For the sake of example, suppose we impress
on the input of the detector a signal whose strength is 2. Then
suppose we double the signal to 4. The response of the detector
(that is, its alternating plate current) will then not be doubled
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but quadrupled, that is, increased four times. Suppose we double
the signal again, or make it 8 times as strong as it originally was.
The response will then be increased 64 times.

Or, if we look at the thing the other way, if the signal is cut
- in half, the response is cut in quarter; if the signal is cut to 13
its original strength then the response is cut to 1/64th of its
original value. So you see, that in order to get as much as pos-
sible out of the detector, it is necessary to amplify the signals
before they reach the detector; this places a much larger signal
voltage at the input of the detector than would be there if we
had no radio frequency amplifier.

The great advantage of using a radio frequency amplifier
before the detector can be easily understood when we consider
the output of the detector. The sensitivity of a radio receiver
depends mainly upon the voltage which comes to the detector
input, for there is a certain limit to the amount of audio fre-
quency amplification which we can place after the detector. Sup-
pose we add one stage of radio frequency amplification preceding
the detector, and this stage amplifies the radio frequency signal
voltage four times. Then on account of the square law of the
detector, the over-all sensitivity of the receiver is increased
16 times! Or, if we add two stages, having an amplification of
4 each, then the total sensitivity of the receiver is increased
(16x16) or 256 times! With such remarkable gains in sensitivity
obtained when we add radio frequency amplification to a receiver,
there is hardly any need of further explaining why it is used in
all the up-to-date receivers.

Of course, as we hinted before, it might be possible to in-
crease the amplification by using more stages of audio frequency
amplification, but also as we have saifl before, it is not generally
advisable to use more than two or three stages of transformer
coupled A. F. amplification or three stages of impedance coupled
amplification. The reason for this is that when such a great
amount of A. F. amplification is used it is difficult to keep the
system in a stable condition. Howling or audio frequency oseil-
lations are generally set up, and is very difficult to control. It is
much easier to add an extra stage of R. F. amplification, and
when we do this we have the added advantage of increasing the
selectivity of the receiver. Every stage of R. F. amplification
added means another tuning circuit added to the receiver, and the
more tuned circuits the more selective the receiver becomes. So,
viewed from every angle the addition of R. F. stages to a receiver
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is a very good thing to do. There is one other feature which
we must not omit, however, before we go further, and that is,
with one exception, the addition of R. F. amplification to a re-
ceiver does not introduce additional distortion in the signals, as
would the addition of more A. F. stages. The exception which we
mentioned is where regeneration is used. Regeneration may spoil
the quality of reproduction; we shall learn more about regenera-
tion later on in this lesson.

Now we must begin discussing the radio frequency amplifier
in detail. There are many different circuits for the radio fre-
quency amplifier, but as you have learned before, all these cir-
cuits are based on the same fundamental circuit of the electron

Grid Ty
Atament| || pipte
ya é’ A\
~ e
9E == B = (e
S Tle 7 5 avs
)
o o
Fig. 2. Fieg. 2-A.

tube. There is a tuned input to the tube, and the output of the
tube may be tuned or untuned, according to how and where in
the circuit it is employed. Look at figure 1. This shows the
location of the radio frequency amplifier in the receiver, and in
figure 2 we have one stage of this amplifier shown in detail. For
the purpose of simplicity we have omitted the various batteries,
but you must remember that there is always a “B’ battery supply
connected to the plate of the tube, and there is always an “A”
battery required to light up the filament of the tube. There are
various ways of connecting these batteries, however, which we
will discuss later on.

In figure 2 the signal voltage is impressed upon the R. F.
stage at the left. It passes into the tuned circuit which includes
the coil L. and the condenser C; this tuning circuit allows us to
tune the system to the frequency of the signal voltage, or to sepa-
rate the particular signal we want to listen to from other signals
which have different frequencies or different wavelengths.

3
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Now, before we go any further, I want you to get into your
head one thing—and be sure that you never forget it. This thing
is a source of constant trouble to most students, and it is for
that reason that we want you to be sure to get the idea right.
It is—the secondary circuit, that is the tuned circuit, is NOT A
PARALLEL circuit, it IS A SERIES circuit. You are, no doubt,
surprised to hear this, for it is easy to see that the circuit looks
as if the condenser C and the coil are connected in parallel
across the grid ana filament of the tube. But this is only the
looks of the things. You must remember things are not always
as they seem.

Let us see why it is a series circuit and not a parallel circuit.
In the first place, you must realize that the voltage in the
secondary coil is induced in it by the current in the primary input
circuit. A magnetiz field established by the current in the pri-
mary links the turns of the secondary winding and creates in the
latter a similar alternating voltage. Now, whenever a voltage
is INDUCED in a coil, it is always considered as in series with
that coil. For this reason then the secondary circuit of figure 2
can be pictured as in figure 2A, where the voltage induced in the
secondary is represented by the alternating current generator g.
Then g, L and C are all in series, and we take the voltage across
the terminals of the condenser, to operate the electron tube T.

The circuit shown in figure 2 is the one which is used in
almost all radio frequency amplifiers. The way in which two
tubes are joined together by means of this R. F. transformer, or
resonance transformer as it is more properly called, is shown in
figure 3; the batteries have again been omitted for simplicity. In
studying the diagrams of radio frequency amplifiers, it must
never be forgotten that the main circuits to consider are those
which carry the radio frequency currents. For this reason it is
more or less immaterial in what way the batteries are connected
to the circuit, just so we keep the radio frequency circuits com-
plete. Of course there are other things which we shall consider
one by one as we come to them, but for the present the R. F. cir-
cuits are the main things.

It is on account of this that we have so far in this lesson
omitted the batteries. We shall now consider the various ways
in which the batteries are or may be connected to radio frequency
amplifier circuits. Let us consider the “B” batteries first.
In the first place what we require wherever we use an electron
tube is that the plate be at a rather high positive potential com-
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pared with the filament, or rather, compared with the point of
the filament to which the input circuit is connected. In figure
3 this point is “a.” It is called the grid return connection, be-
cause, going over the input circuit starting at the grid, we leave
the tube at the grid, pass around through the tuned circuit, and
return to the tube at the point “a.”

Now, we have said that what we require is that the plate
be at a high positive potential compared with this point called
the grid return point. How we obtain this condition of affairs
is not so extremely important. You will see what we mean in a
moment. Look at figure 4. In that illustration we have shown
two radio frequency amplifier tubes, and these R. F. amplifiers are
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Fig. 3.

exactly the same in every respect as regards the circuits which
carry the radio frequency currents. They differ only in the
way in which we apply the potentials to the plates of the tubes;
that is, in the way in which we connect the ‘“B” batteries to the
circuits.

In figure 4 (A), for instance, we have connected the “B’” bat-
teries in series with the coil in the plate circuit, and we have con-
nected a by-pass condenser across the battery. This by-pass con-
denser is fairly large, having a capacity of perhaps 0.006 micro-
farad or larger, so that the reactance or opposition it offers to
the radio frequency currents in the plate circuit is very small. In
fact, it is in most cases small enough to neglect. The radio
frequency currents therefore pass around the plate circuit
through the coil L and the condenser C, but do not pass through
the “B” battery.

Now, in the circuit of figure 4(B) we have the “B” battery
connected in series with a radio frequency choke coil marked Z,

5
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and the two connected directly to the plate and filament of the
tube. The radio frequency choke coil offers very large reactance,
or opposition, to the radio frequency currents which flow in the
plate circuit of the tube, so that no radio frequency currents can
flow through it or through the “B” battery. - They travel through
the coil L in the plate circuit.

So you see, as far as the radio frequency currents are con-
cerned, the two circuits are exactly alike. In 4(A) the by-pass
condenser C is connected across the “B” battery for by-passing
the radio frequency currents, and in 4(B) the choke coil prevents
the flow of radio frequency currents through the “B” battery.
But in both cases the circuits of the R. F. currents are the same,

LT ¢ L Z
e e
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F o
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and also in both circuits we get the positive potential of the “B”
battery on the plate of the tube, and the negative on the filament.
You will note, however, that we have placed a condenser C in
series with the coil L, in figure 4(B). If this condenser were not
here, as far as the direct current coming from the “B” battery is
concerned, the “B” battery would be short-circuited, and would
be ruined. Therefore this blocking condenser C is required.

In order to show you how all this works out in a regular
circuit, we have drawn the two circuits of a two-stage radio fre-
quency amplifier in figure 5. Figure 5(A) uses the method em-
ployed in figure 4(A), and figure 5(B) uses that employed in
figure 4(B). The first method is called the series connection and
the second is called the shunt connection. It is clear why we use
these names; in the first method we connect the “B” battery in

6
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series with the load (or coil) in the plate circuit, and in the
second method we connect it in parallel with the load. Where it
is in series figure 5(A) we must use a by-pass condenser. A by-
pass condenser has been drawn in each stage; they are marked
C1 and C2. But you must note that these two condensers, drawn
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Fiz. 5.

in broken lines, are in parallel with each other; they are both
connected across the B4~ and B— terminals. Therefore it is not
necessary to use both; we can use one by-pass condenser, C3,
making it a little larger than we would if we used two separate
condensers.

In figure 5(B) we have the shunt connection of the “B” bat-
tery circuit. In each stage we have to use a blocking condenser
and a radio frequency choke coil. Which of the two methods you
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use in designing a set depends on the conditions in the receiver,
and the amount of money you want to spend. The shunt con-
nection is probably more expensive than the series connection,
but it has advantages which we will learn of later on. One of
these advantages is that the blocking condensers need not be
large, rarely being greater in capacity than about 0.0005 micro-
farad, whereas in the series connections the by-pass condenser
must be rather large; in practice this condenser may range any-
where from about 0.006 to 1 microfarad.

Now, as regards the connections of the “A” battery, the way
in which it is connected depends upon the receiver. Generally
the negative terminal of the “A” battery is connected to the
grid-return, and the resistance which controls the filament cur-

’f. Iy
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rent is also placed in this line from the “A’ battery. The idea
is illustrated in figure 6. The resistance r is the filament control
resistance, or rheostat, and the grid-return is connected to the
point a. The negative pole of the “A” battery is connected to the
grid-return at a. The reason for this is that when we do this we
have the grid G at a negative potential with respect to the fila-
ment F. That is, considering only the direct voltage which we
get from the “A” battery, you will notice that the grid is con-
nected directly to the minus of the “A” battery. The filament,
however, is not connected directly to it. There is a certain drop
of voltage in the rheostat. If we are using 201A tubes, the drop
in the rheostat will be about 1 volt when we have it adjusted
properly. There will be a negative bias on the grid therefore of
one volt. By making the connections in this manner, the biag
on the grid will keep the plate current low, and will make the
receiver more sensitive. It becomes more sensitive because the
negative bias on the grid prevents grid currents from flowing
so there will be no power loss due to this cause.

8
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There are many ways of varying the bias on the tube as
illustrated in Figures 6, 7, 8. A zero or positive bias is very
seldom used on amplifying tubes because it has a tendency to
cause the tube to oscillate, while a negative bias decreases the
tendency of the tube to oscillate. The amount of bias necessary
to prevent oscillatior will vary depending upon the type of cir-
cuit and tubes used.

In the illustrations given so far we have always shown two
tubes connected together by means of a radio frequency trans-
former, generally known as a resonance transformer. In nearly
all cases at the present time the secondary winding of the
resonance transformer is tuned by means of a variable con-

=< (0 ;QF@
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(4) l f 8/
+ iy

Positive Bias. Fix. 8. Positive Bias.

denser. But it is not necessary to confine ourselves to this type
of coupling. There are other ways of coupling two tubes to-
gether, just as you learned there were many different ways of
coupling together two tubes in an audio frequency amplifier. The
three main types of audio amplifier couplings were transformer,
impedance and resistance couplings. In radio frequency ampli-
fiers we may have the following types of coupling systems:

57\ (a) Resonance transformer, which at present is generally

tuned in the secondary.
(b) Impedance coupling; this is a special type of resonance
transformer coupling, in which the resonance trans-
former takes the form of an autotransformer. Choke
coil coupling also falls in this class.
(c) Resistance coupling, which at present is ‘generally
) limited to wavelengths above 1000 meters.
You must remember that tuning must take place in the
radio frequency amplifier stages and in the detector stage.

9
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We cannot tune the audio frequency amplifier. The detector
stage must be considered as a part of the radio frequency
amplifier, for in all cases of class (a) and in most cases of class
(b) the input of the detector is tuned, while the output is not.
We shall see what this means as we go on.

A resonance transformer consists, as we have seen, of two
windings, a primary and a secondary winding. It does not, as a
rule contain an iron core, but has simply air for the core. The
general circuit of a resonance transformer is shown in figure 9.
At the left we have the input to the transformer circuit, where
a voltage v is marked on the diagram. In the tube circuit this
voltage v is the signal voltage which is developed in the plate
circuit of the tube to which the resonance transformer is con-
nected. In other words, we have a signal voltage applied to the
input of the tube T1. This voltage is amplified in the first tube,
and we have a larger voltage v developed in the plate circuit of
T1. This causes a current to flow in the primary circuit (L1)
of the resonance transformer, and this current induces a current
in the secondary circuit. As the current flows in the secondary it
establishes voltage across the terminals a and b of the condenser
C2, and it is this voltage which operates the second tube T2.

We want the current in the secondary to be as great as
possible, for this will make the voltage input to the second tube
(that is across ab) large, as we will then have quite a lot of
amplification in the system. In order to do this the secondary
circuit is tuned to resonance by adjusting the variable condenser
C2.

As we have said before, generally, only the secondary cir-
cuit is tuned, but there are circuits used occasionally which also
have a condenser C1 in the primary of the resonance transformer
circuit. We shall see why later on. You must note that when
a condenser is placed in the primary circuit it is necessary to use
the shunt feed method of connecting the “B” batteries (see figure
4B) whereas when there is no condenser in the primary you
must use the series method (see figure 4A).

Now, in the circuit of figure 9, the closer we get the pri-
mary and secondary coils, L1, L2, the greater will be the amount
of energy transferred from the primary circuit to the secondary.
Or, what.amounts to the same thing, we should use as great a
primary winding as we ean. A fair example of a resonance
transformer as generally used would be a single layer of wire on
a tube 3 inches in diameter having about 60 turns; the primary
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may be wound on a tube which just slips into the other, and may
have perhaps 10 turns of wire. The wire might be No. 20 B &
S. gauge. Actually these dimensions may not always be used in
any receiver; the number of turns and diameters of the coils
differ considerable from one receiver to another. We only give
these figures to give you an idea of their size.

If we want to increase the coupling between the primary
and the secondary circuits, we may use more turns on the pri-
mary coil or place the primary coil L1 closer to the secondary
coil L2. But there is something which will not permit us to
use any number of turns we choose, but must use a certain
number of turns in each receiver, and this something is called
regeneration. We will learn about this before we finish this
lesson.
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Fig. 9.

In the ordinary circuit, such as we see in figure 10, L1 is
the primary coil of the resonance transformer coupling the two
tubes. As this coil is made larger and larger by increasing the
number of turns of wire, the inductance of the coil increases. At
the same time, as we increase the inductance, the amplification
increases and increases, until finally we reach a point where
we hear a whistle when we try to receive a signal. When this
happens the receiver is no longer acting as a receiver, but is
acting as a low-power transmitter. The electron tube circuits of
the receiver have begun to oscillate.

The oscillations thus established in the receiver interfere
with the incoming signals, which you are trying to receive, and
as a result, instead of hearing the incoming signals, all you hear
is a loud whistle. This is called a heterodyne whistle, and is a
beat note caused by the-interference of the oscillations in the
receiver and the oscillations of the incoming signal.

11
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It is clear that the receiver must not be allowed to oscillate.
For that reason we must keep the number of turns of wire in the
primary so small that oscillations will not occur. This is what
limits the design of the resonance transformer in the ordinary
radio frequency amplifier.

The next question to answer, for we know you will ask it, is
“What causes this increase of amplification, and why do the cir-
cuits oscillate?”” The reason for these things is that the elec-
trodes in the tube form little condensers. As you know, a con-
denser is formed by any two pieces of metal near each other.
In the tube, for instance, we have the grid and the plate; these
two are separated by a small distance. They form a small con-
denser. Likewise the grid and filament form a small condenser,

== (i) . gg.5=2 (i
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and again, the filament and plate form a small condenser. In
other words, looking at figure 11, we have the effect in the tube,
indicated by the condensers drawn with broken lines.

The most important of these small condensers formed by the
electrodes of the tube is the capacity between the grid and the
plate, for this capacity forms a connecting link between the out-
put circuit and the input circuit of the tube. In the ideal tube
there would be no such connecting link between the input and
the output circuits. The alternating signal voltage impressed on
the grid or input of the tube would control the alternating volt-
age of the plate circuit, but there would be no path by which
power from the plate circuit could get back to the grid circuit.

On account of the amplification in the tube there is much
more power in the plate circuit, so that some of this power can be
fed back to the input circuit through the small condenser formed
by the grid and the plate. Now, you remember that the input

12
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circuit, consisting of a coil and tuning condenser, has a certain
amount of resistance, and therefore loses some of the power of
the signal. The energy fed back from the plate circuit to the
input makes up for part of this loss, so that the input circuit
acts as if it were receiving more power from the signal. Con-
sequently the amplification goes up.

Under some conditions the power fed back from the plate
circuit to the input circuit may actually be greater than the
power due to the signal. When this happens the receiver
oscillates and becomes a transmitter instead of a receiver. The
greatest amount of amplification occurs when the power fed back
just about, but not quite, equals the power input to the tube.

B

Fig. 11—Hlustration showing the capacity effect between the elements
in a vacuum tube,
This is called the critical point in the amplification. The whole
process is called regeneration, up to the point where oscillation
begins.

Now it happens that the more inductance we have in the
plate circuit of the tube the greater is the regeneration, or the
tendency to oscillate. When the inductance (that is, of the pri-
mary coil of the resonance transformer) becomes great enough
it is impossible to stop the tube from oscillating except by
special means which we will learn in a little while. Also it is
found that the circuits oscillate more easily when tuned to the
lower wavelengths (higher frequencies) than when tuned to the
longer wavelengths (lower frequencies). As a result, receivers
which employ regeneration to make them sensitive, generally
are more sensitive when tuned to the short wavelengths than
when tuned to the long wavelengths.

These effects occur naturally in all tube circuits unless
special means are employed to counteract them or to control
them. If it were not for these things all radio frequency ampli-
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fiers would be built alike, but in order to control these things
a great many different arrangements have been tried, and it is
on account of this that we have the great number of so-called
radio receiver circuits. We are going to study some of these
circuits in this lesson before we finish it.

The simplest way in which to prevent self-oscillation of the
circuits is to increase the power losses in the input circuit. By
doing this it makes it necessary to have more power fed back
from the plate circuit than it can feed back, so that although we
can have a regenerative effect and an increase of amplification,
the circuits cannot start oscillating. And the simplest way of
ivrcreasing the power losses in the input circuit is to introduce
resistance in this circuit. Thus, in figure 10 we could so design
the coil L2 that it had quite a lot of resistance; then the power
loss in the input circuit of the second tube would be more than
the power fed back from the plate circuit of that tube through
the tube capacity. But this is a poor way of doing it; when the
tuning circuits have a lot of resistance the tuning becomes brnad
and the receiver becomes less sensitive.

Another way of accomplishing the same result is to build
the primary coil L1 in figure 10 so as to have little inductance.
This also is not a good way of doing it, for it limits the amount
of energy that can be transferred from the primary circuit of
the resonance transformer to the secondary circuit. Although
it is not a very good method it is widely used, for it is the
simplest and cheapest method. The same effect can be obtained
by keeping the primary and secondary coils sufficiently far apart
that is, by keeping the coupling loose.

Another means of doing the same thing is to place a resist-
ance, not in the tuning circuit, but connected directly to the grid
of the tube. This is indicated in figure 12 where the resistance
is marked r. This is a little better than placing resistance in
the tuned circuits, for the resistance r, does not decrease the
sensitivity quite as much or make the receiver tune quite as
broadly. The idea of this resistance r, is that as the power is
fed back from the plate circuit it encounters the difficulty of
passing through the resistance, so that only a little power can
go back as far as the tuned circuit. At the same time, since
there is very little current due to the signal, which flows from
the grid to the filament of the tube, the loss of signal power in
the resistance is not very great. In this way the resistance r

14
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decreases the feed-back and the tendency to oscillate but does
not cause as much loss of signal power as occurs when there is
resistance in the tuned circuits.

Resistance may be introduced in the tuned circuits in other
ways. For instance, any way of absorbing power from the tuning
circuit will have the same effect. If the coil is placed close to
any large metallic surface, as the tuning condenser, the metal
may absorb some of the power. Or, if another circuit is coupled
to the tuned circuit it may absorb power from it, especially if it
is tuned to the same wavelength. This idea is illustrated in
figure 13, where an absorption circuit (A) is coupled to the
secondary of the resonance transformer. This absorption circuit
consists merely of a small coil and a variable condenser connected
together as shown.
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Fig, 12, Fig, 13,

When methods of controlling the tendency to oscillate like
that shown in figure 13, are used, where we are able to make the
adjustments while we operate the receiver, it is clear that we can
make it oscillate or not, as we please. For instance, as we tune
the condenser C, bringing the receiver into resonance with the
signal we wish to listen to, we can adjust the condenser C1 so that
it absorbs a little power or a lot of power. When we adjust it to
absorb little power the receiver may oscillate, which makes it
useless as a receiver. Then we can change the adjustment a
little, so that the oscillations just stop. This is the condition
under which the receiver is most sensitive. Then, we can adjust
the condenser C1 so that the receiver is considerably “below” the
point of oscillation.

When such adjustments as these are on a receiver, there is

j a tendency for the operator to make the adjustment so that the
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receiver will oscillate, for this enables him to find the station he
is trying to tune to very easily, by means of the whistle which
it causes in the loud-speaker. This is not a very good way of
“hunting” for stations, as these whistles are radiated by the
receiver and may cause whistling and howling in other receivers
in the neighborhood. So when you operate such receivers keep
this in mind, and do not join the army of “bloopers” as they are
called. Alwavs keep the receiver “below” the oscillation point
when yecu are tuning.

The next way of causing a power loss in the input circuit

which we will consider is the potentiometer method. This is
illustrated in figure 14 (A) (B).

8

Fig. 14,

The reason why a potentiometer is used is to enable us to
control the tendency to oscillate at will. In order to obtain the
greatest amount of amplification, different values of bias are
required at different wavelengths (or frequencies), so it is to
our advantage to be able to make the necessary adjustments.
You will note that in figure 14 (B), instead of adding another bat-
tery to the circuit, we are making the “A” battery do the double
duty of lighting the tube and at the same time supply the bias
for the grid of the tube.

As we have said before, it is possible to control the tendency
to oscillate by keeping the inductance in the plate circuit of the
tube below a certain critical value. A little while back, when we
were discussing the resonance transformer, we stated that the
closer the coupling between the primary and secondary coils, the
greater would be the amount of energy transferred from the one
circuit to the other. Now, when any amount of energy is trans-
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ferred from the primary to the secondary, it is clear that the
secondary must exert a certain influence upon the primary.

But we must go a little further and explain that the higher
the frequency of the current being carried by the transformer
windings, the greater is the effect of the secondary on the pri-
mary. And we also must remember that the higher the fre-
quency becomes the smaller becomes the critical amount of
inductance that we can have in the plate circuit of the tube before
oscillations set in.

In other words, as the frequency becomes higher (or the
wavelength shorter) we have the critical amount of inductance

R.F Amplifier Detector
A
4 N\ 1
1
3
107 - —d a3
NS
<
Q
: t
([ C
_%L e G L ¢ [
B+ B-A+ A-
Fig. 15——Circuit diagram of two stazes of tuned radio freauency and detector.

decreasing and the apparent primary inductance of the trans-
former decreasing also, so that if they decreased at the same
rate everything would be fine and the circuits could be adjusted
easily so that they would not oscillate. Unfortunately, the pri-
mary inductance does not decrease rapidly enough as the fre-
quency becomes greater and greater, and although we might
adjust the circuits so that they would not oscillate when tuned
to the longer wavelengths (lower frequencies) they generally
oscillate easily when tuned to the shorter wavelengths (or higher
frequencies). On the other hand, if we adjust the circuits so
that they do not oscillate at the higher frequencies, we shall
find, in many cases, that the receiver is “dead,” or relatively
insensitive at the lower frequencies. This is a general failing
of receivers of the tuned radio frequency (abbreviated T.R.F.)
type which do not have adjustable means of controlling the
regeneration, such as potentiometers, or absorption circuits.

17
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On account of this difficulty there have appeared on the
market receivers which vary the coupling between the primary
and secondary as the tuning condenser is rotated in order to tune
to the various wavelengths. They all operate on the same prin-
ciples, so that when we describe one we describe all. First we
have the secondary coil wound in a single layer, in the form of a
solenoid. Then we have the primary coil, which is wound on
another piece of tubing which can be rotated either inside the
secondary coil, or at its end.

The idea of the contraption is to make the primary coil move
away from the secondary coil just the proper amount as the con-
denser is tuned to the shorter wavelengths. A cam attached to
the condenser moves the primary coil, so that as the condenser

Fig. 15-A—Typical Radio frequency transformer attached to a variable condenser.

is turned the primary coil turns also, always keeping the proper
distance from the secondary coil so that the circuit always
operates just below the critical point, where the greatest amount
of amplification is obtained.

Of course the shape of the cam is a peculiar one; there is no
way of determining the shape by calculation; it must be deter-
mined by actual trial. There are various mechanical arrange-
ments which permit this to be done, but the one shown in figure
15-A will illustrate the principle.

There are still other ways m which regeneration may be
controlled in a tuned radio frequency amplifier; another simple
way is to place a resistance in the plate circuits of the amplifiers.
Figure 16 shows how this is done. In figure 16 (A) we have the
plate resistor applied to a circuit where the “B’” battery is con-
nected by the series feed method. The resistance R is connected
right in the B4 line, so that when we introduce resistance in
the ecircuit we are merely lowering the plate voltage of the r. 1.
tubes. This will effectually control the tendgncy to oscillate.

18
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In figure 16 (B) we have the plate resistor connected in a cir-
cuit which employs the shunt feed method of connecting the “B”
batteries. In this circuit the plate voltage remains constant,
and the resistor R introduces resistance into the primary circuit
of the resonance transformer, which carries high frequency cur-
rent. The effect of the resistance in this circuit is to introduce

A [
LW
| M

B- ’R)

Fig. 16,

power losses in the plate circuit, which will prevent the circuits
from oscillating. The same thing is true of these circuits as is
true of other regenerative circuits. The greatest amount of
amplification is obtained by making the adjustments so that the
set is operated just slightly below the critical point at which
oscillations occur. In the circuit of figure 16 (A) the resistor R
may have a maximum value of several hundred thousand ohms

19
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and in the circuit of figure 16B, R must have a maximum value
of something like 100,000 ohms.

There are many other ways in which such receivers can be
controlled, but it is not possible at the present time to study all
of them. They all work in the same way; they introduce power
losses into the circuit in some way or another, so that the effect
of the feed-back can be reduced so the circuits will not oscillate.

Next we come to a type of receiver in which the regenerative
effect is balanced out. You will remember that in the T.R.F.
type of circuit the feed-back is accomplished through the capacity
between the grid and plate of the electron tube. If this capacity
were not present in the tube there would be no feed-back. So,
since we cannot remove this capacity, if we could find a way of
counteracting its effect, there would be no feed-back in the cir-
cuits. This is what is done in the bridge type of receivers.

All of these receivers are based on the Wheatstone bridge.
We will briefly review the operation of a Wheatstone bridge, so
that you will have it fresh in mind. Look at figure 17. Suppose
at G, in figure 17, we have an alternating current generator. The
rest of the circuit contains four resistances, rl, r2, r3 and r4,
arranged in a square or bridge form. The alternating current
generator is connected to two opposite corners of the square, and
a pair of phones is connected across the other two corners of the
square.

Now, there will be a certain current flowing through the
various branches of this network. At the corner marked (a) the
current coming from the generator will divide. Part of it will
flow through the branch rl to the point (b). The rest of it will
flow through the branch r2 to the point (c). At the point (b)
part of the current may go through the phones or through the
branch r3 to the point (d). Then at the point (c) the current
coming down through the phones will join the current coming
through r2 and the total will flow through the branch r4 to the
point (d) and thence back to the generator.

In other words, there will, in the general case, be a current
fiowing through all the branches of the network, and upon plac-
ing the phones to the ears a sound will be heard corresponding in
pitch to the frequency of the generator. But supposing, instead
of making it a general case, we make it a special case; suppose
we take special precautions to adjust the resistances of the
variqus branches in a certain special manner. Or, suppose we
adjust the resistances so that the current flowing through rl
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when multiplied by r1 will be equal to the current through r2
multiplied by r2. By this we mean that we are going to make

r111 = r212

Now, since the resistance multiplied by the current gives us the
voltage drop in the resistance, it is clear that the voltage drop
across rl must be the same as the voltage drop across r2. It is
then clear that there can be no difference of potential (or voltage
drop) from the point (b) to the point (c).

o
!
4 73
a j:} d
Jes %
G
\ S,
Y

Fig. 17-—A Wheatstone Bridge for measuring unknown resistances.

This might be explained in a simpler manner. Suppose the
potential of the point (a) is 10. Then suppose we so adjust the
resistances that the voltage drop in the branch rl is 4. Suppose
we also adjust the branch r2 so that the voltage drop in it is 4.
It is plain then that the potential at the point (b) is 10—4 or 6,
and likewise the potential at the point (c) is also 6. In other
words, the potential at (b) being the same as the potential at (c),
there is evidently no difference of potential between (b) and (c).
This is the same thing as saying that there is no voltage across
the phones, and consequently, when we have made this adjust-
ment, we will hear no sound in the phones, and there will be no
current flowing through them. The bridge is then said to be
balanced.

This is the principle of the Wheatstone bridge. Although.
in order to simplify the explanation we have supposed that there
were only resistances in the various branches of the network, it
is possible to connect various combinations of capacities, in-
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ductances and resistances instead of simply resistances, and the
bridge can still be made to balance.

Now, you will remember that the feed-back in a T. R. F.
amplifier is the current flowing from the plate to the grid within
the tube. What we do in the bridge systems is to furnish another
path for current to flow in the opposite direction so that this
other current neutralizes the effect of the feed-back current. Let
us see how this can be done.

First we start out by having the input, or tuned circuit, con-
nected to the points (a) and (d), just as in figure 17. You can
see this in figure 18. It is clear then that the points (a) and (d)
must be the grid and filament of the tube, for the tuned circuit
is connected to these, as shown in the upper corner of figure 18.
Now, across the other two corners of the bridge (b) and (c), we
must have the output of the tube, and therefore one of these
points must be the plate of the tube. Let us say it is the point
(b). Now we have the plate, grid and filament assigned to three
corners of the bridge, so we have two arms of the bridge already
furnished for us. These are the capacities within the tube
itself; they are marked Cgp (meaning capacity between the grid
and plate) and Cfp (meaning capacity between the filament and
plate). In order to complete the bridge we must furnish two
other arms, viz., the arm between (a) and (c¢), and the arm
between (c) and (d). These may just as well be fixed condensers,
as shown at C1 and C2 in the bridge. They may be about the
same size, since Cgp and Cfp are about the same size. '

The complete circuit is shown alongside the bridge arrange-
ment. The two differ only in the way they are drawn. The
capacity between the grid and filament does not enter into the
bridge circuit for it is across the points (a) and (d), and there-
fore can be considered as merely in shunt with the tuning con-
denser. In the circuit diagram the capacities within the tube
have been drawn in broken lines so that you can see their loca-
tion in the circuit. This is one form of bridge circuit in use
today. So far as known no particular name has been given it.

The neutralizing effect can easily be seen in the bridge cir-
cuit of figure 18. Suppose we have in the output circuit (between
b and d) some energy or power which is trying-fo get back to
the grid at the point (a). It flows in one_-dii'"éé’cion from the
plate to the grid (that is, from b to a) and flows in the opposite
direction to the grid through C1 (that is, from c to a). The two
currents coming to the point a (the grid) from opposite direc-

22

www americanradiohistorvy com



tions, neutralize each other, or cancel out, so that none of the
feed-back current can enter the tuning or input circuit. The
diagrams show only one stage of the r. f. amplifier. Several of
these may be connected in cascade in the usual manner. On
studying the circuit you will notice that there is no continuous
path from the plate to the filament. This path is broken by the
condenser C2. It is clear therefore that the “B” batteries can-
not be connected by the series feed method, but must be con-
nected by the shunt feed method. In connecting up this circuit
the two condensers C1 and C2 may be of small capacity, say
about .0001 mfd. or 100 mmf. One of these may be fixed and the
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Fig. 18—Capacity bridge alongside a vacuum tube circuit.

other may be variable. The adjustment of the circuit is made as
follows:

A very strong local broadcastmg statlon is tuned in very
accurately. Then the tube in one of the R. F. stages is taken out
of the socket, and a piece of paper is fastened to the filament
prong of the tube which is not in the bridge circuit. This is the
side of the filament marked x in the circuit diagram of figure 18.
Then the tube is put back into the socket, and the filament will
not light up smce the piece of paper breaks the circuit. Then
the variable condenser C2 ig adjusted until the sounds completely
disappear in the loud-speaker. Then this particular stage is
exactly neutralized. The same procedure is followed in neutraliz-
ing the other radio frequency stages.
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A neutralized receiver of this type will not generally oscil-
late. There have been discussions as to whether or not there is
regeneration present, although there is little doubt that there is
some regeneration when the amplifier is not neutralized ac-
curately. There are also some types of bridge circuits which can
be accurately balanced or neutralized when tuned to other fre-
quencies or wavelengths. Bridge circuits which have condensers
in all four arms of the bridge will generally stay neutralized at
all frequencies no matter at what frequency they are neutralized,
but bridges which have coils in some of the arms may not stay
as well balanced at all frequencies. The reason for this seems
to be that the inductances of the coils vary somewhat as the
frequency changes and this variation is not the same in all the

a ol
20) |a
sl 1S
an Q&
x

Fig. 19—Neutrodyne Bridge Circuit.

coils in the bridge. Consequently the inductance in a certain
arm of the bridge which contains a coil will not be the same at
one frequency that it is at another frequency. On the other
hand, the capacity of condensers does not change with the fre-
quency, so that it is easier to keep a good balance in a bridge
circuit which has condensers in all of its arms.

Of course, a little regeneration due to a slight unbalance of
the bridge may not do any harm; in fact, it may do some good by
increasing the sensitivity of the receiver. But it is always good
to have the balance as close as possible, for the gain due to the
regeneration may not be worth the loss of good quality of
reproduction which it may cause.

Another bridge circuit is shown in figure 19. This circuit is
widely used at the present day. This circuit is a simple form of
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the neutrodyne circuit. The primary coil has a tap at a certain
distance from one end. This is the point ¢ in the diagrams. A
neutralizing condenser of very small capacity, marked C, forms
one arm of the bridge. The two parts of the primary coil, A and
B, form two other arms of the bridge, and the grid-plate capacity
in the tube forms the fourth arm of the bridge. The bridge is
balanced as described above, by adjusting the neutralizing con-
denser C when the filament is not lighted. The secondary coil
is coupled to both parts of the primary coil. Since there is a
direct unbroken path from the plate to the filament, it is possible
to use the series connection for the “B” batteries, which may be
connected at x in the diagram.

Fiz, 20,

In figure 20 we have still another form of the bridge circuit.
The plate coil is tapped as in the previous case, and this time the
capacities Cgp and Cgf form two arms of the bridge. The two
parts of the coil form the other two arms. The “B” batteries can
be connected by the series method at the point marked x. It will
be noted that a large blocking condenser is connected at C in the
diagram. This condenser is required in order to keep the high
positive voltage from the “B” batteries off the grid of the tube.

This brings up another point in connection with many bridge
circuits. You will note that by placing the blocking condenser
in the circuit, we have broken the path from the grid to the
filament, which passes around through the coil L. As a con-
sequence the grid is left ‘“free” and is quite likely to become
highly charged negatively. In order to let this charge leak off
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the grid we have to furnish a “leakage” path. In the present
circuit it is difficult to do this, as any leakage path we might con-
nect in the circuit might allow a high positive or negative voltage
from the “B” battery to be placed on the grid of the tube. In
either case this is bad. What might be done, however, is to
place a grid-leak resistance as shown at gr. This may have a
resistance of about 3 megohms. This particular bridge circuit
is not adjustable. The balance or neutralization is only approxi-
mate, and is made by adjusting the tap (¢) on the coil to the
point of balance with the tube not lit, when building the receiver.
When tubes are changed the adjustment will change slightly,
but although there may be some regeneration, there is not much
likelihood of oscillations being started.

a b
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g Ca
Cop K/
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d a ¢

Fig. 21—IJIsofarad Bridge Circuit.

In figure 21 we have still another form of bridge circuit.
This is known as the Isofarad circuit. The two condensers C1
and C2, forming two arms of the bridge, are rotated together, so
that the capacity of one always bears the same relation to the
capacity of the other. The grid-plate capacity forms another
arm, and the fourth arm is formed by the neutralizing con-
denser C3. On account of the fact that the connection shown
would leave the grid of the tube “free,” a radio frequency choke
coil rfe is connected between the grid and filament.

You, no doubt, have noticed that up to this time we have
illustrated many drawings showing the connections from vacuum
tubes to batteries. Therefore, it is advisable at this time to
know the difference between circuits using D.C. tubes and A.C.
tubes.

In Figures 22 and 23, we have shown a standard 2-stage

26

www americanradiohistorv com —_—



Mt

“A1ddns Iamod g PuUE JIWIOJSUTI} jUIWMV|Y Wol}] PajeIado Sagni "O'y IJuisn ‘ay ‘g 03 Iejjwis NAID—E3 ‘Ng

©e P9 j\é@{i
E.ﬂ%iu ..... 5

= o o O X o o o R T O X X T

" paa

w
)

S i :
sl L ek M8
(> 9} (=
S A8 E A58 €
S S S
A = | =
1244 [/ 144

"IA0GE UMOYS SI uoIjesIdo

£2211€Q 10} UOHIBIYHAWE ‘Y'Y JO SIEIS OM} PUE 10)3913P UL JO S23TIN OM] JUISH JIALIIY 3qN)-¢ B JO WRIFEID NI Y L~—55 A4

D =

~]

/

L34

27

—_—T T

WWwW americanradiohistorv com




tuned radio frequency amplifier, detector, and 2-stage audio fre-
quency amplifier for both D.C. and A.C. operation. In the D.C.
operated set, the filament power is obtained from a storage bat-
tery, while in the A.C. operated set, the power for the filament
is obtained from the 110-volt light source, through a step-down
transformer. To furnish the correct operating voltage to the
various types of A.C. tubes and the power amplifier tube, the
step-down transformer must have besides its 110-volt primary
winding, three other windings, namely, a 1.5-volt supply for the
226’s, 2.5-volt supply for the 227 and a 5-volt supply for the
112-A or 171-A type of power tube.

In battery operated receivers, the return side of the sec-
ondary coil, whether it be in the tuner or amplifier, ultimately
returns to one side of the filament; the same is true with A.C.
tubes with the exception of the heater or 227 type of tube, where
this connection can be made direct to the oxide coated element
(cathode). However, it is not practical to make direct connec-
tion to either side of the filament when using 226 A.C. tubes or
power tubes operated from a transformer for the reason that a
disagreeable hum would be produced. To eliminate this hum, it
is necessary that the midpoint of the tube be connected to the
return side of the secondary coil. Mechanically, this is imprac-
tical in tubes now available because it would necessitate the
actual connection to the center point of the filament.

The problem can be solved in a more simple and direct man-
ner. Merely by shunting the filament terminals of the 226 A.C.
tube and power tube sockets with a center tapped resistor, a satis-
factory return connection is obtained when connection is made
to the midpoint of the resistor unit. Where it is desired to
obtain the proper C bias without the aid of external C batteries,
it is simply necessary to insert in the return connection a resist-
ance unit of the value which has been predetermined to give the
correct C bias to the tube.

The A.C. amplifying tubes, the 226’s, are of the standard
4-prong base. The 227 or detector tube, however, has 5 con-
nections or 5 prongs at its base and, therefore, requires a 5
terminal socket. These sockets usually have terminals marked
as follows: G for grid, P for plate, H-H for the heater terminals
to which is supplied the filament voltage, and C (cathode) to
which is attached the return side of the secondary circuit of the
tuner coil. Figure 23 shows how this tube socket is connected in
the circuit.

You will notice in Figure 23 that the filament leads are
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twisted together This is done so as to prevent the alternating
current flowing through the filament leads from acting mag-
netically on the coils or grid leads which may cause a hum. This
effect may be prevented also by keeping the filament leads as far
away as possible from the other wires and also by shielding the
filament leads.

The plate voltages applied to both D.C. and A.C. tubes may
be obtained from standard B batteries or a regular B eliminator,
the latter being preferable.

As the student has probably guessed by this time, the study
of radio frequency amplifiers is an enormous one. We can hope
in these lessons to give you only a fair idea of what it is all about,
and can introduce you to only a limited number of circuits. By
learning carefully what has gone before you will have a very
good knowledge of the subject we will take up in detail in
advanced text books A.C. receivers. Having learned this lesson
it will be easy for you to read what is written on the various
circuits in the radio magazines and future text books; as a matter
of fact, you will not be in a fair position to understand what you
read about them until you have thoroughly digested this lesson.

TEST QUESTIONS
Number Your Answer Sheet 13-2 and add your Student Number.

1. What is the purpose of using a radio frequency amplifier
ahead of the detector circuit?

2. Draw a diagram of a two stage radio frequency amplifier.

3. Show by diagram how an “A” battery can be connected in
the filament circuit so we can obtain a negative bias on the
grid of the tube.

4. State the advantage of placing a negative bias on the grid
of an amplifying tube.

5. Name the various coupling systems used in radio frequency
amplifiers.

6. How is the secondary circuit of a tuned radio frequency
transformer tuned to resonance?

7. How can we increase the coupling between the primary and
secondary circuits using radio frequency transformers?

8. What causes a receiver to oscillate and become a small
transmitter?

9. Explain what is meant by a critical point in the amplifica-
tion of a tube.

10. Draw a simple form of Neutrodyne Bridge circuit.
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