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FOREWORD

The subject matter of this book was originally published
as a series of articles written for * The Wireless & Electrical
Trader,” but requests for reprints have been so numerous
as to warrant the iss ue of the series in book form.

At the same time it is felt that the information contained
in it will be of use not only to recruits to radio service work
(for whom the articles were originally written) but also to
Students of radio engineering at technical colleges and to
the many young men who are now studying for radio work
in the Services.

In view of the fact that the superheterodyne receiver
circuit has largely displaced other types, it is to the super-
heterodyne that the book is mainly devoted, although much
of the information is equally applicable to the * straight
TRF type of circuit.  The subject matter is essentially
practical, and there has been no attempt to delve deeply
into purely theoretical details. Typical component values
have been included wherever possible.

The author has placed himself in the position of a beginner
who is confronted by a complete superheterodyne circuit,
and who cannot distinguish one end from the other. The
circuit has been split up piece by piece, each being treated,
as far as possible, as a separate section. Having learned
how to identify and isolate the various parts which go to
make up the whole, it is believed that the beginner will then
be in a position to tackle any normal superheterodyne
circuit with confidence.

Second Edition

The large demand for the book has necessitated bringing
out a second edition, and the opportunity has been taken to
alter the title by the removal of the description ** ABC.”
The reason for this is that it has been felt in some quarters
that the original title did not fairly describe the contents,
which take the reader well beyond the elementary stage.
It has not been necessary to modify the contents of the book
in any way, since no circuit changes in commercial receivers
have occurred in the past six months.

W.E. M.

First Edition, First Impression—August, 1941
First Edition, Second Impression—OQOctober, 1941
Second Edition, First Impression—February, 1942
Second Edition, Second Impression—July, 1942
Second Edition, Third Impression—May, 1943
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Radio Circuits

SUPERHET PRINCIPLES

ADIO receiver circuits can be divided

broadly into two classes, those which
employ what is known as a * straight ”
TRF (tuned radio frequency) circuit, and
those which utilise the superheterodyne
(superhet) type of circuit.

In recent years the superheterodyne
receiver has become increasingly popular,
and in this book it will be dealt with
exclusively. It should be pointed out that
anyone with a good knowledge of super-
het circuits will be able to understand the
simpler ¢ straight > type of receiver, and
many sections of the book, though written
with the superhet type of circuit in mind,
are equally applicable to the * straight
receiver. For instance, aerial circuits, RF
couplings, AF and output circuits and
power supply arrangements are virtually
the same 1n both types of receiver.

The principles of the superheterodyne,
though more difficult to understand than
those of the TRF receiver, -are easy to
understand once the circuit is split up into
its various sections, and each section is
studied separately.

The reason for the popularity of the
superhet is that it enables stable and
controllable amplification to be carried
out with very little difficulty, and it does
this by converting the incoming signal
from the high frequency at which it is
transmitted to a lower frequency (known
as the intermediate frequency, or IF).
To secure a high degree of amplification
of a radio frequency signal without
encountering instability is a difficult
matter ; at the lower frequency to which
the signal is converted amplification is
relatively simple.

There is another reason for the use of

the superhet, however. In order to
secure adequate selectivity in a receiver,
we must have a number of tuned cir-
cuits. In a “straight” receiver, where
all the amplification (except in the AF
stages) is carried out at the signal fre-
quency, each stage must obviously be
tunable over the whole frequency range
covered by the set. In order to permit
tuning with a single control, a ganged
tuning condenser with as many sections
as there are tuned circuits would be
necessary, and each stage would also
have to have its own complete set of
coils, with their associated wavechange
switches. In mass production, the diffi-
culties of ganging and stabilising all the
tuned circuits would be considerable.

In the superhet, the incoming signal,
whatever its frequency, is converted to
the fixed intermediate frequency, at
which the major part of the amplifica-
tion is carried out. The advantages of
this are easy to see. In the first place,
the tuning of the intermediate frequency
amplifying stages is fixed. It is accurately
adjusted at the works, and need only be
touched when complete re-alignment of
the set becomes necessary. The variable
tuning of the set is carried out in the stages
prior to that at which the signal is con-
verted to the intermediate frequency.
This stage is known as the frequency-
changing stage.

Many receivers have no amplification
prior to the frequency-changing stage, so
that the variable tuning is simplified
down to one aerial tuning circuit, and
an additional one in the frequency-
changer section, the latter being the
oscillator tuning (which will be dealt
with later). In this simple superhet cir-
cuit, therefore, a two-gang variable
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condenser is all that is required, the
additional selectivity being obtained
from the fixed-tuned IF stage.

The usual IF stage consists of a single
amplifier valve, a transformer being used
to couple the frequency-changer to the
grid circuit of the IF valve, and another
similar transformer coupling the anode
circuit of the IF valve to the following
stage, which is the detector, or demodu-
lator. The two transformers, each with
a tuned primary and a tuned secondary
winding, provide four tuned circuits
which, with the single-tuned aerial circuit
(the oscillator does not count), gives five
tuned circuits in all. These can be made
to give adequate selectivity for all normal
requirements.

Where additional selectivity is needed,
the manufacturer usually provides a
stage of RF amplification between the
aerial and the frequency-changer stage,
which is known as the pre-amplifier or
pre-selector stage. This stage, by virtue
of a tuned coupling between it and the
frequency-changer, gives an extra tuned
circuit, besides handing on an amplified
signal, If this additional valve is not
used, two tuned circuits between the aerial
and the frequency-changer, arranged to
give band-pass characteristics, are some-
times used. In both these cases a three-gang
tuning condenser (two for signal and one
for oscillator tuning) will be employed.

Fig. 1 is a block diagram showing the
stages of a simple superhet receiver,
in which the pre-selector stage is dotted

The frequency-changer is split into two
units, the mixer and the oscillator. In
order to produce the required inter-
mediate frequency, the incoming signal
and a locally generated oscillation are
caused to heterodyne each other, that is,
they are mixed together, and produce
new frequencies, one equal to the sum
of the oscillator and signal frequencies
and the other equal to the difference
between them. It is the latter which is
selected for amplification in the IF
stages, the sum frequency (and the original
signal and oscillator frequencies) being
filtered out.

Although the two sections of the fre-
T‘xency-changer are shown separately in
the block diagram, the receiver does not
necessarily use two separate valves,
although in some sets separate valves are
in fact employed. More usually a single
frequency-changer valve is used which
combines the two functions.

It is clear that since the intermediate
frequency signal obtained from the fre-
quency-changer has to be fixed in_ fre-
quency, and since the incoming signal
may vary over a wide range of frequencies
according to the station being received,
the oscillator stage must also be tuned so
that its frequency always differs from
that of the incoming signal by a con-
stant amount, the difference naturally
being the value of the intermediate fre-
quency.

Consequently, with a single tuning
control, and the signal and oscillator

to indicate that it is not always tuning ganged, special arrangements
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Fig. 1—Blpck diagram of a simple superhet circuit, showing the separate stages which are
described in the text. The two sections of the frequency-changer may be embodied in a
single valve.
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(known as tracking or padding) have to
be made so that this constant frequency
difference is accurately maintained over
the whole signal frequency range covered
by the set.

As has already been mentioned, the
output from the frequency-changer is
passed to the IF stage for amplification,
but, as in the case of a modulated RF
signal (with which it is identical, except
for being of a lower frequency), it must
be * detected ” or demodulated before
it can be passed to the audio frequency
stages for further amplification. The
stage which performs the demodulation
is often known as the second detector,
the reason being that in early superhets
the frequency-changer was known as the
first detector. Although this term has
been largely abandoned, the demodulator
is still widely known as the second
detector.

Whereas in a ** straight * receiver the
valve used for demodulation is usually a
triode, tetrode or pentode, in the modern
superhet it is almost invariably a diode,
because in this type of set there is an
adequate signal voltage to load a diode
properly, which results in comparative
freedom from distortion.

Usually a double diode is used, one
section being used for demodulation and
the other, also fed from the IF stage,
being used to provide a DC voltage for
automatic volume control purposes. i
voltage varies in accordance with the
strength of the incoming signal, and is
fed back to the frequency-changer and
IF stages as negative grid bias. With a
weak incoming signal only a small bias
is applied to these valves, which therefore
operate at full amplification and tend to
compensate for the weak signal. With
a strong incoming signal a large negative
bias is applied, with the result that the
amplification of the ecarly stages is
reduced.

After leaving the demodulator stage
the AF modulation of the signal is
amplified by one or two AF stages.
Sometimes the first stage AF valve forms
part of the demodulator and AVC valve,
which may be, for instance, a double
diode triode type. Where a high gain
output pentode is used, the output from
the demodulator may be resistance-
coupled direct to the output valve, with
no intermediate AF stage. A double

diode output pentode is then often
employed.

This, then, is a very brief sketch of a
simple modern superhet receiver, and it
will now be necessary to examine the

circuit stage by stage.

AERIAL INPUT CIRCUITS

N considering the superheterodyne

circuit in detail, it is proposed to
follow the passage of the signal through
the receiver from the point of entry, that
is, from the aerial-earth circuit. This is
the most convenient method to adopt
from the point of view of understanding
the circuit, but it should be pointed out
that it is not the best way to work in
tracing faults in the set. For the latter
purpose it is usually best to work from
the loudspeaker backwards to the aerial
circuit.

The first circuit in the receiver is that
to which the aerial and earth of the set
are connected, and its purpose is to
transfer the signal to the tuned circuit
which follows it. The aerial circuit of a
modern receiver is rarely, if ever,
variably tuned, except in a frame aerial
set, which is a special case.

In all open aerial types of receivers the
signal is merely handed on from the
aerial circuit to the first tuned circuit,
and the method by which this is done
varies quite considerably. Although the
aerial circuit is not tuned, it is often
arranged to resonate at some part of the
band to which the receiver normally
tunes, to increase the efficiency of trans-
fer of the signal at this part of the tuning
range. This is arranged by the designer
of the set who may wish to increase the
sensitivity over a certain frequency band,
to compensate for a deficiency elsewhere
in the circuit.

If all aerial and carth systems likely
to be used with the set were identical in
constants, that is, if they had the same
capacity, inductance and RF resistance,
it would be easy to design a very efficient
aerial circuit. Unfortunately, aerials
vary from a few feet of wire trailing
behind the set on to the floor, to a super
outdoor type some forty feet high and a
hundred feet long.

What the designer has to do is to
arrange matters so that whatever aerial
is used there will be no appreciable differ-
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ence in effect on the first tuned circuit
of the receiver. It will be appreciated
that this circuit, in a modern set, is
ganged with the other tunmed circuits,
and its constants must not vary, what-
ever the conditions of use of the set.
Consequently, the coupling between
the aerial circuit and the first tuned cir-
cuit must be small enough to prevent the
aerial system from appreciably affecting
the tuned circuit, while at the same time
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Fig. 2a and 2b, showing two simple
forms of aerial coupling.

being adequate to pass on the signal
voltage efficiently at all frequencies to
which the set may be tuned.

In order to reduce the loading of the
aerial system on the first tuned circuit
we can adopt either one of two alterna-
tives, or a combination of the two. The
first method is to use a small fixed con-
denser in series with the aerial, which,
in the usual manner of condensers in
series, lowers the apparent capacity of
the aerial, and reduces its effect on the
first tuned circuit (Fig. 2a). At the same
time, because of the impedance it inserts
in the circuit, it also reduces the signal
voltage handed on.

Furthermore, the lower the frequency
of the signal the higher the impedance
of the series condenser, and the smaller
the proportion of the signal which reaches
the set. Another disadvantage of the
series condenser alone is that unless it is
very low in capacity (resulting in very
small aerial coupling) the aerial will still
have an appreciable effect on the first
tuned circuit, damping it and rendering
the receiver unselective.

The second method of aerial coupling
is to use an inductance coil connected
between aerial and earth, and coupled to
the coil of the first tuned circuit (Fig.

2b). The signal voltage in the aerial
system is built up across the coupling
coil, and induced into the tuned circuit.
The coupling depends on the number of
turns of wire and on the proximity of
the coupling coil to the tuned coil. If
only a few turns of wire are used in the
coupling coil, they will generally be
wound over or close to the tuned coil.
Sometimes, however, the designer uses a
comparatively large number of turns in
his coupling coil, but spaces it well away
from the tuned coil.

Where coupling to several tuned cir-
cuits (for different wavebands) is neces-
sary, a single coupling coil is sometimes
used and is designed to give the best
possible compromise on all bands. While
a single coupling coil is often used in a
2-band (MW and LW) receiver (Fig. 3a),
it is generally found that in a 3-band
(SW, MW and LW) set a separate coup-
ling coil is used for the SW band, with
suitable switching (Fig. 3b). Sometimes
the aerial is inductively coupled on the
MW and LW bands, and capacitatively
coupled on the SW band (Fig. 3c).

One of the most common arrange-
ments in a 3-band set makes use of three
separate coupling coils, with switching,
for each waveband (Fig. 3d). This not
only makes for the greatest efficiency on
each band, but also permits the use of
separate coil units for each band, the
coils being wound in pairs on separate
formers. The bands can then be made
quite independent of each other.

Although aerial coupling coils are
often shown in circuit diagrams as having
less turns than the tuned coils to which
they are coupled, it should be clear from
what has already been said that in practice
they may consist of a greater number of
turns than the tuned coil. In any case, the
DC resistance of the coupling coil is
generally higher than that of the tuned
coil, and sometimes even ten times as
great.  Occasionally the coupling coil
will be wound of resistance wire to
produce a flat resonance peak, and in this
case its resistance will naturally be quite
high, though it may be small in physical
dimensions.

The coupling arrangements described
are the simplest ones, and though largely
used, they by no means embrace all the
possible arrangements. Some sets have
extremely elaborate aerial circuits, with
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capacitative potential dividers, fixed
condensers associated with the coupling
coils, and other arrangements introduced
by the designer to keep the sensitivity as
constant as possible on all wavebands.

Sometimes a resistance is used as a
shunt across the aerial-earth circuit. It
may be that this is to flatten the tuning
by damping the aerial circuit, or, pos-
sibly, it is an afterthought put in to
reduce the sensitivity of the set owing to
overload of the first valve by powerful
local stations.

Again, a series tuned circuit is some-
times found across the aerial-earth cir-
cuit. This is usually intended for use as
an IF filter. It is tuned to the inter-
mediate frequency of the set, and by-
passes signals of that frequency, thus
preventing interference in the IF stages
of the set. Sometimes a parallel-tuned
circuit is inserted in series with the aerial
connection to the circuit, and when this
is tuned to the value of the IF it acts
as a rejector, blocking the entry of signals
of this frequency from the aerial into the
set.

Occasionally other tuned filters or re-
jectors are to be found in the aerial
circuit of a receiver, usually intended to
reduce the effect of some powerful near-by
station.

The case of frame aerial receivers is
rather different. Here the frame aerials
themselves are used as the first tuned

use of an external aerial, coupling is
generally arranged either by means of a
small series condenser, or by a turn or
two of wire coupled to the frame winding.

TUNED INPUT STAGE

HE first tuned circuit is always

connected, as far as radio frequency
signals are concerned, from the control
grid of the first valve to chassis. The
cathode of the first valve is also connected,
either directly or via a bias resistance, to
chassis, so that the tuned circuit is con-
nected effectively from control grid to
cathode of the valve.

The fundamental arrangement is shown
in Fig. 4a. This shows the aerial coupled
to a parallel-tuned circuit using a
fixed coil and a variable condenser. The
top of this circuit is connected to the
control grid of the first valve, and the
bottom is connected to a chassis. Since
the cathode of the valve is also connected
to chassis. the tuned circuit is thus
connected across the grid/cathode circuit
of the valve.

A more practical circuit is shown in
Fig. 4b, which has provision for the
application of the bias voltage of the
automatic volume control circuit to the
grid of the valve, and also for the applica-
tion of fixed grid bias to the valve.
The AVC line, carrying the voltage
obtained from a later part of the circuit,

circuits. If provision is made for the is shown beneath the chassis, which is
\ Y
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Fig. 3a to 3d—Four more examples of aerial coupling arrangements which are
referred to opposite.
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the convention usually adopted in circuit
diagrams. The bottom end of the tuning
coil, instead of going to chassis, is con-
nected to the AVC line, and the voltage is
therefore impressed on the grid of the
valve via the coil. This is known as a
series-fed circuit.

The lower side of the tuning condenser
goes to chassis, as before, merely because
this is convenient in manufacture. The
frame of the condenser forms one of its
connections, and, by bolting the con-
denser to chassis to fix it, the desired

end of R1. Since the grid of the valve,
via the tuning coil, AVC line and resistors
at the far end of the line, is connected
to chassis (and in this case the high
value of the resistance in series with
it and chassis is of no importance, since
no DC current should flow in the grid
circuit and there will therefore be no
voltage drop), the DC potential of the
chassis relative to the cathode of the
valve is transferred to the grid, so that
the grid is biased negatively relative to
cathode by an amount depending on the
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Fig. 4, a 10 c.

a—The fundamental tuned circuit.

b—Arrangement including

series-fed AVC voltage. c—Alternative arrangement with parallel-fed AVC voltage.

connection is automatically made. As
the bottom of the coil is connected to
the AVC line (which only connects to
chassis at the far end via high value
resistances), the coil is not connected
properly across the tuning condenser,
and the circuit as described is therefore
not efficiently tuned.

It will be noted, however, that there
is a fixed condenser (Cl) between the
AVC line and chassis. This usually has
a value of the order of 0:01 to 005 uF,
and as far as radio frequencies are con-
cerned, it is virtually a short circuit, so
that from the tuning point of view it
can be considered as connecting the
bottom of the tuning coil to chassis, and
thus completing the tuned circuit.

The principle of the bias arrangement
in Fig. 4b must now be considered. Re-
sistance R1, in series between the cathode
of the valve and chassis, has the total
cathode current of the valve flowing
through it, that is, the sum of all the
currents taken by any other electrodes in
the valve. This produces a certain voltage
drop across R1, in such a direction as to
make the chassis end of R1 negative by
a certain amount, relative to the cathode

value of R1 and the total cathode current
of the valve.

In the case of the first valve of the
set, which is either an RF amplifier or
a frequency changer, R1 will have a low
value of about 300 ohms. Nevertheless,
it offers an impedance to RF, and in
order to get rid of this, R1 is shunted by
C2 (005 to 0-1 pF), which effectively
connects the cathode of the valve to
chassis, as far as RF is concerned. Thus,
by the use of the by-pass condensers C1
and C2, the tuning circuit of Fig. 4b is
made identical with that of Fig. 4a.

It was mentioned a little earlier that
Fig. 4b showed a series-fed AVC circuit,
the control voltage being applied in
series through the tuning coil to the grid.
Fig. 4c shows another method of feeding
the AVC voltage to the grid. It resembles
the old grid leak and condenser circuit.
The AVC voltage is fed via the resistance
R2 direct to the grid, while the tuned
circuit is isolated from the grid by C3.
If C3 were not present, the low DC
resistance of the tuning coil would have
the effect of shorting the grid to chassis
and preventing the AVC from working.

C3, of course, is no barrier to the
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transfer of RF voltages developed across
the tuned circuit to the grid of the
valve. Common values for R2 and C3
of Fig. 4c are 1 megohm and 0-005 uF.
Note that when this arrangement is used
zhe tuned circuit is connected as in Fig.
a,

The DC connection for the application
of the fixed bias to the grid is again
obtained by virtue of the fact that the
far end of the AVC line is connected via
a high resistance to chassis. It may not
be out of place here to mention that if
at any time it is desired, when testing
or aligning a set, to put the AVC circuit
out of action, the proper method is to
connect the AVC line to chassis. If the
line is merely broken the bias connection
is removed, and the grid of the valve is
left “ floating,” or, as some engineers
describe it, * up in the air.”

A typical arrangement for the first
tuned circuit of a 3-waveband receiver is
shown in Fig. 5. Here separately switched
tuned circuits are used for each wave-
band. C4 is the tuning condenser, and
C8 is the fixed condenser corresponding
to Ct in Fig. 4b. Although on casual
inspection they seem to be in different
positions in their respective circuits, in
actual fact their positions are electrically
identical.

It will be noted that small variable
condensers are shown connected across
the tuning coil of each waveband. These
are for alignment purposes, and in actual
practice the condensers C5, C6 and C7
are of the pre-set or trimmer type. They
are adjusted initially at the factory when
the set is made, and subsequently when
realignment of the receiver is found to
be necessary.

Sometimes the pre-set condensers are
replaced by fixed condensers of the re-
quisite capacity, while on one of the
bands (usually MW)) the trimmer may be
associated with the tuning condenser,
and will therefore not be shown directly
across the coil. Occasionally a trimmer
may be omitted altogether from one of
the bands.

The single-tuned circuit preceding the
first valve has now been covered in ade-

uate detail, but it should be pointed out

at variations of the arrangements
described are often encountered.

BAND-PASS COUPLING

IN some receivers, particularly those
which do not use an RF stage prior to the
frequency changer, a double-tuned input
circuit may be used to give an extra degree
of selectivity. Such circuits are generally
of the band-pass type and may take
various forms. For instance, to get the
correct band-pass effect the two tuned
circuits may be inductively coupled,
capacitativel” coupled, or, using a com-
bination of both methods, * mixed”
coupled.

The double-tuned circuit is, of course,
designed so that its two sections are
ganged together (and with the oscillator
stage) for tuning purposes. It therefore
needs two sections of a ganged tuning
condenser, and as the oscillator needs
one, the tuning condenser will be of the
3-gang type. If an RF stage with single-
tuned circuits is used, the tuning con-
denser will also have three sections, but
if there is no RF stage, and only the
single-tuned input circuit, only a 2-gang
condenser is necessary.

In a double-tuned circuit, there is
always some form of coupling between
the two tuned circuits to enable the
signal voltage built up across the first to
be transferred to the second, and on the
type and degree of coupling depends
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Fig. S5—Typical arrangement of a
3-band circuit, showing AVC feed, and
waveband switching.
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the response of the complete circuit.
With a weak coupling, the circuit will
give good selectivity but poor sensitivity ;
with strong coupling, the reverse is the
case,

By suitable coupling arrangements a
band-pass effect is obtainable, which
means that over a certain band of fre-
quencies on either side of the frequency
to which the circuits are tuned the re-

as RF is concerned. The coupling be-
tween the two circuits is not obtained
by the inductive effect of the physical
proximity of the two coils, but by the
reactance of condenser C5, which is com-
mon to both the tuned circuits. The
degree of coupling depends on the
capacity of CS5, and this is carefully
chosen by the designer. It may be any-
thing between 0-01 u4F and 0-2 uF.
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Fig. 6, a to d. a—Simplest form of double-tuned circuit using inductive coupling.
b—Circuit of capacitative coupling, showing bottom coupling by C5 and (dotted) top

coupling by C6.

c—Inductive coupling by means of the common coil L1. d—Special

form of coupling used by certain manufacturers.

sponse is at a maximum, while outside
this band, on either side, the response
falls off rapidly. The ideal curve has a
flat top and steeply sloping sides. The
effect of a band-pass characteristic of the
tuning circuit is that a high degree of
selectivity is obtained with no sacrifice
in quality of reproduction.

Double-tuned circuits can be coupled
in several ways, and the methods used
in modern receivers will now be con-
sidered. The most common method is
simple inductive coupling between the
two tuned coils, which really form the
primary and secondary of a double-tuned
RF transformer. The circuit is shown in
Fig. 6a, where L1, Cl and L2, C2 are
the two tuned circuits, coupled by the
mutual inductance between L1 and L2.
The coils are usually identical in shape
and characteristics, and are wound and
mounted so that a certain definite degree
of coupling between them is secured.

The next most common type of coupling
is capacitative, as shown in Fig. 6b.
Here L3, C3 and L4, C4 are the tuned
circuits, each being completed by the
fixed condenser C5, which connects the
bottom end of each coil to chassis as far
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Condenser C5 is often referred to as
the “ bottom coupling ** condenser, owing
to its position in the conventional type
of circuit. C6 in Fig. 6b, which is shown
dotted, is a small capacity (often only a
few uuF) which is sometimes used in a
band-pass circuit, and is referred to as the
““ top coupling ** condenser.

If L3 and L4 are inductively coupled,
and C5 (and/or C6) is used as well, we
have a form of * mixed coupled * circuit.
The only difference between it and the
capacitatively-coupled circuit is in the
disposition of the coils.

Some designers prefer to use the form
of inductive coupling shown in Fig. 6c.
This is similar to Fig. 6b, except that
the inductance coil L7 takes the place
of the coupling condenser C5. Coupling
is due to the impedance of L7, being
common to both the tuned circuits LS,
C7, and L6, C8. L7 is usually a fairly
small inductance, and, of course, LS and
L6 need not themselves be inductively
coupled. Sometimes they are coupled to
a certain degree, however, and this
obviously modifies the effect of L7.

In Fig. 6¢, C9 is shown dotted, and
indicates the possibility of mixed coupling
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by using a small *“ top coupling ” con-
denser. Another point about Fig. 6¢
is that sometimes a fixed condenser is
interposed between the bottom of L7 and
chassis, which also gives a form of mixed
coupling. Its main use, however, is to
isolate the coils from chassis as far as DC
is concerned, so that a bias voltage can
be fed through L6 to the grid of the follow-
ing valve by connecting its feeder to the
junction of the bottom of L7 and the
extra condenser.

In Fig. 6d is shown a special form of
coupled circuit used by certain manu-
facturers. The main parts of the tuned
circuits are L8, C10, and L9, Cl1, and
L8 and L9 are not directly coupled.
Instead, coupling is achieved by the two
small coils L10 and L11, which are
wound in close physical proximity to
each other on a small tubular former.
C12 is used to modify the coupling by in-
troducing a capacitative effect, and it also
serves to isolate the lower ends of the
tuned circuits from chassis as far as DC
is concerned.

The examples considered cover the
main types of double-tuned input circuits
normally encountered in modern re-
ceivers, although slight variations are
often found. For instance, in Fig 6d,

L1l may be omitted, and L10 coupled
directly to L9.

It should be pointed out that the
diagrams given are the basic ones and for
a single waveband only. With two wave-
bands, switching, trimming condensers,
and often separate bottom coupling con-
densers for each band, the circuit often
seems quite elaborate, though it can
usually be broken down to one of the
forms in Fig. 6.

Fig. 7 shows a practical form of Fig. 6d
as used in a 3-band receiver. Here it
will be noticed that double-tuned circuits
are used on MW and LW only. On the
SW band the aerial is coupled by L8 to
the single-tuned circuit L9, C38. CS is
the SW fixed trimmer.

On MW and LW the aerial is coupled
by L2 and L3 (and the small coupling
condenser C2) to the first tuned circuits
L4, C36 (MW) and L4, LS, C36 (LW).
L6 and L7 are the small coils (corre-
sponding to L10 and L11 in Fig. 6d), and
C3, C4 are bottom coupling condensers.

On MW, switches S4, S5 are closed, so
that coupling between L4, C36 and L10,
C38 is by L6 (with L5 and C3 in parallel)
and L7 (with L11 and C3 in parallel),
together with C4.

On LW, S4 and S5 are open, so that

Fig. 17T—A com-
plete practical 3-
band arrangement ;

incorporating a
double-tuned input
circuit  using the
coupling method of
Fig. 6d on MW,
and capacitative
coupling on LW.
On SW only a single
tuned input circuit
is used, and this
is quite common in
many sets.
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one end of L6 and of L7 is disconnected
from the tuned circuits, and band-pass
coupling is capacitative only, by C3 and
C4 in series.

Other points of interest in the circuit
shown are the IF filter L1, C34 (already
mentioned when dealing with aerial
circuits) and the AVC feed circuit. On
the SW band the feed is through coil L9,
C6 connecting the bottom of the coil to
chassis as far as RF is concerned. On
MW and LW a separate feed is taken
via Rl and then through L1l and L10,
with C3 and C4 closing the RF circuit
to chassis.

RF AMPLIFIER STAGE

AVING dealt with the tuned input

circuits of a modern superhet one
reaches the first valve of the receiver.
In the majority of cases this will be the
frequency-changer valve, but since many
receivers employ a stage of RF amplifica-
tion in front of the frequency-changer,
this will be considered first.

The type of valve used for RF amplifi-
cation is usually an RF pentode or tetrode
having a variable-mu characteristic, which
means that its gain can be adjusted by
altering the bias applied to the control
grid of the valve. In circuit diagrams the
variable-mu type of valve is indicated by
an inclined arrow drawn through the
valve diagram. Fig. 8 shows the standard
diagrams used for RF pentodes and
tetrodes of the indirectly heated and
directly heated (battery) types.

The gain of the RF valve is almost
invariably controlled by the AVC voltage
mentioned in an earlier section, and that
is why a variable-mu valve is essential
in this position. The bias voltage derived
from the AVC circuits is fed to the control

Fig. 8—Conventional diagrams for

variable-mu RF valves. Left to right:

IH pentode, IH tetrode, DH pentode,
DH tetrode,

grid of the valve as explained when dealing
with tuned input circuits.

In addition, a small fixed negative
automatic bias may be used, so that
however weak the signal (and therefore
however low the negative AVC voltage)
the valve always has a certain fixed
minimum bias. This bias is obtained by
means of a fixed resistor in the lead from
the cathode of the valve to chassis in
the case of indirectly heated valves, or
from a potentiometer network in the case
of a battery receiver,

The other power supplies for the valve

Yy H T+ LUNE
FC
RF RF
INPUT COUPLING
==
i
n l AVC r AVC

Fig. 9—A complete RF stage, with the
couplings indicated by square blocks.

(apart from the filament or heater cur-
rent) are a positive anode voltage and a
positive screen voltage (usually, but not
always, lower than the anode voltage).
The control grid is the innermost grid
(next to the cathode), while the screen
grid is next to the control grid. In a
tetrode the only remaining electrode is
the anode, but in a pentode there is a
third grid, between the screen grid and
anode. This is the suppressor, and is
usually connected direct to chassis, or
to the cathode of the valve.

The screen grid obtains its voltage
from the HT supply, usually via a de-
coupling resistor which may have a value
up to 50,000 ohms or more. A common
value is 25,000 ohms. Alternatively, the
screen voltage may be obtained from a
potentiometer consisting of two resistors
in series across the HT supply from HT
positive to chassis. The screen voltage
will then be tapped off from the junction
between the two resistances.
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In whatever way the screen obtains its
supply, there will almost invariably be
a fixed condenser, for RF by-pass pur-
poses, connected from screen to chassis.
This condenser will usually have a value
of about 0-1 uF.

So much for the DC supplies of the
RF valve. The RF signal voltage, as
we have already seen, is fed via the tuned
input circuit (which may be of any of
the types already described) to the control
grid circuit of the valve, and the amplified
signal appears in the anode circuit. From
this point the signal must be passed on
to the next stage in the receiver, namely,
the frequency-changer. For this purpose
some form of coupling between the anode
circuit of the RF valve and the grid circuit
of the frequency-changer valve must be
used. The diagram in Fig. 9 shows a
complete RF stage with skeleton couplings.

It would, of course, be possible to
employ an untuned form of coupling of
the resistance-capacity or choke-capacity
type, but, in order to secure maximum
amplification over the whole band, and
an extra degree of selectivity, the inter-
valve coupling is invariably tuned.

Three common forms of coupling are
used in modern sets, namely, tuned-
secondary transformer coupling, tuned
anode coupling, and choke-fed tuned
grid coupling. The three are listed in
their order of popularity, and nine sets
out of ten employ the first-mentioned
form.

In Fig. 10 are shown the three types
of coupling in their simplest form. Fig.
10a indicates tuned-secondary transformer
coupling. The primary of the trans-

H T+ LINE

H T+ LUNE

former (L1) is in series with the anode
circuit of the RF valve, and is coupled
to the secondary (L2), which is tuned
by Cl. The signal across the tuned cir-
cuit is then applied between the grid of
the next valve and chassis. It will be
observed that this arrangement is very
similar to that of the tuned input circuit
of the receiver, with the primary of the
transformer taking the place of the
aerial coupling coil. Similar arrange-
ments are made for applying the AVC
voltage via the tuned circuit to those
described in the section on the tuned
input stage.

Fig. 10b shows the tuned-anode type
of coupling, in which the tuned coil L3
is in series with the anode circuit. Some-
times the HT line is connected to a
tapping on L3 to minimise damping of
the tuned circuit. It will be noted that
the tuning condenser C2 is not directly
across the coil, although, as far as RF
is concerned, it is in parallel with it, by
virtue of the condenser C3, connected
from the coil to chassis. C4 is a grid
condenser isolating the anode voltage of
the RF valve from the grid of the following
valve, but not preventing the RF voltage
from reaching the grid. Rl is a resistance
permitting bias to be applied to the grid.
Since in this circuit almost the full HT
voltage is applied across the tuning
condenser, a 0'1 uF blocking condenser
will sometimes be found between the top
of L3 and the top of C2.

Fig. 10c shows the third form of
coupling, but this is not very common.
L4 is an untuned RF choke in the anode
circuit of the RF valve. CS is the coupling

HT+ UNE

Fig.10,atoc.

a—Tuned secondary transformer coupling. b—Tuned anode coupling.

¢—Choke-fed tuned grid coupling. Only a single waveband is indicated in each case.
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condenser from the RF anode to the
frequency-changer grid. C6 and the coil
across it form the tuned grid circuit.

As has alrecady been mentioned, the
tuned-secondary transformer coupling is
the most popular of the three, but any
of them may be encountered.

In their complete practical forms the
couplings will, of course, incorporate
waveband switching and trimmer con-
densers somewhat on the lines of these
arrangements in the tumed input circuit
(Fig. 7).

FREQUENCY CHANGING

HAVING now followed the superhet
circuit up to the signal grid of the
frequency-changer stage (and so far there
has been practically no difference in the
circuit from that of a * straight * receiver,
except that AVC is rarely used in the
latter), it is now necessary to look into the
principles of frequency-changing, on which
the whole structure of the superhet circuit
depends.

In the frequency-changer stage the in-
coming signal is mixed with the output
of a local oscillator to produce the
required fixed intermediate frequency.
Thus there are two sections to be con-
sidered in the frequency-changer stage—
the mixer and the oscillator. Usually the
two functions are combined in a single
valve, which may have a single cathode
stream, as in the heptode (or pentagrid) or
two separate cathode streams (obtained
from a single cathode), as in the triode-
hexode. In the latter case we have
virtually two separate valves in a single
envelope. It is quite possible to use two
entirely separate valves in the frequency-
changer stage, and this is actually done in
certain receivers. In this case a triode
is used as the oscillator and a pentode,
hexode or heptode as the mixer.

The output of the frequency-changer,
at intermediate frequency, appears in the
anode circuit of the mixer section, whence
it is fed to the next stage of the receiver,
the intermediate frequency amplifier, which
will be dealt with later.

Let us now consider in a little more
detail what happens in the frequency-
changer. We have seen that the incoming
signal is fed from the aerial circuit to a
tuned input circuit, and thence either
direct, or via a pre-selector stage of RF
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amplification to the frequency-changer.
The actual electrode to which it is fed is
known as the signal grid and its position
in the valve depends on the type of valve
which is ussd. In any case, the signal
modulates the cathode stream of the valve.

At the same time, the output from the
oscillator section of the frequency-changer
stage is also injected into the mixer section
of the stage, and also modulates the
cathode stream of the mixer. The effect
of this (which in some respects is similar
to the production of *“ beats” in audio-
frequency engineering) is to produce in the
anode circuit of the mixer signals of various
frequencies.

The main frequencies so produced are
one equal to the difference between the
signal and oscillator frequencies ; one
equal to the sum of the signal and oscil-
lator frequencies ; the original signal
frequency and the original oscillator
frequency.

In addition, other frequencies will be
present, produced as a result of the
combination of the fundamentals and
harmonics of the signal frequency and the
oscillator frequency.

Out of all these frequencies one only is
required, and that is the difference be-
tween the signal and oscillator frequencies.
All the others are undesired and are
fortunately sufficiently different from the
desired frequency to be blocked or filtered
out by the IF amplifier, which will have
fairly sharply tuned circuits.

To take a concrete numerical example,
we can assume a signal frequency of
1,000 KC/S (300 metres), and an oscillator
frequency of 1,450 KC/S. The four main
frequencies present in the anode circuit
of the mixer will be: Difference, 450
KC/S ; sum, 2,450 KC/S ; original signal,
1,000 KC/S ; oscillator, 1,450 KC/S.

Of these, the 450 KC/S signal is the
desired intermediate frequency, and it will
be appreciated that if the four frequencies
are passed to the IF amplifier, which will
be tuned to 450 KC/S, the unwanted
signals of 1,000, 1,450 and 2,450 KC/S
will not get through.

There is another point to be noticed,
however. In the example chosen the
oscillator frequency is higher by 450 KC/S
than the incoming signal frequency. But
suppose a signal of 1,900 KC/S reaches
the grid of the mixer when the oscillator
is producing a signal of 1,450 KC/S. A
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difference frequency of 450 KC/S will
again be produced, and this will also be
amplified in the IF stage.

This is known as an * image  signal,
and produces interference in the receiver
if the wanted signal of 1,000 KC/S and
the signal of 1,900 KC/S are of anything
like comparable strength. With a well-
designed receiver image interference is
negligible. If the input circuits are
sharply tuned, and particularly if a
pre-selector stage is incorporated, the
1,900 KC/S signal will be automatically
removed when the input circuits are
tuned to 1,000 KC/S, and thus prevented
from reaching the frequency-changer.

In view of the fact that the frequency
which produces an image differs from the
wanted signal frequency by twice the
intermediate frequency (1,900 — 1,000 —=
2 X 450), it will be appreciated that with
a low value of intermediate frequency
there is more chance of image inter-
ference. For instance, with an IF of
110 KC/S the signal producing an image
is only 220 KC/S away from the wanted
signal, whereas, as has been seen,
with an IF of 450 KC/S it is 900 KC/S
away.

That is largely the reason why a high
value of intermediate frequency is chosen
for modern receivers, particularly in cases
where there is only one tuned circuit in
front of the frequency-changer.

It will be noted that in the numerical
example quoted earlier the oscillator fre-
quency was assumed to be higher than the
signal frequency. As a matter of fact, it
practically always is, but for a definite
reason.

It will be obvious that, with a signal
frequency of 1,000 KC/S an oscillator
frequency of 550 KC/S would produce the
required intermediate frequency of 450
KC/S and it might be thought immaterial
whether the oscillator frequency were
made higher or lower than the signal
frequency. Actually, the higher oscillator
frequency is necessary for reasons con-
nected with the tuning of the circuit.

Suppose the wavelength range of the
set on the MW band is 200-500 metres.
This is equal to 1,500 to 600 KCJS, a
frequency range of 2-5 to 1, which can be
covered satisfactorily in a single band
with a standard tuning condenser.

If the oscillator frequency is always
higher than the signal frequency, and
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assuming an intermediate frequency of
450 KCJS, the oscillator will have to tune
from 1,950 to 1,050 KC/S, a frequency
ratio of about 1-9 to 1, which is also
easily covered in a single band.

If, however, the oscillator frequency is
always below the signal frequency, the
oscillator will have to tune from 1,050 to
150 KC/S, a frequency ratio of 7 to 1.
To cover this wide frequency range in a
single band is impossible by any normal
tuning method, and for this reason it is
necessary to arrange for the oscillator
frequency to be higher than the signal
frequency. Incidentally, this explains
why, when aligning the oscillator circuit
of a receiver, in cases where two * peaks >
or tuning points are noticed, that having
the higher frequency is usually the correct
one.

The other one corresponds to the
oscillator frequency being lower than the
signal frequency, and the frequency
separation between the two is twice the
value of the intermediate frequency of
the receiver.

The actual circuit arrangements of
typical frequency-changer stages must
next be considered.

OSCILLATOR ARRANGEMENTS

LTHOUGH there are many types of
frequency-changer circuits, we have
already seen that they have a number of
features in common. In all cases they
consist of an oscillator and a mixer
section, both the output of the oscillator
and the signal input being fed into the
mixer, where they produce the required
intermediate frequency signal.

In considering the oscillator section
first of all, it may be pointed out that in
practically all cases a triode oscillator
circuit is employed, in which the valve
used may be actually a triode, as in a
triode-pentode or triode-hexode. Alter-
natively, the oscillator triode may be
formed of the cathode and two adjacent
grids of the frequency-changer valve, as
in a heptode or octode. In this case the
grid adjacent to the cathode is the
oscillator control grid, and the next grid
to it acts as the oscillator anode.

The circuit used for the oscillator
usually consists of the familiar tuned coil
to which is inductively coupled a “re-
action ”’ coil. The coupling is fixed, and
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the size of the coil and the degree of
coupling is arranged by the designer to
secure self-oscillation of the circuit over
the whole of the waveband. Occasionally
other oscillator arrangements will be
found, but that described is the most
common.

The tuned coil may be in either the grid
or the anode circuit of the oscillator, while
the oscillator anode HT feed may be by
one of two different methods. Typical
skeleton circuits on the lines mentioned
are shown in Fig. 11a, b and c.

the correct degree of oscillation over the
whole waveband. If the HT voltage on
the anode were too low, dead spots might
be produced due to the oscillator ceasing
to function on certain parts of the band ;
on the other hand, with too high an anode
voitage, there is the possibility of har-
monics being produced in the oscillator
circuit, which will be productive of
whistles in the receiver, and must be
avoided.

The circuit of Fig. 11b is very similar
to that of Fig. 11a, but in this case it is

H o UNE HT . UNE HToUNE W74 UNE HTo UNE
R2 R4 Ré - -
0s¢, 05¢/ osc. os¢ s
';L & T, 'iL cs =C6 '£ = i cio % S
1 1 1t i
= —3
Al - 'y, i g Al -
R g R3 wics RS % gu g Fie
uy 2 L3f e Lsy Jue A7)
. =
P ci4
2gC9 RIC
a b < d e

Fig. 11, a to e. Five simplified examples of oscillator circuits. a—Tuned grid,

with parallel-fed anode circuit.

b—Tuned anode, with parallel-fed anode circuit.
c—Tuned grid, with series-fed anode circuit.

d and e—Two examples of tuned

grid circuits with capacitatively-coupled anode reaction.

Taking Fig. 1la first, this shows the
tuned grid oscillator circuit with a
parallel-fed anode circuit. It will be
noticed that the grid is returned to chassis
via the grid resistance R1. In practice,
where there is a bias resistance in series
with the cathode lead of the valve to
chassis, R1 will be returned to the cathode
of the valve, and not to chassis. This
applies to all the circuits shown.

C2 is the grid condenser, which is
always present when R1 is used. Typical
values for R1 and C2 are 50,000 ohms and
0-0001xF. L1, Cl form the tuned circuit,
only a single waveband being shown in
this, and the other diagrams. L2 is the
oscillator reaction coil, coupled inductively
to L1, and capacitatively by C3 to the
oscillator anode. The anode is fed with
DC from the HT line via R2, which is
almost invariably present, and breaks
down the full HT voltage to a suitable
lower value for the oscillator anode.

Actually R2 has to be chosen to suit
the valve and circuit, in order to secure
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the anode circuit L4, C5 which is tuned,
reaction being applied in the grid circuit
by L3. As before, the anode circuit is
parallel-fed.

Fig. 11c shows the other form of tuned
grid oscillator circuit, in which a series-
fed arrangement for the HT circuit is
employed. LS, C8 is the tuned circuit,
and L6 is the anode reaction coil. The
HT supply is now fed via R6, through L6
to the oscillator anode, so that the anode
current of the valve actually flows through
the anode coil. C9 (in conjunction with
R6) provides decoupling for the oscillator
anode circuit.

Occasionally it will be found that from
the junction of R6 and C9 a lead will be
taken for the HT supply to the screen of
the mixer, or the screen of the following
IF valve, or both.

Although the three oscillator circuits
shown in Fig. 11, a to c, are by far the
most common ones in use in modern sets,
they are not the only ones which may be
encountered. Some designers dispense
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with a separate reaction coil, and use in
its place capacitative coupling produced
by a condenser which is common to both
the grid and the anode circuit of the
oscillator.

One example of this is shown in Fig.
11d. R7 and CI10 are the grid leak and
grid condenser respectively, while L7, C11
are the tuning coil and condenser respec-
tively, The extra condenser C12 (which
is shown fixed, but may be pre-set) will
be noticed. This is primarily employed
as a tracker (or in American, a padder) to
keep the oscillator circuit out of step with
the signal circuit by a constant amount
(equal to the intermediate frequency).

The problem of the tracker will be
considered later, but meanwhile it is clear
that C12 is common to the grid and the
anode circuit of the oscillator. The grid
circuit is via C10, L7, and C12 to chassis ;
the anode circuit is via C12 to chassis.
C12 is, therefore, common to both, and
the two circuits are thus coupled.

The value of C12 is fixed by considera-
tions of its use as a tracker, but it usually
has a sufficiently large value, in con-
junction with a suitable oscillator anode
voltage, to produce the requisite degree
of oscillation over the whole waveband.
Occasionally, however, a combination of
reaction coil and common capacity will
be found on some wavebands in a receiver.

Since R8 and the oscillator anode are
isolated (as far as DC is concerned) from
chassis, there is no need for a blocking
condenser between the bottom of R8 and
the bottom of L7, though sometimes this
may be found.

Fig. 11e shows another variation of the
single coil oscillator circuit, in which it
is to be noted that the usual grid leak
and condenser are omitted. L8, Cl13 is
the tuned circuit, with C14 as tracker and
common capacity in grid and anode
circuit. R10 is used in place of the normal
grid leak, while C15 prevents leakage of
the HT supply to chassis, and also blocks
the anode voltage from getting to the
oscillator grid via L8.

Another arrangement for the oscillator
circuit is to use a single tapped coil for
tuning and reaction, the reaction section
being a continuation of the section which
is tuned.

It will sometimes be found that the
reaction circuit contains a resistor in
series or parallel with the reaction coil on

Oscillator Circuits
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one or more wavebands. This is done
to modify the reaction effect in certain
respects, for instance, to even out the
strength of the oscillations over the whole
waveband.

The circuits in Fig. 11 show only one
waveband, but for multi-waveband
receivers the principles are the same,
though extended to use extra coils,
trimmers and trackers, with switches to
select the correct coils and associated
components for each waveband.

EARLY FC CIRCUITS

AVING followed the incoming signal

up to the point where it is applied to
the frequency-changer, and having also
considered the circuit arrangements of the
oscillator section of the frequency
changer, it is now necessary to see how the
signal voltages and the oscillator voltages
are applied to the various types of
frequency-changer valves in order to
produce the required intermediate fre-
quency voltage.

In very early superhets in this country
a screened RF tetrode or screened RF
pentode was used as the frequency-
changer, and it was often termed the
* first detector,” since it made use of its
square-law detector characteristic to effect
a combination of the two frequencies
applied to it and thus to produce the
required intermediate frequency.

It is not proposed to go into the theory
of the operation of this type of frequency-
changer here, because it is quite com-
plicated. In any case, the student will
not come into contact with many receivers
incorporating this style of circuit, which
had lost its popularity by 1934, owing to
the introduction of specialised valves for
frequency-changing, which gave far
superior results in many respects.

However, for the sake of completeness,
a typical schematic circuit using a screened
tetrode is given in Fig. 12. Here it will
be seen that the signal input goes to the
control grid of the valve, while the
oscillator section consists of a parallel-fed
tuned anode coil inductively coupled to a
reaction coil, in the cathode circuit of the
valve, so that the oscillator voltages
produced in it appear on the cathode of
the valve, and thus modulate the cathode
stream. The required intermediate fre-
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quency signal appears in the anode circuit
of the valve, whence it is fed to later
stages of the receiver.

In the case of battery receivers, coupling
coils were introduced in series with the
filament circuit of the first detector, and
there was usually one coil in each filament
lead. Obviously, in this case the coils
had to be of fairly heavy gauge wire in
order to keep their resistance low so that
it had a negligible effect on the voltage
reaching the filament.

Sometimes, in cases where a screened
RF pentode was employed, the oscillator
coupling coil was in series with the screen
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Fig. 12—Early frequency-changer circuit
using a screened tetrode.

circuit or the suppressor circuit, thus giving
screen or suppressor injection of the
oscillator frequency. Such circuits were
not very common, however.

One of the first multiple valves to be
used for frequency-changing was the
original type of triode-pentode. This
consisted virtually of two entirely separate
valves in a single glass bulb, the only part
common to both sections being the heater/
cathode system. A similar performance
could be, and sometimes was, achieved by
using two separate valves, a triode acting
as oscillator and a screened pentode as
mixer.

The schematic circuit of the original
type of triode-pentode is shown in Fig. 13a.
It will be seen that the two sections of the
valve are quite separate except for the
heater and cathode. The signal voltage
is fed to the control (first) grid of the
pentode. The screen (second grid) is fed
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as usual from a resistance, while the
suppressor (third grid) is connected
externally to the cathode of the valve.

The oscillator section has a parallel-fed
tuned anode coil, coupled to another coil
in the cathode circuit of the valve, and
cathode injection of the oscillator signal
is thus used. The oscillator grid (grid of
the triode) is connected via the grid
resistance R1 and the parallel grid con-
denser C1 to the bottom of the cathode
coil, this point being connected via the
bias resistance R2 and by-pass condenser
C2 to chassis. The IF signal appears in
the anode circuit of the pentode mixer
section.

The circuit of the later type of triode-
pentode is shown in Fig. 13b for com-
parison. The battery version is shown
because it was in this form that the valve
was most used. It will be observed that
(apart from the difference between the
heater/cathode and filament circuit) there
is an important difference between the
two valves, namely, that in the later type
there is an internal connection between
the two sections, the oscillator grid being
connected to the pentode suppressor. The
coupling between the two sections is thus
performed internally, and the system is
said to operate by suppressor injection.

Since no external coupling is necessary,
the oscillator circuit naturally differs from
that of Fig. 13a. It will be seen that as
shown the oscillator has a tuned-grid
circuit, with parallel-fed reaction coupling,
but almost any of the circuits described in
the preceding section on oscillator arrange-
ments could be used.

Before proceeding to later developments
in the type of frequency-changer which
uses what are virtually two separate valves
in the same envelope, there is one impor-
tant type which does not come under this
heading, and which was extremely popular
for a number of years, and is still used in
some sets. This is the heptode, or
pentagrid.

As its name suggests,
electrodes (counting the filament or
heater/cathode assembly as one), of
which five are grids. The valve of course,
employs a single electron stream, which
distinguishes it from the type of frequency-
changer which has two separate electrode
systems and two electron streams.

Coupling between the incoming signal
and the local oscillator occurs in the

it has seven
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electron stream of the valve, and therefore
the valve is said to employ electron coup-
ling, instead of the electrode injection
system used in most of the dual types of
frequency-changer valves. A diagram of
the valve, showing the various electrodes,
is in Fig. 14.

Of the various grids in the heptode
frequency-changer, the first (nearest the
cathode) is the oscillator control grid,
while the second acts as the oscillator
anode, so that the oscillator section is
really of the triode type. In addition,
however, the oscillator anode acts as the
modulating electrode for the electron
stream. Grids 3 and 5 are connected
together inside the valve and form screens,
the third grid screening the oscillator
section of the valve from the mixer section.

The fourth grid is the mixer control grid,
to which the incoming signal is applied ;
next comes the fifth (screen) grid already
mentioned, then finally the mixer anode,
in whose circuit the IF signal appears. It
will be noted that the mixer section has
no actual cathode, but utilises the electron
“cloud " which forms between grids 3
and 4 as a virtual cathode.

This cloud is due to a proportion of the
electrons which escape through grid 2 (the
oscillator anode) in pulses determined by
the frequency of the oscillator. They are
attracted through the screen grid 3, and
supply the operating power for the mixer
section of the valve.

Since the electrons arrive in pulses from
the oscillator section with a frequency

determined by the oscillator circuit, the
virtual cathode of the mixer is similarly
varying, and so modulates the mixer

G4
MIX. CONT. G. 9

VIRTUAL
CATHODE
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Fig. 14—Diagram of the electrode
system of a heptode frequency-changer.

section of the valve at the oscillator
frequency to produce the required inter-
mediate frequency. It should be noted
that there is no external coupling between
the oscillator and mixer sections of this
type of valve.

The external circuit of this type of valve
does not differ greatly from that of the
triode-pentode circuit of Fig. 13b. It is
shown in Fig. 15, with the tuned-grid
type of oscillator circuit, although any of
the arrangements already described may
be employed. The signal voltage is fed
to the fourth grid. The oscillator anode
(grid 2) receives its anode voltage from
the HT line via a dropping resistance ;
the screens are similarly fed from another

H T + UNE

HT+UNE

3
— cas i §g
= Clee R2
] )
a
Fig 13, a and b. a—Circuit using the original type of triode-pentode. b—The later

type of battery triode-pentode, with internal coupling.
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resistance, which is provided with a
decoupling condenser to chassis. Oc-
casionally the oscillator anode and the
screens are fed from the same resistor,
but this is not usual.

HT +LINE i
T

Fig. 15—Circuit arrangement em-
ployed with a heptode frequency-
changer.

The heptode frequency - changer

attained wide popularity, and so did
another valve, similar in principles. This
is the octode, which has one additional
grid, between the fifth grid of the heptode
and the mixer anode. This grid is used as
a suppressor, and modifies the charac-
teristics of the valve. It is connected
internally to the cathode of the valve, and
therefore does not produce any complica-
tion in the circuit. At a in Fig. 16 is
shown the symbol for a mains heptode,
while at b the octode is shown to enable
the electrode systems in the two to be
compared.

MODERN FC VALVES

URNING now to later types of

frequency-changers with double elec-
trode systems and two electron streams,
we come to the triode-hexode, which
logically follows the later type of triode-
pentode mentioned in the last section.
The electrode arrangement of the triode-
hexode is shown in Fig. 16c. It will be
seen that the hexode mixer section has the

input signal applied to the first grid.
Grids 2 and 4 are internally connected,
and form screens. Grid 3 is the injection
electrode, and is internally connected to
the grid of the triode section of the valve
(oscillator grid).

Apart from the differences inside the
valve, the circuit of a triode-hexode
frequency-changer is similar to the triode-
pentode circuit shown in Fig. 13b.

It is quite possible to use a separate
triode oscillator and an RF hexode mixer
as a 2-valve frequency changer. This
is occasionally done in the case of battery
operated superhets. The circuit arrange-
ment is the same as when a dual valve
is used, except that a connection from the
grid circuit of the triode to the third
grid of the hexode serves to inject the
oscillator voltage into the mixer. The
second and fourth grids of the hexode
are connected together externally and are
used as screens, as in the dual valve.

Another dual valve is the triode-
heptode, of which the electrode arrange-
ment is shown in Fig. 16d. The only
difference to be noted is the extra sup-
pressor grid, connected internally to the
cathode of the valve.

The triode-heptode circuit can also be
employed with separate valves, a triode
oscillator and a heptode mixer. A
mains heptode (the 6L7G) was produced
in America especially for this purpose.
Its electrode arrangement is shown in
Fig. 16e, and the valve must not be
confused with the ordinary heptode
frequency-changer (c.f. Fig. 14 and Fig.
16a). It will be observed that it is identical
with the heptode section of Fig. 16d.
One way of using the heptode mixer is
to couple the anode circuit of the triode
oscillator to the injector grid (grid 3) of
the heptode via a condenser.

Finally, to complete this review of
frequency-changers, mention must be
made of a new type of triode-hexode, the
6K8. This has a cathode, entirely sur-
rounded by a grid, and two anodes, one
on each side of the cathode. The grid
surrounding the cathode acts as the
oscillator grid on the side nearest the
oscillator anode, and as a modulating
grid on the opposite side of the cathode,
where it forms the first grid of the mixer.
Next comes a screen entirely surround-
ing the signal grid (being thus equivalent
to two ordinary screens connected
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together), and finally the mixer anode.
It is not easy to show this form of con-
struction correctly in an ordinary valve
diagram, but that shown in Fig. 16f is as
clear as any.

The point to be noticed with regard to
all these types of frequency changers is
that from the operational point of view
the external circuit does not vary to any
considerable extent, the differences lying
mainly in the connections to the particular
valve employed. The only exceptions to
this are the very early types of valve where
external coupling coils were necessary. Of
course, the constants of the circuits vary
from valve to valve, but this is a matter
for the designer rather than the student
or service engineer.

OSCILLATOR TRACKING

IT was pointed out in the section dealing
with the principles of frequency-chang-
ing that in order to produce the desired
intermediate frequency signal in a super-
het receiver the oscillator circuit must be
tuned to a frequency differing from the
signal frequency by a constant amount
equal to the value of the intermediate
frequency of the receiver, and that usually
the oscillator frequency will be higher
than the signal frequency.

Consequently, as one tunes over each
waveband with the signal-frequency tuning
condenser, the oscillator tuning must be
varied at the same time, so that the
constant difference in frequency is main-
tained. Naturally, in a modern receiver
where one-knob tuning is essential, the
signal-frequency and oscillator tuning
condensers must be ganged so that they
rotate together.

At first sight it might seem a simple
matter to ensure a constant frequency

Frequency Difference

difference between the two circuits over
the whole waveband, but actually it is
quite a difficult problem. Using two
variable condensers of the * straight-line-
capacity ”’ type, and arranging for the
moving vanes of one to be displaced
relative to those of the other by a certain
amount gives a constant capacity differ-
ence over the whole tuning range, and by
suitably adjusting the displacement the
desired frequency difference between the
two tuned circuits can be secured ar one
point on the scale, and at this one point
only.

This is because the frequency of a
tuned circuit is, for a given coil induct-
ance, inversely proportional to the square
root of the capacity of the tuning con-
denser. In other words, a capacity
difference which produces a certain
frequency difference at one setting of the
ganged condensers does not produce the
same frequency difference at any other
setting.

One way of getting over this difficulty
is to use a special gang condenser with
plates shaped in such a way that the
frequency difference between the two
tuned circuits is the same at every setting
of the gang. This is a solution which is
sometimes employed, and the fact can
be verified by anyone who cares to com-
pare the oscillator section of the ganged
tuning condenser with the other section
or sections.

It will often be found that the oscillator
section is somewhat smaller, and has
vanes shaped differently from those of
the section(s) tuning the signal-frequency
portion of the set. Sometimes the moving
vanes are altered in shape, while in other
cases the fixed vanes are altered.

However, specially shaped plates are
not a complete solution of the problem.
For one thing, a certain shape will only

Fig. 16, a 1o f.

—Six examples of valves us
b—octode ;

c—triode-hexode ;

d—triode-heptode ;

a—heptode ;

ed for frequency-changing. y;

e—6L7 heptode mixer ;

6K8 triode-hexode.
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give the constant requency difference on
one waveband ; it fixes the frequency
difference (and hence the intermediate
frequency of the receiver); it is only
applicable to a certain value of oscillator
tuning coil inductance ; and it will be
upset by changes in stray capacities and
inductances in the circuit.

None of these disadvantages, except
the first, is serious in a commercial mass-
produced receiver, which can be designed
round the condenser, and will not vary
in its constants to any appreciable degree.
The fact that the condenser will only
opcrate correctly on one waveband is a
serious matter, however, and to get over
this difficulty a technique is adopted which
is equally applicable to normal condensers,
and to all wavebands.

This technique is known variously as
tracking or padding. Both words in this
connection mean the same thing, namely,
the adjustment of one tuned circuit rela-
tive to another to give a constant difference
of frequency between the two.

Where a gang condenser with specially
shaped plates is used, the shaping is
usually designed to give correct tracking
on the medium waveband. For other
bands, additional corrective condensers
have to be employed, in a manner now
to be described.

The second and more flexible (and
therefore more commonly used) method
of getting one tuned circuit to * track ”’
with another to give a constant frequency
difference is to use a gang condenser in
which all the sections are identical, and
to adjust the tuning characteristics of the
oscillator section by suitable additional
condensers.

As was seen in an earlier section, the
ratio between the minimum and maximum
frequency of the oscillator on each
waveband is less than that of the signal
frequency circuits, which means that the
ratio between the minimum and maximum
capacity of the oscillator tuning con-
denser must be lower than that of the
other tuning condensers.

Using a gang condenser with identical
sections, the capacity ratio of the section
uwsed for oscillator tuning can be de-
creased either by increasing the minimum
capacity of the section, or by decreasing
the maximum capacity.

The minimum can be slightly increased
by connecting a small condenser in

parallel with the oscillator section of the
gang, since capacities in parallel are
additive ; the maximum can be slightly
decreased by connecting a large con-
denser in series with the oscillator section
of the gang, since the capacity of two
condensers in series is always less than
that of either of the individual condensers.

In practice a combination of the two
methods is used. The adjustment of the
small parallel condenser at the higher
frequency end of the scale (minimum
capacity) permits us to get the oscillator

Fig. 17.—Left, the basic oscillator
tracking circuit. Right, a practical
arrangement.

circuit tuning correct at this point, with-
out seriously affecting the other end of
the scale. At the lower frequency
{maximum capacity) end of the scale, the
adjustment of the large series condenser
allows the oscillator circuit tuning to be
corrected here, without appreciably
affecting the higher frequency end of the
scale.

Thus we now have two points on the
scale, one at the top and one at the
bottom, at which the signal frequency
and oscillator circuits are correctly
 tracked ™ relative to each other. The
accuracy with which the circuits track
over the rest of the scale now depends
on careful choice of the value of the
inductance of the tuning coil, the value
of the parallel condenser and the value
of the series condenser.

The method whereby the optimum
values can be calculated will not be gone
into here, but it may be said that by
careful choice of the values, correct
tracking may be secured at three points,
with only very slight deviation, negligible
in practice, at points between them.

So far only a single waveband bhas
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been considered. When two or more
wavebands are covered by the receiver,
it is quite impossible to choose values of
parallel and series condensers such that
tracking will be correct on all wavebands.

If the condensers are correct on the
MW band, then on the LW band it will
be necessary to use a larger parallel con-
denser and a smaller series condenser.

The basic oscillator tuning circuit is
shown on the left of Fig. 17. Here L is
the oscillator tuning coil, Cl is the
oscillator tuning condenser (a section of
the gang condenser), C2 is the oscillator
parallel trimmer, and C3 the oscillator
series tracker. One possible practical
arrangement is shown on the right of
Fig. 17, where the components are
similarly lettered ; it is electrically iden-
tical with the basic circuit, and in each
case C3 is effectively in series between
Cl and L.

It is customary to refer to the parallel
condenser as the * oscillator trimmer,”
while the series condenser is referred to
as the * oscillator tracker,” enabling the
two to be distinguished. Sometimes fixed
trackers or trimmers are used, either
alone, or in conjunction with variable
ones for adjustment purposes.

Naturally, in a multi-band receiver
switching has to be introduced to bring
the appropriate trimmers and trackers
into circuit on the various wavebands.

In modern receivers using iron-dust
cored coils, it is often found that, whereas
a parallel trimmer condenser is used for
adjustment at the higher-frequency end
of the scale, tracking at the lower-
frequency end of the scale is carried out
by adjusting the coil core, and hence the
inductance of the coil. In this case there
is usually a fixed series condenser in place
of the usual variable one.

Short-wave oscillator coils often have
provision for tracking at the low-fre-
quency end of the scale by adjustment of
a loop of wire or by displacement of the
end turn of the coil winding to vary the
inductance of the coil.

As has already been explained, ad-
justment of the oscillator parallel trim-
mer is always carried out at the high-
frequency (low-wavelength) end of the
scale, usually at 1,400 KC/S (214 m) on
MW, and 300 KC/S (1,000 m) on LW.
The series tracking (or inductance adjust-
ment) is carried out at the low-frequency

(high-wavelength) end of the scale, usually
at 600 KC/S (500 m) on MW, and 150
KC/S (2,000 m) on LW.

IF AMPLIFIERS

THE last section completed our con-
sideration of the frequency-changer
stage of a superhet, and we have arrived
at the point where we have the inter-
mediate frequency signal present in the
anode circuit of the frequency-changer.
As has already been seen, this signal must
be amplified in the next stage of the set,
namely, the IF amplifier.

It was pointed out earlier that this
stage in most simple superhets provides
the bulk of the amplification, and also
controls the selectivity of the receiver to
a large degree. Furthermore, it is one
of the stages to which the AVC voltage
of the receiver is applied.

The IF stage is tuned to the fixed in-
termediate frequency of the receiver, and
its tuning is therefore not normally
altered, except when re-alignment of the
receiver is called for.

In most modern superhets the IF
amplifier consists of a single stage using
an RF pentode or tetrode valve of the
variable-mu type. In a few cases two IF
valves are employed, which arrangement
has the advantage of providing extra
amplification, besides permitting more
satisfactory response curves to be obtained.

With a single stage, high gain is essen-
tial in order to secure the maximum
overall amplification, and unless care is
taken in the design a very slight fault
may produce incipient or actual insta-
bility, with distortion and other troubles.

In the IF stage it is necessary to couple
the anode circuit of the preceding fre-
quency changer to the grid circuit of the
IF valve, and the anode circuit of the
IF valve to the following stage, which is
the second detector or demodulator. In
practically all cases the coupling is by
means of [F transformers having tuned
primary and tuned secondary windings.

Fig. 18 shows the basic IF stage using
a single valve and two tuned-primary,
tuned-secondary air-cored transformers.
Screen supply, bias arrangements and
AVC feed are omitted. The anode cir-
cuit of the frequency-changer valve is
coupled by the first transformer Cl, L1,



Radio Circuits

L2, C2 to the grid circuit of the IF
valve, while the anode circuit of this
valve is coupled via the second trans-
former C3, L3, L4, C4 to the second
detector stage of the receiver.
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Fig. 18—Skeleton IF circuit showing
the transformer couplings.

The circuit in more practical form is
shown in Fig. 19. Here the valves and
couplings are the same as in Fig. 18, but
the additional components which go to
make up the complete circuit have been
added. RI1 is the screen feed resistance,
and C6 the screen decoupling condenser.
The suppressor is connected externally to
the cathode of the valve, and the cathode
is returned to chassis via R2 which forms
a bias resistor for the IF valve. This
fixes the minimum bias which the valve
receives when the signal is so weak that
the AVC voltage is negligible.

If R2 were not present it would be
possible for the bias under no signal
conditions to fall to zero, which might
cause instability in the stage. Usually the
value of R2 is between 100 and 600
ohms, and the resistance is shunted by
the condenser C7, which generally has a
value of about 0-1 uF. ,

The AVC bias in the case under con-
sideration is series fed from the AVC
line, via R3 and the secondary of the
first IF transformer, to the control grid
of the IF valve. CS5 is a decoupling con-
denser (about 0-1 #F) which places the
bottom of the secondary of the first IF
transformer at chassis (earth) potential
as far as intermediate frequency voltages
and currents are concerned. It is in place
of the direct connection shown in Fig. 18.
R3 is a decoupling resistance which may
have a resistance between 250,000 ohms
and 2 megohms, a value of 500,000 ohms
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being common. Sometimes, however
this resistance is omitted.

Turning now to the IF transformers
themselves, these are designed in such a
way that the desired response curve is
obtained when they are correctly ad-
justed. In their simplest form they con-
sist of the two coils mounted on a former
and spaced so that the desired degree of
coupling between them is obtained.
Each winding is tuned by a pre-set
variable condenser, adjustable by means
of a screw or nut. The complete assembly
is mounted in a screening can with holes
in it giving it access to the trimmer
condensers.

Occasionally the tuning is carried out
by fixed condensers having very small
variable types connected in parallel with
them. In a few cases the IF transformers
are tuned at the works with fixed con-
densers only, and they are therefore not
intended to be subsequently adjusted.

So far we have considered only air-
cored IF transformers. The modern
tendency, however, is to use iron dust
cored coils for greater efficiency and
compactness. In this case the coils may
have fixed cores, and are tuned with pre-
set condensers or, more commonly, they
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Fig. 19—Completed transformer-
coupled IF stage.

may bhave adjustable cores. The move-
ment of the iron-dust core in or out of
the coil by a screw adjustment gives a
fine and smooth adjustment of the
inductance of the coil. By shunting the
coil with a fixed condenser to form the
tuned circuit, the adjustment of tuning
may be carried out by means of the coil
cores,

This type of transformer usually has a
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high degree of stability of tuning, which
is important in the case of fixed tuned
circuits as employed in the IF stage of
a receiver. The three types of transformer
described are shown in diagrammatic
form in Fig. 20.

The first and second IF transformers
in a receiver are not necessarily identical,
and, in fact, for optimum results their
design must be slightly different. It may
be found that the two are wound with
different types of wire to give different
inductances and * goodness > factors. If
the inductances are different, the capacity
of the tuning condensers will also have
to be different, since the frequency of the
tuned circuit must remain the same.

In some cases one or more of the wind-
ings may be of resistance wire to provide
the degree of damping required by the
designer. In other cases fixed resistors
are shunted across one or more of the
windings to modify the response to the
desired degree.

Again, it is quite common for a tapped
secondary to be used to reduce the load-
ing of the next part of the circuit on the
secondary, or to prevent overloading of
the next stage. In most cases, however,
the IF transformers will be found to be
simple 1 to 1 ratio components.

Although straightforward tuned trans-
formers with fixed critical coupling be-
tween primary and secondary windings
are the IF couplings used in the majority
of receivers, the service engineer or
student will occasionally come across
variants. For instance, an untuned choke
coupling has been used in certain simple
receivers.

Sometimes extra (capacitative) coupling
between the two windings of a transformer
is introduced in order to modify the

response curve. This, if used, consists of
a small fixed condenser (a few micro-
microfarads) connected from one side of
the primary to one side of the secondary.

Occasionally the desired response of the
IF coupling is secured by using a triple-
tuned transformer, consisting of a tuned
primary coupled to a tuned secondary,
to which is coupled the third tuned
winding, the tertiary. In this case the
secondary has no external connection,
except that one side of it is sometimes
earthed. The arrangement is shown in
Fig. 21.

The IF stages of a receiver are adjusted,
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Fig. 21—Triple-tuned IF coupling.

as mentioned earlier, to the intermediate
frequency of the receiver. In most cases,
each winding will be tuned so that it
peaks, that is, gives the maximum output
at the intermediate frequency.

This does not apply in all cases, how-
ever, for some manufacturers arrange for
each winding to be adjusted slightly
differently, Thus, in the case of an inter-
mediate frequency of 125 KC/S, the
primary may be tuned to 123 KC/S and
the secondary to 127 KC/S.

The effect of this, which is known as
 staggered ” tuning, is to provide a
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Fig. 20—Three types of IF transformer in diagrammatic form.
Centre, with iron-dust cored coils and variable
Right, with coils having adjustable iron-dust cores, and fixed

coils and variable trimmer condensers.
trimmer condensers.

Left, with air-cored

trimmer condensers.
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broader overall response in the coupling,
so that a wider band of frequencies is
amplified and fpasscd on, thus improving
the quality of the reproduction, while
necessarily reducing the selectivity.

VARIABLE SELECTIVITY

OTHER variants of the simple IF trans-
former couplings are to be found in
receivers which incorporate arrangements

method of indicating variable coupling
g;‘ the mechanical type is shown in Fig.

a.

This mechanical method of securing
variable selectivity enables a continuously
variable adjustment to be made, so that
any required combination of selectivity
and fidelity can be achieved. In practice,
however, such fine adjustments are rarely
necessary.

The second method of securing variable
selectivity is by altering the degree of
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Fig. 22,a to c—Three examples of variable ;lecn'vity couplings.

for securing variable selectivity. Since
the IF circuits largely control the selec-
tivity of a superhet receiver, it is by
adjustment of these circuits that variable
selectivity can most readily be achieved.
By altering the coupling between primary
and secondary windings the response can
be varied at will. A weak coupling gives a
narrow response curve, and, therefore,
high selectivity ; a tight coupling broadens
the response and gives high fidelity.

The methods of altering the IF trans-
former coupling in order to vary the
response differ from set to set, but in
principle they come under two broad
classifications.

First of all, there is the fairly obvious
method of mechanically altering the
relative positions of the primary and
secondary coils. The closer they are
together on the same axis, the tighter
will be the inductive coupling. Conse-
quently, if we arrange for one coil to be
capable of movement along a guide to-
wards the other, we shall obtain variable
selectivity. This movement can be
achieved by an arrangement of levers,
pulleys or a Bowden flexible wire, and
usually a rotary knob control is fitted.
Another mechanical arrangement is to
rotate one of the coils relative to the
other, which is another way of varying
the coupling between them. The usual

coupling electrically, and usually this is
done by switching. It is therefore not
continuously variable ; usually two or
three selectivity positions are provided,
which are chosen to give a useful com-
promise.

One example of this method is shown
in Fig. 22b. Here L1 is the primary coil,
L2 the secondary, while L3 is a small
additional coupling coil for varying the
selectivity, and S1, S2 are the switches.
When S1] is closed, S2 is open, and the
transformer is of the normal type. When
S1 opens, however, S2 closes, and L3 is
in series with L2, and provides the
change in selectivity. Depending on the
sense of the winding of L3, the selectivity
may be increased or diminished when L3
is in circuit. Sometimes a resistance is
also included in series with L3.

Another form of circuit for varying the
coupling is shown in Fig. 22c, Here LS
and L6 are the normal primary and
secondary windings, tuned in the usual
way. L4 and L7 are two small extra
coils coupled to LS and L6 respectively,
and switched by S3 and S4, When S3
is closed, S4 is open, and L4 (with con-
denser C across it) is coupled to the
primary. When S3 is open, S4 is closed,
and L7 (with C across it) is coupled to the
secondary, Here again two alternative
selectivity positions are provided.
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Other variable selectivity circuits are
sometimes used, and are all designed so
that when changing from one position to
the other there is no appreciable change
in the frequency to which the IF trans-
former is tuned, which is naturally very
desirable.

In most cases the variable selectivity
arrangements are applied to one trans-
former only, usually the first ; the second
transformer is then of the normal type.
It might be thought at first that, in pass-
ing a wide band signal from the first
transformer to the more sharply tuned
second one, the advantages of the first
transformer would be lost, but this is not
so, because the overall selectivity of
the set depends on the characteristics of
both transformers taken together, and a
broadly tuned coupling in combination
with one which is sharply tuned will
always give a broader resultant signal
than will two sharply tuned couplings.

When aligning a variable selectivity
receiver it is usual to adjust the IF
transformers when the set is switched for
maximum selectivity.

DEMODULATION CIRCUITS

E have now arrived at the point

where the IF signal, amplified to the
requisite degree, is present at the secondary
of the final IF transformer.

It should be clear that this signal is
in form very similar to the incoming
signa! picked up by the aerial, the main
differences being that it is considerably
greater in strength, and, due to the fre-
quency-changing process, its carrier is at

a lower frequency, equal to the inter~
mediate frequency of the receiver.

In form, however, it still consists of
a carrier signal modulated by the original
audio frequencies which were impressed
on the signal at the transmitter. Although
the original signal has already undergone
several changes in the early stages of the
set, the audio frequency modulation
remains as it was, except for amplification
and for any slight changes, such as a
reduction of the very high modulation
frequencies, caused by sharp tuning in
the stages it has passed through.

When it leaves the IF stages of the
receiver, therefore, the signal has to be
demodulated, rectified or ** detected,” just
in the same way as the amplified signal
in a ** straight ” receiver must be rectified
before the AF content can be used.

The most common method of demodu-
lation in a modern superheterodyne
receiver is by the use of a diode valve, but
early models used triodes, tetrodes, or
pentodes for this purpose, while a metal
rectifier has also been employed.

Skeleton circuits of early superhetero-
dyne demodulators are shown in Fig. 23.
At a is the cumulative grid detector, using
a triode valve, although a tetrode or
pentode was sometimes employed. This
arrangement has the usual grid condenser
(about 0-0001 uxF) and grid resistor
(about 1 megohm). The cathode of the
valve is generally returned to chassis,
although in some cases a small bias is
applied to the valve. The AF modula-
tion appears across a load in the anode
circuit of the valve (shown by a square),
from which it is taken to the next stage.

At Fig. 23b is shown an RF pentode,
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Fig. 23, a to c—Three examples of demodulator (second detector) circuits used in
early commercial superheterodynes.
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used as an anode bend type of detector,
the valve being suitably biased by means
of a cathode resistor (with by-pass con-
denser). The screen-grid supply is omitted
for clarity. Again the AF signal is
available in the anode circuit of the
valve. This type of detector is uncommon,
and will rarely be encountered, except
in a few very old models.

The Westector metal rectifier circuit,
shown in skeleton form in Fig. 23c, while
not at all common, is actually a very close
approach to the diode circuit which is
now almost universal. This is under-
standable, for the Westector is actually
a diode valve, though not of the therm-
ionic type. The circuit, it will be seen,
is quite simple.

The Westector is connected, in series
with a resistor, across the last IF trans-
former secondary. The resistance forms
the load across which the AF voltage is
developed. Across it is a small fixed IF
by-pass condenser which shunts any
residual IF signals to chassis. The value
of the resistor is usually about 500,000
ohms, and that of the condenser about
0-0001 4F. From the high potential side
of the load resistance the AF output can
be taken and passed on to the next stage
of the receiver,

It is now necessary to consider what
may be termed the standard super-
heterodyne demodulator arrangement,
using a thermionic diode. It should be
pointed out that the rectifier diode is
rarely found as a separate valve on its
own. It usually forms part of a multiple
valve, such as a double diode, a double
diode triode or a double diode pentode.

As we are only concerned at the moment
with the signal diode section, the remain-
der of the multiple valve will be neglected
for the present.

At a in Fig. 24 is shown the simplest
diode demodulator circuit. One side of
the final IF transformer secondary is
connected to the diode anode, the diode
cathode is returned to chassis, and the
other side of the IF secondary goes, via
the load resistance R1, to chassis. Across
R1 is the by-pass condenser Cl. Refer-
ence to Fig. 23c will show the resemblance
between the Westector and the diode
circuit.

R1 and Cl usually have values of
500,000 ohms and 0-0001 uF respectively,
and the AF voltage is available across
R1, being taken off from the junction
of R1, CI and the IF secondary.

Fig. 24b shows an arrangement in
which the load resistance R2 is in the
form of a potentiometer, from the slider
of which the AF feed is taken. It is clear
that with the slider at the top of R2 the
circuit is the same as that of Fig. 24a, but
as the slider is moved down towards
chassis the voltage tapped off from R2
progressively decreases, until with the
slider at the bottom of R2 the voltage is
zero. Thus the potentiometer acts not
only as the load resistance, but also as a
manual AF volume control. C2 is the
usual IF by-pass condenser.

Fig. '24b also shows a series resistance
R3 in the AF feed, which is sometimes
employed as an IF stopper, to prevent
any residual IF signal from reaching the
AF section of the receiver. R3 usually
has a value of about 100,000 ohms. C3
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Fig. 24, a to c—Variations of the modern diode demodulator circuit.

The diode

usually forms part of a multiple valve.
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is the AF coupling condenser, which was
not shown in Fig. 24a, but is nevertheless
necessary. The reason is that, in addi-
tion to the AF voltage present across the
load resistance, there is also a DC voltage,
produced by rectification of the IF carrier,
which must be blocked and thereby pre-
vented from reaching the AF stages.
The value of C3 is usually between
0-005 uF and 0-02 uF.

Incidentally, the rectified DC voltage
mentioned above is sometimes used for
automatic volume control purposes where
a separate AVC rectifier is not employed.

Finally, in Fig. 24c is shown a slightly
more claborate signal rectifier circuit.
Here RS is the load resistance with its
IF by-pass condenser C6. R4 and C4
are an IF stopper and an extra by-pass
condenser respectively. C5 is the AF
coupling (and DC blocking) condenser.
Typical values are C4, C6, 0-0001 uF ;
C5, 0:01 uF ; R4, 100,000 ohms; RS,
500,000 ohms.

The diagrams shown do not exhaust
the possible signal rectifier arrangements,
but they show the principle of the circuit.
Alternative circuits usually have those of
Fig. 24 as a basis, but sometimes more
elaborate IF filter circuits are used, and
slightly different connections may be em-
ployed. From the service engineer's and
student’s points of view, the main thing
is to locate the load resistance and AF
coupling condenser, which are the key
components.

In most cases, automatic volume con-
trol will be employed, and as this is often
interlinked with the demodulator circuit,
it will be considered in the next section.

AVC PRINCIPLES

HE automatic volume control circuit

is employed in one form or another

in practically every modern superhet, and
is often associated with the demodulator.
It seems opportune at the moment, there-
fore, to leave the continuation of the
main circuit for a time, and to consider
the automatic volume control arrange-
ment, which really forms a branch circuit.
Automatic volume control was intro-
duced originally to minimise the effects
of a fading input signal which previously
involved more or less continuous opera-
tion of the manual volume control in

order to keep the output volume fairly
constant.

The automatic control achieves this by
variation of the gain of one or more of
the stages preceding the second detector,
for which reason it is argued that the
system is more accurately described as
““ automatic gain control.” However, in
popular parlance it will always be known
as automatic volume control, or, abbre-
viated, AVC.

The principle of operation of a simple
AVC circuit is not difficult to understand.
It depends on the fact that the ampli-
fication of a variable-mu valve (and
hence the gain of the stage in which the
valve is used) is controlled by the value
of its grid bias.

As the negative bias of the valve is
increased, the amplification factor falls
in a smooth and regular manner.

Consequently, if it can be arranged
that an increase in negative grid bias is
produced by an increase in input signal
strength, not only can matters be adjusted
so that the gain of the stage is reduced
to keep the signal output roughly con-
stant, but at the same time the stage is
made capable of handling the increased
input without overloading.

The method consists in feeding a
suitable negative control bias to the
early stages of the receiver, and now we
have to consider how the control voltage
is derived.

In order to provide effective control a
negative voltage of up to 20V or more
may be necessary and, of course, since it
has to be used for bias purposes, it must
be a DC voltage. In order to obtain this
voltage, it is usual to make use of the
IF output of the receiver, rectify it, and
feed back the rectified voltage to the grid
circuits of the valves which are to be
controlled.

The AVC rectifier is invariably a diode,
which may be the same one as is used for
the signal rectification, or, more often, a
separate AVC diode, which forms part of
a double diode valve, a double diode
triode or a double diode pentode.

The simplest possible AVC circuit is
shown in Fig. 25. A diode valve is used
as the rectifier, and R1 is the diode load
resistance. The signal is applied to the
diode circuit from the secondary of the
last IF transformer, and is rectified.

The rectified current, which consists of
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DC due to the carrier, on which are
superimposed AF currents due to the
modulation, flows through R1, and there-
fore produces a voltage across it. At the
point A the voltage will be negative rela-
tive to the cathode of the diode, which
is at earth potential.

This is because in the conducting state
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Fig. 25—The simplest AVC circuit,
using a single diode for signal and AVC
rectification.

AF,

of the diode negative electrons flow from
cathode to anode, and leak away via the
secondary of the IF transformer and R1
to earth.

Consequently, at point A we have a
DC voltage proportional to the mean
value of the signal carrier, together with
AF voltages due to the modulation. If
we apply this DC voltage as bias to the
grid circuits of the valves to be con-
trolled, it is clear that as the signal
through the receiver increases, the nega-
tive bias will increase, and this will reduce
the amplification of the variable-mu
valves, and hence the sensitivity of the
stages in which they are situated.

This, in turn, will lower the signal at
the diode, and the control bias will be
reduced until a balance occurs. In theory,
therefore, whatever the value of the
input signal, the output will remain
constant. In practice, this is not perfectly
true, and there are several difficulties to
be overcome, as will be seen later.

It will be noted at this point that Fig.
25 is the same as Fig. 24a, but with the
addition of R2 in series with the AVC line
and Cl1 from the AVC line to chassis.
These components are used to block and

by-pass RF and IF voltages to earth, and
to a certain extent to smooth out the
irregularities caused by the AF variations
on the DC control voltage. If R2 and C1
were not present, RF and IF voltages
might be fed back to the early stages and
cause instability.

At the point A, of course, the AF
modulation is also present, and is taken
to the AF stages of the receiver, con-
denser C2 being used to block the passage
of DC from point A which would other-
wise affect the AF stages. In this circuit,
therefore, the single diode acts as a
demodulator and AVC rectifier.

Fig. 26 shows another simple AVC
circuit in which a double diode valve is
used. Here diode DI is used solely for
signal rectification, the diode load resist-
ance R1 also acting as AF volume control.
Cl1 is a by-pass condenser (of low value)
and C2 the usual coupling condenser to
the AF stages. C3, usually of a low value
(about 0-00005 u4F) feeds a part of the
signal at the secondary of the last IF
transformer to the second diode (D2),
wgich is provided with the load resistance
R

As before, a negative voltage with
respect to earth is present at A as soon as
a signal reaches D2, and is tapped off and
passed via the filter resistance R3 to the
grid circuits of the valves to be con-
trolled. C4 is a by-pass condenser,
removing any residual RF and IF signals,
and it can have a large value (say 0°'1 uF)
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Fig. 26—A simple circuit using one

diode for signal rectification and

another for providing the AVC control
voltage.
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in order to smooth the DC voltage (on
which, of course, the AF modulation is
impressed).

DELAYED AVC

THE foregoing circuits, although work-
able, are not often used in practice,
because simple AVC as described has
certain disadvantages. However, examples
of them will be found in certain all-dry
battery superhets using a single diode
triode valve in this stage of the receiver.

The main difficulty with the simple
circuits is that any signal, however small,
will necessarily produce a control voltage,
and will therefore be further reduced.
It is obvious that a receiver which
reduces the strength of signals which
initially are too small to load the output
valve will not be satisfactory. What is
needed is some arrangement whereby all
signals below a certain strength are not
affected by the AVC circuits, but that
above some predetermined signal strength
the AVC comes into action.

This is achieved by what is known as
* delayed ” AVC, and this type of circuit
is the one most commonly used.

Delayed AVC is very similar to the
simple AVC already described, but with
the addition of a means of rendering the
action inoperative below a certain signal
voltage.

Suppose we need a voltage of, say, 4V
peak at the second detector before the
output stage is reasonably loaded. Then,
obviously, signals which do not reach this
peak value need the full amplification
available in the early stages, while more
powerful signals need AVC.

It is therefore necessary to arrange that
for peak voltages below 4V which reach
the second detector the AVC diode must
be prevented from rectifying and so pro-
ducing a negative control voltage.

One way of doing this would be to
apply a negative voltage of 4V to the
AVC diode anode by means of a suitable
bias battery. When this is done, any
signal below 4V peak will not make the
diode anode positive enough even on its
positive half-cycles, and consequently no
diode current will flow, and there will
thereiore be no voltage drop across the
load resistance, and no control voltage
produced.

Above 4V, however, the signal will
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overcome the applied delay voltage on its
positive half-cycles, and an AVC voltage
will be produced—but naturally a lower
one than if the delay voltage had not
been present. By suitable choice of
circuits and valves, this fact need not be
a disadvantage.

Instead of applying a negative delay
voltage to the diode anode of the AVC
rectifier, we can achieve the same results
by applying a similar positive voltage
(relative to earth) to the cathode of the
diode. Fig. 27 shows a double diode
circuit in which this has been done, and
it should be compared with Fig, 26.

It will be seen that to obtain in a con-
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Fig, 27—Delayed AVC using the

cathode voltage of the following valve
as delay voltage.

venient way a positive voltage on the
cathode of the double diode, relative to
earth, the cathode is taken to the cathode
of the following valve, which is positive
to earth by virtue of its cathode bias
resistance R4.

In this case the delay voltage is the
same as the bias voltage of the succeeding
valve, and this is often satisfactory.,

If a lower voltage is needed, however,
R4 can consist of two resistors in series,
with the diode cathode taken to their
junction. By suitable choice of values,
any delay voltage up to the total bias
voltage of the succeeding valve can be
obtained.

It will be noted that the AVC diode
load remains connected to the earth line,
so that this diode anode is negative rela-
tive to its cathode by the delay voltage.
As we do not wish the signal diode to be



Radio Circuits

delayed, its load resistance R1 must be
returned to the cathode of the double
diode and not to earth, as in Fig. 26.

Fig. 28 shows the delayed AVC circuit
of the popular double diode triode. Here
the triode section of the valve is used
as the first AF amplifier of the receiver.
Most of the components are as in Fig. 27.
The AF voltage is passed to the triode
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Fig. 28—Delayed AVC with a double-
diode triode, using the triode bias
resistor to provide delay voltage.

grid via C2, and RSi s the usual grid leak.
R4 is the bias resistance for the triode
section of the valve, and provides the
requisite delay voltage for the AVC
diode, the load resistance R2 being
returned to the earth line.

The load resistance of the signal diode
(R1) is, however, returned to the cathode
of the valve to avoid placing a delay on
this diode.

These are only a few of the possible
arrangements, some of which are exceed-
ingly complex. Sometimes the AVC
diode load resistance is tapped, so that
only a part of the available voltage is
used for control purposes ; sometimes the
full control is applied to the frequency-
changer, and only a part to the IF valve.

Much depends on the characteristics of
the valves used, and the available gain in
the early part of the receiver, and no
hard and fast rules can be laid down.

is a fairly common practice to feed
the AVC diode, not from the secondary
of the final IF transformer, but from the
anode of the IF valve, via the usual small

coupling condenser. This has certain
advantages, including the removal of
part of the damping from the secondary
of the transformer. The various filter and
by-pass arrangements used also differ
widely ; some sets use the minimum of
components for this purpose; others
employ elaborate arrangements.

Care has to be taken in the design of
AVC circuits to avoid the introduction of
distortion which may arise if the various
circuits are not correctly proportioned.

Ampliied AVC has a number of
advantages, but its complication is
seldlom worth while in the average
receiver, as it often involves the use of
an extra valve.

Quiet AVC was introduced to avoid
the heavy background noise which occurs
as one tunes between two stations and the
gain of the set rises to maximum. It
functions by rendering the signal diode
inoperative until a signal of acceptable
strength is applied, so that between
stations the set is silent.

Turning to the controlled valves, the
arrangements here have already been
touched upon on pages 8-9, but will be
repeated here for convenience. Fig. 29
shows two arrangements for applying the
control voltage. In each case L is part
of the tuned circuit preceding the valve,
and R1 is a fixed bias resistance which
assures the valve receiving its correct
minimum bias, even when no negative
control voltage is present.

In each case also the control voltage
is ted to the grid via R2, either through
the coil L, or, if there is no DC connection
from L to the grid, R2 is connected to
the grid. Cl, in the left-hand diagram,
places the bottom of L at chassis poten-
tial as far as RF is concerned ; in the
right-hand diagram Cl is the existing
grid condenser, and the bottom of L is
connected directly to chassis. C2 is then
used as an RF and IF by-pass. R2 also
provides a certain amount of decoupling
in the grid circuit, assisted by C1 (left
diagram only).

AVC CIRCUIT VARIATIONS

HE last section, dealing with the
most common forms of delayed
automatic volume control, gave sufficient
information to enable this part of the
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circuit to be understood and traced out
in a complete circuit diagram.

It will be gathered from a study of a
number of complete circuit diagrams that
although the principles already described
are almost universally followed, slight
variations are introduced by certain
designers. One of these variations is in
the particular valves which are controlled,
and another is in the amount of control
applied to each.

In practically all cases the full available
control voltage is applied to the frequency-
changer valve, the mixer section of which
is, of course, of the variable-mu type.
The only exception to this is that in many
cases no AVC is applied to this valve on
the short-wave band or bands. Certain
types of frequency<changer operate best
on short waves with fixed bias, and in this
case an examination of the circuit will
show that the grid return (usually the
bottom of the tuned input circuit) on
the SW band is connected not to the
AVC line, but to chassis. On the MW
and LW bands, however, AVC is applied
as usual.

Where an RF stage is used prior to the
frequency-changer, AVC will be applied
to the RF stage and the frequency-
changer. In this case it is often preferable
to operate the IF stage with fixed bias,
for the efficiency of the AVC action is
not seriously reduced, and the possibility
of the IF stage introducing harmonic
distortion is reduced.

Alternatively, the IF valve can be
supplied with a fraction of the total
available control voltage, and this is
often found also in receivers which have
no RF stage. This arrangement is
achieved by replacing the single AVC
diode load resistance by two resistances
in series, forming a potentiometer. The
total resistance of the potentiometer will
be the same or similar to that of the
single resistor normally used.

The total control voltage available is
taken from the diode end of the load
potentiometer as usual. The lower
voltage is taken from the junction of the
two resistors forming the potentiometer.
Obviously, any fraction of the total
voltage available can be obtained from
this point by suitably choosing the relative
values of the two resistances. Very often
they are equal, giving half the total
voltage at the tapping, but the ratio may
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be as high as five to one in certain receivers.

Occasionally three resistors in series
are used as the AVC diode load to provide
the total AVC voltage and two lower
values. For instance, the RF stage may
receive the maximum AVC voltage, the
frequency-changer three-quarters of the
maximum and the IF stage half the
maximum.

Each additional tapping increases the
number of components necessary, for
each feed circuit usually needs a series
filter resistor and a by-pass condenser.

When two IF stages are used in the
receiver it is usually, but not invariabiy,
the practice to operate the second IF
valve at fixed bias.

The time constant of the feed circuit,
that is, the time taken for the condensers
in the circuit to charge up to a certain
fraction of the feed voltage (or to discharge
to a certain fraction of the initial voltage),
is a point which has to be borne in mind
by the designer of the circuit if unpleasant
effects are to be avoided. The time
constant controls the speed at which
changes in the AVC potential act on the
controlled valves. If this speed is too
great, distortion or reduction in the bass
response of the set may occur ; too slow
a tirne constant will not allow the AVC

C25= CONTROL
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Fig. 29—Two methods of applying the
control voltage to the grid circuit of a
controlled valve.

circuit to follow rapid changes in input
signal, such as fast fades on the short
waves.

The charging time constant in the
case of a simple circuit is proportional
to the product of the value of the series
feed resistance and by-pass condenser,
but for circuits with several feeds and
filters it is much more complicated.
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Obviously, however, increasing the value
of either the filter resistances or condensers
will increase the time constant, and vice-
versa.

There is always a temptation when
repairing a receiver to replace a component
which is apparently unimportant by one
of a different value if the correct one is
not immediately available. In the case of
AVC filter components serious changes in
value should not be made on account of
the change in time constant which they
will introduce.

It will also be readily understood that
any major changes in value of these com-
ponents (which is particularly likely in
the case of resistors) which occur in use
may give rise to faults which would
normally be difficult to trace to their
origin.

Whereas in the case of indirectly
heated valves the delay voltage for the
AVC rectifier is usually obtained by
making the cathode of the diode valve
positive relative to chassis by the required
amount (as described in the last section),
in the case of directly heated battery
valves this method cannot be used. It
is customary in this case to take the
bottom of the AVC diode load resistance
to some point which is negative relative
to chassis, and thus the diode anode is
made negative to chassis, which, as was
seen in the last section, is the same as
making the cathode positive to chassis.

The necessary negative delay voltage
(together with other bias voltages needed
in the receiver) can be obtained in two
ways. One is by the use of a grid bias
battery, one cell of which is used to give
1-5 V delay by connecting the AVC load
resistance to this point.

In other cases part of the grid bias
battery has connected across it a number
of resistors in series, in the form of a
potentiometer, the resistors being chosen
to provide the desired delay voltage (and
other bias voltages) at the tapping points.

A more common method is to employ
automatic bias, which eliminates the
need for a grid bias battery. In this case,
instead of connecting the negative end
of the HT battery to LT negative (and
chassis), it is connected to one end of a
chain of resistors in series, the other end
of this chain going to LT negative. Since
the total HT current of the receiver flows
through the resistors, a voltage is de-
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veloped across them, and the tappings at
the junctions of the resistors provide
fractions of the total available across the
whole potentiometer. Often only two
resistors are used, the AVC load resistance
being taken to their junction.

Examples of this arrangement are seen
in many battery superhet circuits. Often
an electrolytic by-pass condenser is
shunted across the potentiometer from HT
negative to LT negative, in which case it
should be noted that the positive con-
nection of this condenser goes to LT
negative (and chassis).

Certain battery receivers employ a
special indirectly-heated double-diode
battery valve for demodulation and AVC.
In this case some manufacturers return
the AVC load resistance to a negative
point relative to chassis, others return
this resistance to chassis, and connect the
cathode of the valve to a point positive
relative to chassis, while others use a
combination of the two methods, the
voltages so obtained being additive.

AF AMPLIFICATION

OLLOWING the demodulator stage

(and returning once more to the main
circuit of the receiver), we come to the
section which provides audio frequency
amplification, but before considering the
AF amplifier stage or stages in detail, it is
important to realise what the amplifier
has to do. To return to the demodulator
(second detector) stage for a moment, it
will be remembered that the function of
this stage is to remove and make available
for further amplification the AF modula-
tion of the amplified IF signal. At the
demodulator we have the AF voltage
developed across a load in the anode
circuit of the valve, or, in modern sets,
across the signal diode load resistor, and,
as was shown in the diagrams in Figs.
23 and 24, this voltage is tapped off and
passed to the AF stages of the receiver.

It must be pointed out here that the
AF output obtainable from the de-
modulator is quite inadequate to operate
a loudspeaker. For this purpose the
power required is considerably greater
than could be drawn from the receiver
at this stage. Voltage in itself is useless
for this purpose, and in the AF stages
of the receiver, although the voltage
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obtained from the demodulator may be
amplified, one of the main functions of
the stages is to provide AF power. At
the demodulator, the power available is
of the order of a milliwatt or less, whilst
the loudspeaker requires anything from
100 mW to 5 W or more. Consequently,
the AF amplifier must provide a high
degree of power amplification.

This may be obtained in several ways,
depending on the types of valves used.
For instance, there may first be one stage
of voltage amplification, followed by a
stage of power amplification in which
one or more output valves are used ; at
the other end of the scale, using a
modern high-efficiency output pentode or
tetrode, the output from the demodulator
may be fed, via a suitable coupling,
direct to the output valve, without any
intermediate stage of amplification.

Whatever arrangement is used, the
first step is to feed the AF signal from
the demodulator to the grid of the fol-
lowing valve, whether this is a voltage
amplifier or the output power valve. For
this purpose it is necessary that some
form of AF coupling be used, and the
two usual basic forms are resistance-
capacity and transformer coupling.
These basic forms are sometimes
modified, as will be seen later. Fig. 30a
shows the basic form of resistance-
capacity coupling, which is almost in-
variably used for coupling the demodu-
lator to the next stage.

R1 represents the demodulator load
resistance (which will be in the anode
circuit of a triode, tetrode or pentode
used in early superhets, or will be the
signal diode load resistance in sets using
diode demodulation). Between the high
AF potential end of R1 (the anode end

in the case of triodes, etc., and the end
remote from chassis in the case of diodes)
and the grid of the following valve is
the fixed condenser C1 which permits
the AF voltages to pass, but isolates
the succeeding part of the circuit as
far as DC is concerned.

R2 is the grid resistor of the succeed-
ing valve across which the AF input
voltage to this valve is developed, and
via which grid bias is applied to the
valve. R3 is the usual cathode bias
resistor, by-passed by the condenser C3.

This resistor, of course, makes the
cathode of the valve positive to chassis,
and since the grid is returned to chassis
via R2, the cathode is equally positive
to grid, or, in other words, the grid is
negative to cathode, which is the correct
condition.

The values of R1, C1, R2, and R3,
while not critical, have to be carefully
chosen by the designer, and should not
be subsequently varied to any appre-
ciable extent. The value of Rl may
vary between wide limits according to
the circuit in which it is used. Cl1 may
vary between 0:001uF and 0-1 uF, but
is not usually greater than 0-01 uF where
it is used to couple the demodulator cir-
cuit to the next stage. R2 usually has
a value of from 250,000 O to 5 MO, the
higher values being used when Cl is of
low value. The value of R3 depends on
the valve in use, while C3 usually has a
value of 25 uF or 50 uF, and is, of course,
of the low voltage electrolytic type.

Turning now to the transformer-
coupled AF stage, this is represented
basically in Fig. 30b. Here T1 is an iron-
cored AF transformer, with a step-up
voltage ratio of about 1 to 3 between
primary and secondary winding. The

Fig. 30, a and
b. a—Basic
resistance-
coupled AF
stage. b—Basic
transformer-
coupled stage.
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primary acts as the load impedance
across which the AF voltage to be
amplified is developed. A higher voltage
is developed across the secondary of
transformer T1 and applied between the
grid of the following valve and chassis.
This valve has the bias resistance R4 in
its cathode circuit, by-passed by C4.
Bias is applied to the grid of the valve
via the secondary winding of the trans-
former, and since there is no DC con-
nection between primary and secondary,

of the core and consequent distortion ;
in fact, the transformer can be designed
to give an excellent response at consider-
ably less cost than would be the case in
a normal transformer-coupled stage.
Another advantage is that the step-up of
voltage introduced by a transformer is
retained,

Another variation of straightforward
transformer coupling is shown in Fig. 31b.
This is known as auto-transformer
coupling, T3 being an auto-transformer,

a

Fig. 31, a and
b: a — Basic
circuit of
parallel-fed
transformer
coupling. b—
Auto-tran s-
former circuit.

the input and output circuits are isolated
as far as DC is concerned.

Various considerations of design make
it impossible to use transformer coupling
as described in certain parts of the cir-
cuit, e.g., between a diode demodulator
and the succeeding stage, but it is often
used to couple one AF stage to the next.
particularly in cases where the step-up of
voltage between primary and secondary
(not obtained with resistance coupling)
can be utilised to advantage.

In place of pure transformer coupling,
it is quite common to use parallel-fed
transformer coupling. This is shown in
Fig. 31a, where the primary of the trans-
former T2 is fed from the high AF poten-
tial end of a load resistance RS via the
coupling condenser C5. The secondary
of T2 is connected between the grid of
the following valve and chassis as before.
Comparison of this circuit with those of
Figs. 30a and 30b shows that parallel-fed
transformer coupling is really a combina-
tion of resistance and transformer
coupling. One advantage of it is that
the transformer primary carries no DC,
as it does in Fig. 30b, where its primary
is usually in series with the preceding
valve anode circuit.

There is therefore no risk of saturation
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with a single winding which is tapped to
give a step-up ratio between input and
output. Actually, although called a
transformer, T3 is really a tapped iron-
cored choke. It is parallel-fed by Ré6
and C6, the ‘ primary” being the
section of T3 between the tapping and
chassis, and the * secondary ”” the whole
winding, connected in the grid circuit of
the following valve.

A modification of resistance-capacity
coupling is sometimes encountered in
which the load resistance R1 in Fig. 30a
is replaced by an iron-cored choke. This
is known as choke-capacity couplmg, and
is not very common in ordinary receivers.

So much for the basic outline of resist-
ance-capacity and transformer coupled
stages and their simple variations; let
us now consider a few practical applica-
tions.

PRACTICAL AF CIRCUITS

AKING first of all the stage following
the demodulator, it can be said that in
the case of old superhets where the
demodulator was a triode, tetrode or
pentode, the circuit of Fig. 30a is correct
if R1 is placed in series with the anode



Introducing Volume Control

circuit of the demodulator valve.

In the case of superhets with diode
demodulators, a typical circuit is in Fig.
32a. Here the first valve is the diode
demodulator and the second the first AF
amplifier, which is a separate triode. IF
stopper resistors and by-pass condensers
are not shown for reasoms of clarity,
while the AVC arrangements are also
omitted. R7 is the signal diode load
resistance, and C7, taken from the high
AF potential end of R7, is the AF
coupling condenser.

At this point it
volume control arrangements to be
introduced in practically all modern
superhets which have only one AF stage.
This is usually achieved by means of a
variable potentiometer connected so as
to pass anything from zero to the full
available AF voltage to the grid of the
AF valve. In Fig. 32a, R8 is the volume
control potentiometer, with one end con-
nected to chassis. The other end is con-
nected to C7, so that across R8 the whole
of the AF voltage passed on from the
demodulator stage is developed. The
variable contact, or slider, of R8 is con-
nected to the grid of the AF valve.

It will be seen that the portion of R8
included between the slider and chassis
becomes the grid resistor of the AF valve,
and provides the necessary grid return
to chassis, enabling the bias voltage
developed across R9 to be applied to the
valve.

The minimum volume will be obtained
with the slider of R8 near the chassis
end of this component, the maximum
being obtained when the slider is moved

is customary for

to the end of R8 which is connected
to C7.

Since in an AF voltage amplifier which
is correctly operated there will be no grid
current flowing, R8 does not have to
carry any appreciable direct current, and
the speech current flowing through it is
very small, so that its power dissipation
is negligible. Consequently types em-
ploying carbon tracks can be employed
with success, and wire-wound types are
not necessary. This is all the more im-
portant because the resistance value of
RS in the position shown may be 1 or 2
megohms. The connection between the
two cathodes is necessary to provide
AVC delay voltage, as was explained in
the section dealing with delayed AVC.

Fig. 32b shows how the circuit of Fig.
32a is altered when a double diode triode
valve is used in place of the separate
diode and triode types. A comparison
will show that, apart from the omission
of the connection between the two
cathodes in Fig. 32a (which is virtually
present because the single cathode of the
double diode triode serves both the diode
and the triode sections), there is no
electrical difference between the two cir-
cuits. R10 corresponds to R7, R11 to
RS, R12 to R9 and C8 to C7, and their
values are the same in each case, provid-
ing that the multiple valve has the same
characteristics as those of the two
separate valves.

Fig. 32c shows a circuit somewhat
similar to Fig. 32b, except that a re-
arrangement has been made. It will be
noted that the potentiometer volume
control R13 now acts as the signal diode

a

Fig. 32, a to

c—Three examples of AF resistance coupling following a

diode demodulator.
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load resistance, the ends of the element
being connected between the bottom of
the secondary of the last IF transformer
and the cathode of the valve. The slider
of R13 is taken via the usual AF coupling
condenser C9 to the grid of the triode
section, while R14 is the grid resistor.
R15 is the usual bias resistor.

The difference between Fig. 32b and
Fig. 32c, therefore, is that R13 and R14

» |
|
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Fig.33—Diode demodulator resistance-
coupled directly to the output stage.

are interchanged, relative to R10 and
R1!. Both circuits are commonly en-
countered. It should be pointed out that
the value of the grid resistor in an AF
amplifier is usually several times that
of the preceding load resistor. Conse-
quently, R11 has a higher value than
R10, and R14 has a higher value than
R13. Thus R11 may be 2 megohms and
R10 500,000 ohms, whilst R14 may be
2 megohms and R13 500,000 ohms.

It was mentioned earlier that in certain
cases where a high efficiency output valve
is employed one can couple the output
from the demodulator stage directly to
the grid of the output stage, and so
obviate the need for an intermediate
stage of AF voltage amplification. A
typical circuit, omitting minor details, is
in Fig. 33, where the valve is a double
diode-output pentode.

As will be seen, except for the valve
the circuit is almost identical to that
of Fig. 32b. In the anode circuit of the
valve is the load impedance in which the
AF power is developed. This load is
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usually the output transformer coupling
the valve to the loudspeaker.

The only component worthy of special
note is R16, a resistor connected in series
with the grid circuit, close to the grid
of the valve. This is known as the grid
stopper resistor, and prevents any residual

F or IF voltages from reaching the
grid of the valve where, in the case of a
high efficiency type such as is being
discussed, they might cause incipient
or actual instability.

6 may be anything from 5,000 to
100,000 ohms and is often situated in or
close to the top cap connector of the
valve, in cases where this has its control
grid brought out to the top cap.

SECOND AF STAGES

N the previous section the various

forms which the coupling between the
demodulator and the first AF valve may
take were described and illustrated.

We now come to the next AF stage,
which in most cases leads to the output
valve or valves. The circuit in which
the demodulator is coupled directly to a
high-efficiency output pentode or tetrode
(described at the end of the last section)
is popular in many of the smaller re-
ceivers, but the more general practice is
to have the demodulator coupled to a
first AF valve, which in turn is coupled
to the output valve.

In this case, as was seen in the last
section, the first AF valve is usually a
triode, either on its own, or in the same
envelope as the double diode demodula-
tor and AVC rectifier.

At this juncture it will be best to deal
with mains receivers first, since battery
models sometimes use different couplings
which will be covered later. Undoubtedly
the most popular arrangement for coupling
the first AF valve to the second AF or
output valve is the resistance-capacity
arrangement which, as was seen in the
last section, is also more or less the
standard form for the previous AF
coupling.

Fig. 34a shows the simplest form of
resistance-capacity coupling between the
first AF valve (the triode section of a
double diode triode) and the output
valve (in this case a pentode). Rl is the
triode anode load resistance, usually from



Elaboration of the

50,000 to 250,000 ohms except in special
cases ; Cl is the AF coupling condenser
(0-01 to 0-1 uF) ; R2 the grid resistor of
the output valve (250,000 to 500,000
ohms) ; R3 is the automatic bias re-
sistance to suit the output valve, with
C2, its by-pass condenser (usually 25 or
50 uF). C3 is a fixed tone correcting con-
denser for the output pentode, which is
quite distinct from any tone control device
which may be fitted. Its value is usually
between 0-001 uF and 0-01 uF.

Basically this circuit is the same as the
elementary resistance-capacity circuit
shown in a previous section. An
elaboration of it is shown in Fig. 34b,
Here RS corresponds to R1 of Fig, 34a;
C6toCl; R6to R2; R8toR3; C7to
C2; and C8 to C3. This leaves us with
the additional components R4, C4, CS,
R7 and R9.

R4 and C4 form a *‘ decoupling”
arrangement, which, incidentally, is often
used in other anode and screen circuits
in the receiver in a similar form. R4
tends to prevent AF currents from getting
into the HT supply circuit, whence they
might be fed to the anode circuits of other
valves and give rise to instability. C4
completes the circuit to chassis for AF
currents. It is much easier for these
currents to return to chassis via C4
than via R4 and the HT supply circuit,
and accordingly they take the line of
least resistance and do not enter the HT

Simple RC Circuit

circuit to any appreciable extent. The
efficiency of the decoupling depends on
the product of C4 and R4, and both should
be as large as convenient. In practice,
the value of R4 depends on how much
DC voltage drop from the HT line to the
top of R5 can be allowed, and is usually
of the order of 5,000 to 20,000 ohms.
For C4 a value of 2 to 8 4F is common,
the condenser being of the electrolytic
type. Incidentally, it will sometimes be
found that C4 and R4 are omitted in
certain models.

CS5, which is a by-pass condenser for
any residual IF currents which may have
got as far as the anode of the first AF
valve, will have a value of 0-0001 to
0-0005 uF.

R7 is a grid stopper for the output
valve, having a value of from 5,000 to
100,000 ohms. Its use was described on
page 38. R9 is an anode stopper, some-
times used with high efficiency valves to
assist in obtaining complete stability.
It will usually have a low value, of the
order of 50 ohms.

It will be noted that the output valve
shown in Fig. 34b is not a pentode, but
a beam tetrode. The two are more or
less interchangeable, and in place of the
suppressor in the pentode, connected in-
ternally to the cathode of the valve, the
beam tetrode has its special beam-form-
ing shields connected internally to cathode.
Either valve can be used in either circuit.

1
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Fig. 34, a and b.

a—Simplest form of resistance-capacity AF coupling between two

stages. b—An elaborarion of the simple circuit, showing decoupling, by-passes and
stoppers.
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Before leaving Fig. 34b, it should be
pointed out that some of the additional
components shown may be omitted in
certain sets—in fact, very few will have
all those shown.

Where a large power output is re-
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—
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Fig. 35—Basic arrangement of two
output valves in parallel.

quired, one can either use a single out-
put valve which gives the requisite
power, or one can employ two or more
lower-powered valves. If two valves are
used (and it is very uncommon in
domestic receivers to find more than two
valves in the output stage) these valves

can be connected in one of two ways—in
parallel or in push-pull.

Paralleled output valves are not often
encountered in modern receivers. but for
the sake of completeness the arrange-
ment is shown in Fig. 35. This shows
two identical output pentodes connected
in parallel, and it will be noted that the
two cathodes, the two control grids, the
two screens and the two anodes are each
connected together.

9 is the usual coupling condenser,
and R10 is the grid resistance common
in both grid circuits. The screens are
connected to the HT supply, and R11 is
the common cathode bias resistance.
Since the cathode current will be twice
that of a single valve, the value of R11
will be half that which would be used
for a single valve, so that the same volt-
age drop across R11, and, therefore, the
same bias voltage, is obtained. The load
impedance (shown by a square in series
with the anode circuit) will also be half
the value required by a single valve.

PUSH-PULL RC STAGES

The use of two valves in push-pull
in the output stage is more common
than the parallel arrangement. The push-
pull circuit is quite easily arranged where
transformer AF coupling is used, but as
we are considering resistance-coupling at
the moment, this arrangement must be
examined first. In the push-pull circuit,
the valves must work 180 degrees out of
phase with each other. Signals of equal

Fig, 36—Push-
pull RC coup-
ling, with a
phase-splitting
valve.
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Phase-Splitting Arrangements

voltage but opposite phase are fed to the
respective control grids of the two
valves, and the resulting separate anode
- currents, which are also in opposite
phase, must be re-combined in such a
way that they do not cancel each other
out, but assist each other.

The difficulty with resistance coupling
preceding the push-pull valves is to split
up the input in the correct manner. In
fact, a separate phase-splitting valve has
to be used for this purpose. One circuit

of the phase-splitter and at the junction
of R14, R15 are approximately equal in
value, and in opposite phase, which is
the requisite state of affairs for feeding
the two output valves.

The anodes of the output valves are
connected to the opposite ends of the
primary winding of the output trans-
former T1, and the HT supply is fed
into a centre-tapping. In this way both
valves receive their DC anode supply,
and the out-of-phase anode currents are

Fig. 37 —
Another
method of
arranging the
Dphase - splitter.

used for this purpose is shown in Fig. 36.
Here the output from the first AF
amplifying valve is fed to the phase-
splitting valve (usually a triode) via the
coupling condenser C10. RI12 is the
usual grid resistor, returned to the bottom
of the bias resistor Rl14. Between
this and chassis is another cathode re-
sistor, R15, which is equal in value to
the anode load resistor R13.

The anode of the phase-splitter is
coupled via Cl11 to the grid of one of the
push-pull output valves, and the junction
of R14, R15 is coupled via CI2 to the
grid of the other output valve. RI16
and R17 are the grid resistors of the two
output valves, and R18, shunted by C13,
is the common bias resistor for the two
output valves. The junction of RI16
R17, R18 and CI13 is returned to chassis.

The result of this arrangement is that,
owing to a degenerative effect, the phase-
splitting valve has a very low gain, in
fact it does very little amplification at
all. However, the signals at the anode

re-combined in phase.

The diagram of Fig. 36 is a basic one
and does not include decoupling, stopper
or tone compensation arrangements,
which will be similar to those shown in
Fig. 34b. The screen HT feeds are also
omitted.

Another arrangement for phase-splitting
is shown in Fig. 37. Here the input from
the preceding stage is fed via C14 direct
to one of the output valves. It is also
fed, via Cl5, to a potentiometer R19,
R20, and the grid of the triode phase-
splitter valve is taken to the junction
of R19, R20. The values of R19 and
R20 are so chosen that the input voltage
to the phase-splitter is stepped down to
an extent which just balances the ampli-
fication obtained in the valve. In this way
the AF signal voltage at the anode of the
phase-splitter can be made equal to that
fed to C14 and ClS5, but owing to the
phase reversal introduced by the valve,
it will be in opposite phase. It is fed via
C16 to the other output valve, and the
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rest of the circuit is the same as that in
Fig. 36.

In a typical case where the amplifica-
tion factor of the phase-splitting valve
is about 15, R19 is made 500,000 ohms,
and R20 is 35,000 ohms, so that the

Fig. 38—A push-pull transformer-
coupled output stage using two directly-

heated mains valves. Note the method
of obtaining grid bias in this case.

signal at the grid of the phase-splitter
is about one-fifteenth that which is
applied to C14 and C15. Thus the signals
applied to Cl14 and C16 will be roughly
equal, and in opposite phase.

TRANSFORMER COUPLING

LEAVING the subject of resistance-
capacity AF coupling, we come to
transformer coupling. Basic transformer
circuits were illustrated in Fig. 30b and
Fig. 31a and b. A complete diagram is
hardly necessary, since except for the
insertion of the primary of T1 (Fig. 30b) ;
resistance RS (Fig. 31a), or resistance R6
{Fig. 31b) in series with the anode cir-
cuit of the preceding valve, the circuits
are virtuaily complete. Decoupling of
the anode circuit is often employed,
together with the by-pass, stopper and
tone compensation arrangements covered
on page 39. The output valve is usually
a pentode or tetrode, of course.

For increasing the output beyond that
given by a single valve, push-pull trans-

former coupling is often employed. An
example of this applied to a mains re-
ceiver, and using two triode power valves
in the output stage, is given in Fig. 38.

It will be seen that the inter-valve
transformer T1 has its primary in the
anode circuit of the first valve, R1 and
Cl1 being the anode decoupling resistance
and condenser respectively. The ends of
the secondary of Tl go to the control
grids of the two triode output valves, while
its centre-tap goes to chassis. In this way
the AF voltages applied to the grids are
made equal in value, but opposite in
phase, which, as was seen in the last
section, is a necessary condition for
push-pull operation.

The output transformer T2 has its
primary winding centre-tapped. The
ends go to the anodes of the two output
valves, while the centre-tap goes to the
HT positive line, It thus feeds the
anodes with their HT supplies, while the
AF outputs from the two valves are re-
combined in-phase and fed to the loud-
speaker from the secondary of T2.

A point to note about Fig. 38 is that
the output valves in this case are of the
directly-heated type. This is not a neces-
sary condition, but it so happens that
many large triode power valves are
directly-heated. This affects the method
of obtaining bias. With indirectly-
heated valves, the two cathodes would be
connected together and a common bias
resistance inserted in the lead from
cathodes to chassis.

The method of obtaining bias in the
circuit of Fig. 38 is different. The fila-
ments of the valves are wired in parallel
and are fed from a winding on the mains
transformer T3, which is quite separate
and distinct from that used to supply the
other valves in the set, This winding is
centre-tapped, and between the centre-
tap and chassis is connected a resistance
R2 which acts in the same way as a
cathode bias resistance used with in-
directly-heated valves. The HT current
of the two valves flows through R2, and
causes a voltage drop across it which is
positive relative to chassis. As the grid
circuit of the output stage is returned to
chassis via the centre tap of the secondary
of TI1, the grids are made regative to
the filaments by the amount of the voltage
dropped across R2. C2 is a by-pass con-
denser across R2.
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Quiescent Push-Pull Principles

QPP AF COUPLING

EAVING the AF stages of mains re-

ceivers, we come to battery models.
Ordinary  resistance  coupling and
¢ straight ” transformer coupling, as well
as the parallel-fed and auto-transformer
versions of this are largely used, but in
addition there are two special forms of
push-pull which are often encountered in
battery models. Both are designed to
provide a large output with the minimum
HT current consumption, low HT con-
sumption being an important feature for
the designer to achieve.

The actual circuit arrangements of
these two special forms of push-pull are
almost identical with each other and with
that of normal (*‘ Class A ) push-pull.
The difference lies in the valves, and the
manner in which they are operated.

The first arrangement is known as
“ quiescent push-pull,” usually abbre-
viated to QPP. This depends for its
special properties on the over-biasing of
the push-pull output valves. If a single
valve were employed with negative bias
above normal, distortion would result,
but by using two valves in push-pull the
type of distortion
produced by over-

(less negative) at the same time as the
grid of the other valve is made more
negative, and vice-versa. Each valve
only amplifies when its grid becomes less
negative, its anode current rising with
increase in the signal voltage.

With large signals, the average anode
current and the power output of the
stage is the same as in a normal push-
pull stage, but with small signals the
average current is low, Thus during a
musical programme, where the full out-
put of the stage is only required for
momentary peaks or crescendos, the
average anode current over a period will
show a distinct saving compared with an
ordinary push-pull stage.

A QPP stage requires twice the input
voltage which a normal push-pull stage
needs for a given power output, con-
sequently pentodes are usually employed
on account of their superior sensitivity
over triodes. Special double-pentode
QPP output valves are popular for use
in this type of circuit, an example of
which is 1n Fig. 39.

Here the primary of the QPP inter-
valve transformer T4 is parallel-fed by
resistance R3 and condenser C3. The

biasing is cancelled
out. The effect of
the excess bias is to
reduce the “ stand-

HT+2

l 1

ing’’ or quiescent !
anode current of the
output stage, when
no signal is arriving,
to a very small value.
When an AF signal
is fed into the stage,
the grid of one of the
output valves is made
more positive

A |
>

i

Fig. 39—Arrange-
ment of a battery
receiver output
stage using
quiescent push-
pull in conjunction
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output valve is a special double-pentode
in which the two suppressor grids are
connected internally to one side of the
double filament, while the two screens
are also connected internally and brought
out to a single pin, fed from the HT+2
tapping. The two control grids are quite
separate and are fed from the ends of
the secondary of T4, the centre tap of
which goes, via resistance R4, to a grid
bias tapping. R4 is a stabilising resist-
ance of 100,000 to 250,000 ohms, which
is usually fitted.

The anodes of the output valve go,to
the two ends of the primary of the out-
put transformer TS, of which the centre
tap goes to HT+41. The secondary, of
course, feeds the loudspeaker. C4 is a
tone compensation condenser across the
primary of TS,

It will be observed that, except for the
use of the special valve, the circuit does
not differ from that of an ordinary push-
pull stage. The difference lies in the
design of the input and output trans-
formers and the fact that the grid bias
used is greater than would be the case
in ordinary push-pull. It is usually be-
tween 74 and 10% volts, whereas half
these values, or less, would be used for
ordinary push-pull.

There 1s no reason why two pentodes
of similar characteristics could not be
employed in place of the special valve,
but the latter is more convenient in use.

CLASS B AF COUPLING

HE second special form of push-pull

coupling largely used in domestic
battery receivers is known as * Class B”
coupling. This also takes a small anode
current under ** quiescent’ conditions,
but differs in that the valves used are
generally triodes with a high impedance,
which operate with a very low value of
bias and only take a small current by
virtue of their high impedance.

When a signal is applied to such a
stage, the grids of the valves are alter-
nately made more negative and more
positive. Under more negative condi-
tions, the valve concerned does not
amplify, since the anode current is prac-
tically cut off, but with the grid under
“ more positive ”’ conditions, the valve
does amplify, and with the push-pull

arrangement the distortion which would
arise is cancelled out.

When the grid of one of the valves is
made positive, however, another effect
takes place, which does not occur in
QPP coupling. Grid current flows in the
grid circuit, which, in any ordinary AF
stage, must not be allowed to occur.
With Class B coupling, arrangements are
made whereby grid current can be
handled. The flow of grid current
necessarily involves a consumption of
AF power in the grid circuit of the out-
put stage, and this power must come from
the preceding stage. Therefore, with
Class B coupling, the preceding valve
must be arranged to supply power to drive
the grid circuit of the output stage without
overloading. It is usual to call this
preceding stage the * driver ” stage, and
it consists of a “ driver ” valve (usually
a lower-power triode) coupled by a Class
B “driver ”’ transformer to the output
stage. The driver transformer is specially
designed for the job, and its windings
have a low resistance and are capable of
handling power, not only in the primary,
but in the secondary as well. The ratio of
the driver transformer is usually low.

The complete circuit is shown in Fig.
40. Once again a special valve is used in
the output stage, this time consisting of
two high-impedance triodes in the same
envelope. Two separate valves of
similar characteristics could be used.

The first valve is the driver, coupled
by the driver transformer T6 to the
double output valve. The centre tap of
its secondary goes to a low value of grid
bias, and in some sets may even be
found to go to chassis, thus operating
without external bias. T7 is the output
transformer arranged in the usual way,
with a tone compensation condenser
across its primary winding. Note that
there is no resistance in the grid bias
lead in this case.

A point about both QPP and Class B
stages which does not emerge from a
study of the circuit diagrams is that
the HT supply, owing to the fluctuating
demands upon it which are characteristic
of both these stages, must be of good
* regulation.” This means that the HT
voltage must not vary appreciably with
the working load. If it does vary, dis-
tortion is likely to be introduced. An
HT battery in good condition fills the



Moving-Coil Loudspeaker Details

requirements, but a partially discharged
one, or one which has developed a high
internal resistance, will not be satisfac-
tory. If an HT battery eliminator is
used with a set of this type, trouble is
often encountered unless the eliminator
has been specially designed for QPP or
Class B supply.

LOUDSPEAKER
ARRANGEMENTS

S was seen in the preceding sections,

the final stage of AF amplification
feeds the output valve or valves, and the
AF power in the anode circuit of the
output stage is passed on, via a suitable
transformer, to the loudspeaker. This
transformer may be mounted on the
chassis of the receiver or on the frame of
the loudspeaker, but its use is the same
in each case.

All modern receivers employ a moving-
coil type of loudspeaker, with the winding
of the speech-coil of low impedance.
The anode circuit of the output stage is
of high impedance, and since for maximum
transference of power the impedance of
the load should equal the impedance of
the source, the output transformer is used
for matching the loudspeaker speech coil
to the output stage. For instance, a
beam tetrode output valve may have a

recommended matching impedance of
2,000 ohms, while the loudspeaker used
with it may have a coil impedance of
5 ohms. In order to arrive at the correct
ratio for a suitable matching transformer,

-2,000 is divided by 5, and the square

root of the result gives the correct ratio.
In this case it works out at 20, so that
the transformer has a 20 to 1 step-down
ratio.

Moving-coil loudspeakers may be of
the permanent-magnet type, or they
may have an electro-magnet energised
from the HT supply of the receiver.
Fig. 41a shows the output circuit with a
permanent-magnet loudspeaker. Here
Tl is the output transformer with its
primary in the output valve anode circuit
(with push-pull circuits the primary will
be centre-tapped ; see previous sections)
and its secondary connected to the loud-
speaker speech coil L1. A connection is
shown from the speaker frame (on the
extreme right) to chassis. This is not
always present, but when it is it serves
to earth the frame. In AC/DC sets,
when it is used, this connection will be
taken to true earth, and not to chassis.
The dotted connection shown earths the
secondary of T1 and the speech coil, and
again it may or may not be present.

The electro-magnetic type of moving-
coil loudspeaker (usually referred to as
the “ energised ” type) is a little more
complicated. It has a speech coil fed

—pp-H T+

Fig. 40—A Class
B output stage
in a battery
model, using a
special  double-
triode valve.
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from a matching transformer as before,
but in addition the energising or * field »
coil is connected in circuit. In modern
loudspeakers there is usually a third coil,
known as the hum neutralising or hum
“ bucking ”’ coil, which is associated with
the speech coil circuit. Fig. 41b shows a
typical energised moving-coil speaker
circuit. T2 is the output transformer with
its secondary connected with one side to
L2, the other side to L3, L2 and L3 being

a receiver will be found in which the field
coil is not used for smoothing purposes
in series with the HT supply, but is
connected directly across the HT supply
for energising purposes, from the HT
positive line to chassis, as shown in
Fig. 41d. In this case the resistance of
the winding will be higher, usually
between 6,000 and 8,000 ohms. This
connection is often found in AC/DC
midget receivers originally intended for

H T +ONE HTe*LINE HT®LINE HT#LINE
"ﬂ ‘h’z
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Fig.41,at0d. a—Connections of a PM loudspeaker.
c—The same with the field in the negative

with the field in the positive HT lead.

b—An energised loudspeaker

HT lead. d—The same with the field across the HT supply.

connected in series. L2, of course, is
the loudspeaker speech coil, while L3 is
the hum neutralising coil.

L4, the loudspeaker field or energising
coil, is in this case connected from the
cathode of the HT rectifier to the HT
positive line. When we examine the
power supply circuits in a later section
it will be seen that in this position the
field coil is in series with the HT positive
supply lead to the set, and acts as a
smoothing choke, at the same time
becoming energised by the HT current
which flows through it.

In certain receivers L4 may be con-
nected in series with the negative HT
supply lead to the set, in which case
one end will be connected to chassis and
the other to the centre-tap of the mains
transformer HT secondary winding, as
shown in Fig 41c.

In both these arrangements the resist-
ance of the field winding will be between
500 and 2,500 ohms, common values
being 1,000 or 1,200 ohms. Occasionally

use on 110 V mains, where the series
connection of the field would cause a
drop in HT voltage which would reduce
the voltage on the HT line too much.
The parallel connection avoids this.
In such cases the hum neutralising coil
is usually omitted.

Referring again to Fig. 41b, it will be
seen that the hum coil L3 is represented
as being iron-cored and wound on the
same core as the field. This is so, for the
coil usually consists of a few turns of
wire wound either at the side of the field
winding in pancake formation or as a
single layer winding over the field coil.

When the field coil L4 is energised by
unsmoothed HT current there is a
tendency for hum voltages to be induced
into the speech coil L2, which will pro-
duce a loud hum in the loudspeaker.
With the coil L3 wound so that it is
coupled to the field coil, hum voltages
are introduced into it also, and by con-
necting L3 in series with L2 in the sense
such that its hum voltage is in opposite
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phase to that of L2, the resultant hum
in the speech-coil circuit is largely can-
celled out. It is not reduced entirely to
zero, however.

The hum coil, being more tightly
coupled to the field coil than is L2, can
consist of fewer turns of thick wire.
Consequently, its impedance is low (its
DC resistance is usually only about 0-1
ohm) and the AF power lost in it is very
slight. It is important to remember
that the connections of L3 must not be
reversed relative to L2, otherwise the
hum voltages will be additive, and a
loud hum will be produced.

In most sets provision is made for the
connection of an external loudspeaker, by
means of sockets or terminals. Fig. 42
shows some alternative arrangements.
At a, the sockets are placed so that the
external speaker is connected across the
primary winding of the output trans-
former. In this case a high impedance
external speaker (or an ordinary moving-
coil type fitted with its own input trans-
former) must be used.

The switch S1 is sometimes fitted to
permit the internal speaker to be muted,
but it should be noted that S1 must not
be opened until after the external speaker
is connected, otherwise the HT supply
to the anode of the output valve will be
interrupted. Another arrangement for
using a high impedance external speaker
is shown at b in Fig. 42. The speaker is
fed from the anode of the output valve

via the DC blocking condenser Cl, the
other side of the speaker being connected
to chassis. In this case no DC flows
through the windings of the speaker or
its transformer. A muting switch con-
nected as in Fig. 42a must not be used
with this arrangement.

A more usual arrangement in modern
sets is for the external loudspeaker sockets
to be arranged as in Fig. 42c. They are
connected across the secondary of the
output transformer, and this involves
the use of a low impedance external
loudspeaker (a moving-coil type without
a transformer of its own). Switch S$2
is often provided to disconnect the speech
coil of the internal speaker, thus muting
it. Occasionally a resistance R1 of a
few ohms is permanently connected
across the secondary of the output
transformer to act as an artificial load
in case S2 is opened before the external
speaker is connected up. Alternatively,
S2 is sometimes in the form of a jack
switch, arranged to be operated only
when an external speaker is plugged in.

AC POWER SUPPLIES

N the previous sections we have
covered the various circuit arrange-
ments of typical superheterodyne receivers
from the aerial input to the loudspeaker
output. For the most part, the main
receiving circuit has been dealt with, to
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Fig. 42.—Three alternative arrangements of external loudspeaker sockets.
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the exclusion of subsidiary circuits which,
however, must be included before any
review of the complete circuit arrangement
can be considered complete.

The power supply circuits of mains
receivers are, of course, of paramount
importance, and will be described next.
In the case of battery receivers, operating
from LT, HT and GB batteries, the
power supply needs very little comment.
The principle of obtaining grid bias
voitages automatically, thus disposing of

RECTIFIED
OQUTPUT

Fig. 43—Basic circuit for metal recti-
fication on the voltage-doubler system.

the need for a grid bias battery, is used
in many modern battery sets, the usual
technique being to utilise the voltage
drop across a resistor or resistors con-
nected in series with the negative HT lead.

In a mains receiver we have to obtain
low tension, high tension and grid bias
supplies entirely from the mains, and the
method of accomplishing this has been
more or less standardised in modern
receivers.

Taking the case of receivers for use
exclusively on alternating current mains
first of all, it is hardly necessary to say
that power is obtained from a mains
transformer and that for the low tension
supply for the valve heaters *“ raw” AC
is used. This is obtained from a low volt-
age secondary winding on the mains
transformer. The winding usually has
a centre tapping, connected to chassis,
although sometimes one side of the
secondary goes to chassis.

In most AC receivers the heaters of
the valves will all have the same voltage
rating, and will be connected in parallel
to the heater secondary. In cases where
a different voltage is required by one or
more of the valves, a separate secondary,
or a tapping or extension on the existing

secondary, will be used. The rectifier
valve normally employed for the HT
supply always has its own heater second-
ary, is it must be isolated from the other
valves.

In order to obtain the necessary DC
HT supply from AC mains it is necessary
to step the mains voltage up to the
amount required, rectify it and smooth
it. In the past various types of rectifier
have been employed, including the valve
and the ‘‘ metal ” (dry-contact) rectifier.
Certain early receivers employed the
latter, operating on what is known as
the ¢ voltage-doubler ** system. The cir-
cuit of a metal rectifier connected in this
system is shown in Fig. 43. No smoothing
circuit is shown, and it should be pointed
out that the two condensers (usually
about 4 uF each) form an important
part of the actual rectifying circuit,
and their value is fairly critical. Of course,
there is no reason why half-wave or full-
wave metal rectification should not be
employed in radio receivers, but this
type of circuit is not often encountered.

Turning to valve rectification, which is
used by practically every modern mains
receiver, it is quite possible for half-wave
or full-wave circuits to be found. In
AC receivers full-wave rectification is
more or less standard, so this will be
dealt with first. Half-wave circuits are
used mainly in AC/DC receivers.

The basic circuit of a full-wave valve
rectifier is shown in Fig. 44a. The mains
supply is fed into the primary of the
mains transformer, and is stepped up
the required voltage by a suitable
secondary winding, having a centre-tap.
The total voltage across the secondary
in full-wave rectification is usually about
twice the DC voltage output required.

The full-wave rectifier valve has two
anodes, each one of which is connected
to one end of the HT secondary winding
of the transformer. The heater of the
valve (which may be of the directly- or
indirectly-heated cathode type) is fed
from a separate low-voltage secondary
winding on the mains transformer (not
shown in Fig. 44a). The rectified output
is obtained from the centre-tap of the
HT secondary (negative) and the cathode
(or one side of the heater) of the valve
(positive).

The rectified current, as obtained from
the circuit of Fig. 44a, is unidirectional,
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but pulsating (at a frequency twice that
of the mains supply). It is, therefore, not
suitable for the HT supply to a receiver
until it has been smoothed. The simplest
circuit for this purpose is shown in Fig.
44b, where an iron-cored choke L1 is
used in series with the positive supply
lead, and two large capacity condensers
(usually of the electrolytic type) are con-
nected across the supply, one on either
side of the choke. This is called a con-
denser input smoothing filter. Cl is the
“reservoir” condenser and C2 the
smoothing condenser.

The choke may be replaced by the
field winding of an energised moving coil
loudspeaker, as was mentioned in the
previous section, and it may be in series
with the negative supply lead in some
sets. This permits grid bias to be derived
from the voltage drop across the field
(p. 50). Occasionally an extra section
may be added to the smoothing filter in
elaborate sets, consisting of an additional
choke in series with the supply and a
further condenser in parallel. In a few
receivers the smoothing choke may be
replaced by a resistance in conjunction
with condensers, but this resistance-
capacity smoothing arrangement is not
common.

A practical power supply circuit for an
AC receiver is shown in Fig. 45. Here T1
is the mains transformer, with a primary
winding tapped for different mains volt-
ages, and a switch S1 for on-off switch-
ing. Note that the core of the trans-
former is earthed to the chassis of the
receiver. Sometimes a screen, also
earthed, is incorporated in the trans-

former between primary and secondary
to reduce the possibility of mains-borne
disturbances entering the receiver circuits.

The transformer has three secondaries.
The lowest in the diagram supplies the
LT requirement of the receiving valves
(and scale lamps, if used). It is centre-
tapped, with the tapping earthed. The
valve rectifier heater is supplied by a
separate LT winding, one side of which
forms the positive connection to the
smoothing circuit. The third secondary
winding is for the HT supply to the
rectifier valve, its ends going to the
anodes of the rectifier. The centre-tap
forms the negative HT connection, and
goes to chassis (earth). The smoothing
circuit consists of the choke (or loud-
speaker field), L2, and the electrolytic
condensers C3, C4. Note their polarity
and the fact that since each negative
connection goes to chassis, it is possible
to use a double condenser unit, having
a common negative lead, but two separate
positives.

Fig. 45 also shows some additional
components, some or all of which may be
employed in certain receivers. They are
refinements, ho'wever, and are not ¢ssential
to the operation of the circuit. RI and
R2 are low-value (50 to 100 ohm) resistors
inserted in series with each anode circuit
of the rectifier for HT current surge-
limiting purposes. They also act to some
extent as RF stoppers. CS and C6 by-
pass to earth any parasitic RF currents
which may be introduced into the rectifier
circuit. Their value is usually of the
order of 0-01 uF.

C7 and C8 are mains RF by-passes,
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Fig. 44, a and b.

a—Basic full-wave valve rectifier circuit.

b—The conventional

condenser input smoothing filter.
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and form a filter which to a certain
extent suppresses mains-borne inter-
ference. It will be seen that their common
connection is earthed. Occasionally a
single condenser, connected between one
side of the mains input and chassis, is
employed. Values of 0-01 4F are common
for these condensers.

It has been mentioned that in certain
cases the smoothing choke (or speaker

too high for normal bias requirements, in
which case suitable tappings are sometimes
provided, but more usually a potentio-
meter is connected across the choke with
one or more tappings as required. This
is shown in Fig. 46b, where L4 is the
choke and R3, R4 form the potentiometer.
The total resistance of a potentiometer
connected in this way will be fairly high,
of the order of several hundred thousand

3]

Fig. 45—A com-
plete practical cir-
cuit of the power
supply section of
an AC receiver,
using a full-wave
rectifier., The
smoothing choke is
in the positive HT
lead. Several re-
finements are shown
which are not always
present in commer-
cial receivers.

field) may be inserted in series with the
negative HT lead. Fig. 46a shows part
of the circuit of Fig. 45 re-drawn with the
choke L3 in the negative lead, from the
centre-tap of the HT secondary of the
transformer to chassis. The rectifier
cathode then goes direct to the HT
positive line. Note the new positions of
the smoothing and reservoir condensers
C9 and C10, which are still one each side
of the choke. In this case, however, they
have a common positive connection to the
HT positive line, and two separate
negative connections.

With the choke connected as shown, the
DC voltage drop across it, due to the total
HT current of the receiver flowing through
it, may be used, if desired, for automatic
grid bias purposes. The lower end of the
choke is negative, relative to chassis, by
the amount of the voltage drop, so that
any valve in the set may be given this value
of bias by connecting the cathode of the
valve to chassis, and the grid return circuit
to the bottom of the choke.

In most cases the total voltage drop
across the choke (or speaker field) will be

50

ohms, in order to prevent any appreciable
HT current from by-passing the smoothing
choke.

In cases where the choke or speaker
field is in the positive HT lead, bias can
still be obtained by utilising the voltage
drop across resistors inserted in the
negative HT lead, as shown in Fig. 46c¢.
RS is the bias resistor through which the
total HT current of the receiver passes.
A chain of several resistors could be used
to provide more than one value of bias
voltage. The resistors used will in this
case have low values, of the order of 20 to
100 ohms, depending on the bias required
and the HT current drawn by the receiver.

Sometimes a by-pass condenser (C11)
is connected across the bias resistor or
potentiometer. This will have a capacity
of the order of SOuF, and it should be
noted that its positive lead will be con-
nected to chassis.

The methods of obtaining bias described
above merely supplement the usual method
of using a suitable resistor in series with
the cathode lead of each individual valve,
returning the grid circuit in each case to
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chassis. This was fully explained in
an earlier section.

AC/DC POWER SUPPLIES

HE problem of power supplies for
receivers which operate from DC or
AC mains at will is a somewhat different
one from that of purely AC mains
receivers. As has been seen, the advan-
tages of an AC supply is that it can readily
be transformed up or down, as necessary,
in order to provide power at the correct
voltage for low-tension and high-tension
requirements. This is not readily possible
in the case of DC supplies, for although a
reduced voltage can be obtained by the use
of series resistors, an increased voltage in
the case of DC involves the use of a rotary
transformer or a complicated conversion
to pulsating current, static transformation,
rectification and subsequent smoothing.
The disadvantage of a series resistance
to cut down the mains voltage to the lower

AC/DC Receivers

with parallel heater connections, the
heaters must all operate at the same vol-
tage, but the current consumption can
vary from valve to valve. In an AC/DC
receiver, with series heater connections,
all the heaters must operate at the same
current, but their voltages may be different.

With a view to reducing the value of the
series resistor necessary in the heater
circuit of an AC/DC receiver, it is cus-
tomary to use valves with higher heater
voltages than usual ; 13-, 20-, 25-, 30-,
35-, 40-, 45-, 50- and 70-volt heaters are
common, while the heater currents have
been more or less standardised at the
present time at one of three different
values—0-3, 0-2 and 0-15 amperes.

It is the latter range of valves which
usually has the higher heater voltages, and
it is common to find American receivers
designed for use on 110 V mains, whose
total heater voltage adds up almost to the
full mains voltage, so that only a small series
resistance is needed in the heater circuit.
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Fig. 46, a to c.

a—Part of the circuit of Fig. 45, but with the choke in the negative

HT lead. b—Using a potentiometer across the choke for automatic bias supply.
c—Automatic bias obtained by a series resistance in the negative HT lead.

value required for the heater supply of
normal valves is that considerable power
is lost in the resistor, and the arrangement
is not economical. Apart from this, there
is no reason why this method cannot be
employed.

In order to economise in power as far
as possible, it is customary to wire the
heaters of the valves in an AC/DC receiver
in series with each other, the only proviso
here being that the heaters must all be
rated to consume the same current. It is
important to notice that in an AC receiver,

It is customary to arrange the heater
circuit of an AC/DC receiver in a definite
order, since one end of the heater chain
will be at a fairly high potential relative to
earth, and there is always a tendency for
hum voltages to be introduced into the
valve under these conditions. A typical
arrangement of the heater chain of a
simple superhet is shown in Fig. 47. The
low potential end of the heater circuit
goes to chassis, which is also connected to
one side of the mains via the switch Sl.
The chassis should, however, be isolated
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from direct connection to earth by means
of the blocking condenser Cl1 of about
0-1 uF capacity, the reason for which will
be seen later.

The first valve, starting from the low
potential end of the chain will be the
demodulator, usually a double diode
triode, because hum is more prone to be
introduced into this valve than any other.
Next comes the frequency-changer, whose

resistance incorporated in the mains lead,
or even a plug-in resistance * tube,”
resembling a valve in external appear-
ance.

Another alternative is a barretter lamp,
which is a special form of resistance device
(often of iron wire in a bulb filled with
hydrogen gas) which has the property of
keeping the current flowing through it
sensibly constant over a wide range of
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Fig. 47—Diagram showing the principle of connecting the valve heaters in series,

together with a ballast resistance,

output, being considerably amplified, must

kept as free from hum as possible.
Next in the chain is the IF valve, and
following this is the output valve. Any
hum introduced here is only very slightly
amplified. Finally, there is the HT
rectifier valve, in which hum is unimpor-
tant. The series resistance R1 completes
the chain, and is connected, usually via a
second switch S2 (which is ganged with
S1) to the other side of the mains.

If a combined demodulator and output
valve is used (such as a double diode
pentode), this valve will usually become
the first in the chain from the low potential
end, on account of its demodulator
section.

The resistance R1 may be a wire-wound
component, tapped for different mains
voltages, or it may be a “line cord”

u ,’.H T+
+
C2 _"l c3
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(_}_ 0l RS

HEATER
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Fig. A8—A half-wave rectifier used to
obtain the HT supply in an AC/DC set.
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The chassis is isolated from earth by C1.

applied voltages. Very often ordinary
ballast resistors are described as barretters,
but actually the term should only be
applied to the self-regulating type of
ballast,

If scale or indicator lamps are needed
in an AC/DC set they are usually wired
in series with the heater chain. It should
be noted that they must be rated at the
same current as the valve heaters, and
should one fail, the heater circuit will be
interrupted and the set will stop working.
Sometimes they are shunted by a by-pass
resistor to avoid this, but in any case they
should be replaced as soon as possible.

We now come to the HT supply of an
AC/DC receiver, and the point to note
here is that the HT voltage is limited by
the mains voltage, since one cannot
transform DC to a higher voltage very
readily.

Early sets which o
merely used a smoothing filter for their
HT supply from the mains, but the later
type of AC/DC set obviously needs a
rectifier when the set is used on AC.
Fortunately, the insertion of a rectifier in
a set does not introduce any complication
when the mains happen to be DC, for the
rectifier valve under these conditions
merely acts as a resistance of low value,

The usual rectifier arrangement in an
AC/DC set is shown in Fig. 48, where a
half-wave rectifier is used. The end of the
heater chain with the rectifier heater and
ballast resistance R2 is shown. From the
same side of the mains a connection goes

rated on DC only
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(usually direct) to the rectifier anode ;
from its cathode is taken the unsmoothed
positive HT supply, which is subsequently
smoothed by the usual filter L1, C2, C3.

The negative HT connection is the other
side of the mains, which, of course, goes
to chassis. The need for a condenser (C1
in Fig. 47) to isolatc the chassis from
direct conmection to earth can be seen
when one realises that one side of the
mains supply is always earthed at the
power station. If this side happens to be
the same side as is connected to chassis
in the receiver, then the chassis could safely
be directly earthed. Without testing, how-
ever, one cannot be sure of this, and it may
prove that one side of the mains is earthed
at the power station, and the other side at
the receiver. This will place a dead short
on the mains supply, blowing the house
fuses.

The use of a condenser between true
earth and the chassis obviates this, while
still placing the chassis at earth potential
as far as RF, IF and AF currents are
concerned. Incidentally, it will be realised
that in an AC/DC receiver the chassis, and
any metal parts connected to it, will very
likely be at the full mains potential relative
to earth, and care should be taken when
handling a receiver under these conditions.

As in the case of AC receivers, AC/DC
models often include certain refinements
in their power supply circuits. A complete
circuit, showing various refinements, is in
Fig. 49. Some or all of the extra com-
ponents shown may be present in actual
receivers.

F1 and F2 are fuses in series with each
mains lead, while S3 and S4 form the
double-pole mains switch. L3 and L4
are low-resistance air-cored RF chokes
which, combined with the by-pass con-
denser C7 (of about 0-1 uF), form a
filter which prevents mains-borne RF
interference from entering the receiver.
R3 is the ballast resistor, tapped for mains
of different voltages. If a regulating
barretter is used, no mains adjustment is
necessary.

The heater chain is as in Fig. 47, except
that a scale lamp, shunted by a resistor
R4, is interposed in the chain between the
demodulator and the frequency-changer
valve heaters. In some sets the scale lamp
position will be different. R4 will be
a low resistance of from 20 to 50 ohms,
and must be capable of carrying the full
heater current in the event of failure of the
scale lamp.

RS, in series with the rectifier anode, is
a surge limiting resistance of about 50
ohms. The iron-cored choke L2 and the
electrolytic condensers CS, C6, form the
HT smoothing filter. C4 is the chassis
isolating condenser.

Grid bias in an AC/DC receiver is
obtained by the usual method of inserting
a bias resistor in scries with the cathode
lead of each individual valve to chassis.

Owing to the fact that there is usually
little, if any, anode voltage to spare in an
AC/DC receiver, it is common practice to
employ a permanent magnet loudspeaker,
and to use a low-resistance smoothing
choke for L2. In this way the voltage lost

R4
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Fig. 49—Complete AC/DC circuit for heater and HT supply, showing various refine-
ments, some or all of which may be present in actual receivers.
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in the smoothing circuit is minimised. If
an energised loudspeaker is used, this will
have a fairly low resistance field, of the
order of 500 ohms,

Occasionally an energised speaker will
be used with its field connected straight
across the smoothed HT supply for ener-
gising purposes. In this case, as was
mentioned when dealing with loud-
speakers, the resistance of the field will
be high (6,000 to 8,000 ohms), and a low

ircuits

TONE CONTROL CIRCUITS

ITH the last section we reached the

end of the step-by-step dissection
of a simple superheterodyne receiver, at
any rate as far as the main circuits are
concerned. There are, however, a number
of subsidiary parts of the main circuit, or
additions to it, which must be included in
a complete review. The tone control
arrangements form one of these additions
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Fig. 50, a to c—
Threc  examples
of simple variable
tone control in
the anode circuit
of the output
valve.
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resistance choke will be needed for HT
smoothing purposes.

1t will sometimes be found that in place
of a standard half-wave rectifier valve, a
full-wave or voltage-doubler type will be
used in an AC/DC receiver. In this case
they will be connected so as to operate as
half-wave types, and will usually have their
two anodes (and their two cathodes, in
the case of voltage-doublers) connected
together. Valves used in this way will be
capable of handling twice the rectified
current which would be obtained from an
ordinary half-wave rectifier with similar
characteristics to those of each half of
the double valve.

Another, but not very common, type
of rectifier (American) is one with a tap-
ping on its heater brought out to a
separate pin on the base. With this valve,
it is intended that a suitable scale lamp
shall be connected across one section of
the rectifier heater, and the lamp is,
therefore, not included in the series heater
chain in the usual way.
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which will now be considered in detail.

In the majority of simple receivers, the
tone control is arranged merely to reduce
the response of the receiver to the higher
frequencies, thus attenuating interference
whistles, background noises and general
‘““mush.” At the same time, the tendency
is to make the tone * mellow,” and to
reduce the intelligibility of speech, and the
fidelity of reproduction of certain instru-
ments, such as the violin, which rely
largely on high harmonics for their
characteristic tone. Such controls must
therefore be applied with discretion.

This type of tone control can be simply
achieved by placing a condenser in some
part of the circuit where it will by-pass
a certain proportion of the higher AF
signals, It will be appreciated that for
a given capacity, the higher the fre-
quency, the more readily will it be by-
passed through the condenser. Taking
a condenser of 0:01 uF capacity, this
behaves to an audio frequency of 5,000
C/S as a resistance of 3,000 ohms. To a
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50 C/S frequency, however, it acts as a
resistance of 300,000 ohms. Thus the
condenser is 100 times more effective in
by-passing a 5,000 C/S current than one
of 50 C/S.

In general, receiver designers use the
combination of a fixed condenser in
series with a variable resistance as a tone
control, so that at the maximum setting
of the resistance the condenser is least
effective as a tone control, while at the
minimum setting the condenser is most
effective, and the maximum degree of
attenuation of the higher frequencies is
obtained.

The most usual arrangements of a tone
control circuit are shown in Fig. 50,
where it will be seen that the control is
associated with the anode circuit of the
output stage. At a the condenser Cl
and variable resistance R1 are connected
in series across the primary of the out-
put transformer, while at b C2 and R2
are connected from anode to chassis.
The effect is the same in each case, and
the values of the components are similar.
The condenser usually has a capacity of
0:01 to 0-05 uF, while the variable re-
sistance usually has a maximum value of
50,000 ohms. Sometimes the free end of
the resistance in Fig. 50b is connected to
chassis.

Both arrangements shown in Fig. 50a

and b provide continuously variable tone
control, but in Fig. 50c 3-point control is
used, either with a 3-position switch, or a
plug and three sockets. C3 is the usual
condenser, and R3 is a fixed resistor of,
say, 10,000 or 20,000 ohms. With the
switch or plug in position 1, the tone
control is not in use, and the tone is
‘ brilliant.”” In position 2, C3 and R3
are in series from anode to chassis, and
the upper register is attenuated to a
certain degree. In position 3, C3 is
connected direct from anode to chassis,
and a higher degree of attenuation of the
upper register is secured.

In some cases the tone control arrange-
ments will be found in the anode circuit
of the first AF valve, the connections being
similar to those in Fig. 50b. It is then
unusual for C2 to exceed 0-01 uF, while
R2 may be as high as 500,000 ohms
maximum.

Tone control which merely involves the
reduction of the higher frequencies can
also be secured by the use of a resist-
ance-capacity filter in the grid circuit of
the output or first AF valve. An example
of this is shown in Fig. 5la. Here C4
(0-002 uF to 0-005 uF) and R4 (500,000
ohms to 2,000,000 ohms) form the tone
control. CS is the usual AF coupling con-
denser, and RS is the volume control.

Many receivers employ a simple form

St
Cs C
- -I:u
Co
C4=z
i
R4 RS R6
Cas=
2

c

Fig. 51, a to c—Examples of tone control and tone compensation in the grid or
anode|grid circuits of the first AF or output valve.
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of tone compensation which is designed
to reduce the upper register progressively
as the volume control is turned down.
The effect of this is to give an apparent
increase in bass response at low volume
levels and thus to compensate for the
falling off in the bass which always
appears to occur under these conditions.
The circuit for this is shown in Fig. 51b,
where it will be seen that the volume
control R7 is tapped near its lower end.
From the tapping are connected R6 and
C8 in series to chassis, and typical values
are 50,000 ohms for R6 and 0-01 uF for
C8. The tapping on R7 is usually at
between one-quarter and one-half of the
resistance from the chassis end. With
the slider at the top (maximum volume)
the compensation is at its minimum,
because the whole of the resistance of
the volume control down to the tapping
is between the filter circuit and the grid
of the valve. As the slider is moved
down to reduce the volume, R6 and C8
become more effective in cutting the
upper register. When the slider is opposite
the tapping, the tone compensation is at
its maximum. Below this it becomes re-
duced again, but one does not usually
work with the volume control as low as
this. It is not possible to make the tapping
too close to the bottom of R7, since the
low resistance between the tapping and
chassis would practically short-circuit R6
and C8.

Fig. 51b also shows another form of
tone control. C7 is the normal AF
coupling condenser, while C6, in series
with it, can be short-circuited by the
switch S1. With S1 closed, C7 only is
in circuit, and the tone is normal. With
S1 open, C6 and C7 in series produce a
low-value coupling capacity, which results
in a reduction in the bass response. This,
then, is the opposite of the more usual
““ top cut” tone control, and by a com-
bination of the two methods top cut, bass
cut, or both can be secured.

Yet another form of tone control is
shown in Fig. 51c. Here the filter C9, R8
is connected between anode and grid of
the output valve. C9 being about
0005 u¥* and R8 2,000,000 ohms maxi-
mum. With R8 at maximum, the feed-
back between anode and grid is slight,
and the tone is * brilliant.”” As R8 is
reduced, feedback increases, and the tone
becomes lower-pitched. R8 and C9 can

be replaced by a variable condenser
having a maximum capacity of 0°0005uF.

The tone control circuits described
are, of course, the simple ones to be
found in the average domestic receiver.
Specialised receivers or amplifiers may
have much more elaborate arrangements
which hardly concern us here. It should
be noted that in a sense variable selectivity
arrangements in the IF amplifier also
provide tone control, since in the least
selective positions a wide response is
secured, while in the position of maximum
selectivity there is a narrow pass band,
with a reduction in high frequencies.

NEGATIVE FEEDBACK

EGATIVE feedback is an arrange-

ment used in the AF section of the
receiver which can also be pressed into
use for tone compensation or control.
Normally it is employed to improve the
frequency response of the AF section of a
recciver, and to reduce harmonic dis-
tortion. At the same time, the stability of
the circuit is increased.

The principle used is to feed back from
the output to the input a portion of the
signal, arranged so as to be in opposite
phase to the incoming signal, thus reduc-
ing the value of the latter. Now if the AF
section of the receiver normally amplifies
the very low and very high frequencies less
than the middle register (as is usually the
case), the feedback at these frequencies
will be less than that at frequencies in the
middle register, so that the incoming
signal will be less reduced at the extreme
high and low frequency end, and this will
compensate for the deficiencies in the
amplifier.

Equally, any pronounced “ peak” at
a certain frequency in the amplifier will
produce a strong feed-back signal at
that frequency, and this will reduce the
input at the frequency concerned, and
so level up the response. This also tends
to reduce instability due to high amplifica-
tion of signals of certain frequencies.
Further, unwanted harmonics, when fed
back from the output, tend to be cancelled
out in the amplifier.

The advantages of negative feedback
are to some extent offset by the fact
that the overall gain of the amplifier is
reduced by the feedback. This, however,
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oan be easily countered by making
arrangements for extra amplification if
necessary ; often the gain of the AF
section of the receiver is sufficient to
enable negative feedback to be used
without increasing the number of stages
of amplification. The main usefulness of
negative feedback is in receivers using
single tetrode or pentode output valves.

The feedback voltage is usually taken
from the anmode circuit of the output
stage to the grid or cathode circuit of
this stage or the preceding one, by means
of feed resistors and condensers whose
values have to be worked out to give the
desired amount of feedback, in the
correct phase.

Fig. 52a shows one typical feed-back
circuit. From one side of the output
transformer secondary to chassis are
connected R9 and Cl1 in series to
chassis. R9 may be about 200 ohms, and
Cl11 4 uF. The voltage developed across
Cl11 is tapped off and taken to the junction
of R10 and R11 in the cathode circuit of
the first AF valve. R10 is the usual bias
resistor, with its by-pass condenser Cl12.
R11 is a low value resistor, of about
25 ohms.

Another feedback circuit is shown in
Fig. 52b. It provides in addition tone
compensation by being taken to a tapping
on the volume control (cf. Fig. 51b).
R12, R13 form a potentiometer across the
secondary of the output transformer, and
a connection is taken from their junction

to the tapping on the volume control R41
via the condenser Cl13. The feedback
effect then varies with the position of the
volume control slider.

Sometimes frequency discriminating net-
works are included in the feedback
circuit to modify its effect at different
frequencies. Thus a parallel choke and
resistance in series with the feed will
reduce the high note feedback, and will,
therefore, increase the amplification of
the upper register. It is also possible to
decrease the bass feedback, and so boost
the lower register. These extra circuits are
often cut in or out of action by means of
switches, which thus act as tone controls.

Finally, it may be said that a measure
of negative feedback can be secured by
omitting the by-pass condenser from the
cathode of the output valve to chassis.
The cathode bias resistor is then common
to both input and output circuits, and a
proportion of the total AF voltage in
the anode-cathode circuit is thus intro-
duced into the cathode/grid circuit, and
provides degeneration.

TUNING INDICATORS

HE need for fairly accurate tuning

of a superheterodyne receiver, owing

to its high degree of selectivity, has

resulted in the adoption of some means of

visual indication of correct tuning in a
large number of cases.

The earliest types of tuning indicator
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Fig. 52, a and b.

a—An example of simple negative feedback explained in the text.

b— Negative feedback which also provides tone compensation at low volume levels.
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made use of the change in anode current
of one of the valves controlled by the
automatic volume control system (usually
the IF valve) when a station was tuned in
It has been seen that on receipt of a strong
signal the AVC system supplies an in-
creased negative bias to the controlled
valves, thus reducing their gain.

The effect of the increase in bias is also
to reduce the anode current of the con-
trolled valve, and when a station is
accurately tuned this current will be at its
minimum. Any form of current indicator

valve. L1 and L2 are two chokes (or, more
accurately, reactors) wound on the same
iron core. L1 (by-passed by C2) is in
series with the IF valve anode circuit,
while L2, in series with an indicator lamp
is connected to a suitable source of AC
which serves to light the lamp. The heater
secondary of the mains transformer can
be used for this, or a separate secondary
winding may be provided.

When the set is not tuned to a station
the AVC bias will be low and the anode
current of the IF valve will be at maximum.
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Fig. 53, a to c. a—Simple meter type of tuning indicator. b—Arrangement of the

* dimming lamp > indicator circuit.

will therefore serve as a tuning indicator.

A pointer type of milliammeter is an
obvious choice and has been used by a
number of receiver manufacturers. Its
connections are shown in Fig. 53a, where
it will be seen that the instrument is
shunted by a by-pass condenser. Most of
the indicators used are simple devices,
consisting merely of a coil of wire in the
field of which is an iron armature to
which the indicating pointer is attached.
The DC resistance of the indicator wind-
ing is usually of the order of 2,000 ohms,
but its impedance is, of course, high, and
the RF and IF by-pass condenser C1 is
therefore necessary.

Another form of tuning indicator which
obtained a measure of popularity was the
* dimming lamp ”’ type, so called because
the effect of tuning +in a station was to
cause a pilot lamp to become less bright,
the position of minimum brightness being
the correct tuning position.

The arrangement of this type of indi-
cator is shown in Fig. 53b, and it is con-
.mected in the anode circuit of the IF

c—Button type of neon indicator.

The current flows through L1 and
magnetises the common core of L1, L2.
The effect of this is to reduce the im-
pedance of L2, and under these conditions
matters are arranged so that the lamp
glows brightly.

When a station is tuned in, the AVC
bias increases, the anode current of the
IF valve is reduced, L1 magnetises the
common core to a smaller extent, so that
the impedance of L2 increases, and,
being in series with the lamp circuit, it
causes the lamp to dim. At the correct
tuning point the lamp is at its minimum
brilliance.

A third form of tuning indicator,
shown at Fig. 53c, is of the neon bulb
variety. This is a simple form known
as the * button >’ type, which is dim when
no signal is being received, but glows
brightly when a station is tuned in. It
operates from the anode voltage of one
of the AVC-controlled valves via a
feed resistance R2. The cathode of the
indicator is connected to chassis. Tappings
are usually arranged on R1, the anode



The Cathode Ray Tuning Indicator

decoupling resistance of the controlled
valve, for adjusting the neon indicator to
its optimum setting.

A more elaborate type of neon indi-
cator, shown at Fig. 54a, is of the tubular
type, in which a column of light is pro-
duced, the length of the column varying
with the applied voltage. As before, the
anode voltage of one of the AVC-con-
trolled valves is used to operate the device.
The cathode is a rod running the length
of the tube, and is connected to chassis.
The anode is fed via resistance R4, and R3
can be adjusted for optimum operation of
the tube. A third electrode, known as the
priming electrode, is fitted, and this is
fl'gtsi from the HT line via a high resistance

Occasionally it will be found that
different connections for the priming
electrode and the cathode are used.
Thus the cathode may be fed with about
100 volts positive, while the priming
electrode is taken to chassis via a resist-
ance.

Finally, we come to the cathode-ray
type of tuning indicator, sometimes
known as the ‘ magic eye.”” This is by
far the most popular type at the present
time, since it can be made to have a high
sensitivity, enabling it to indicate the
tuning points of weak stations, as well
as strong ones. The usual circuit for
this type of indicator is shown in Fig. 54b.
The indicator actually consists of a
triode amplifier and a miniature cathode-
ray device in the same envelope, the
screen of the CR section being visible
through the end of the tube. It has the
usual heater/cathode assembly. Elec-

trons from the cathode strike the target
anode (T), which is maintained at the
full anode voltage of the receiver. This
produces the usual glow on the target.

Between the cathode and the target,
however, is a ray control electrode
(RCE), which is connected internally to
the anode of the triode amplifier (A),
and therefore takes the same voltage as
the anode. This ray control electrode
produces a shadow on the target, the
angle of the shadow depending on the
voltage of the electrode. With a low
voltage a wide shadow is produced and
vice versa. The shadow is sharply de-
fined and is very sensitive to voltage
changes.

In use the control grid of the triode
section is connected to a point in the
receiver where the negative voltage varies
according to the signal. For instance,
the AVC line can be used for this purpose,
or the signal diode circuit can be em-
ployed. Assuming the AVC line is used,
no signal means that there is zero voltage
on the AVC line, and therefore no bias
on the control grid of the indicator.
This means a high anode current, which,
since the anode is fed via a high resistance
R6 (about 1 megohm), produces a low
anode voltage, which, applied to the ray
control electrode, produces a wide shadow
angle.

As a station is tuned in, the control grid
becomes negatively biased, reducing the
anode current, increasing the anode
voltage and the ray control voltage, and
reducing the shadow angle. On a strong
signal the shadow may disappear alto-
gether, and overlapping of the edges of

Fig. 54, a and b.
a—Variable
column type of
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the glow may occur, but this is usually pick-up connection, one of which goes to
avoided in the design as far as possible. chassis, and the other to the top of the
A dual type of indicator is now avail- volume control via switch S2. When S2
able, with one section sensitive, for weak is closed, the pick-up is connected in
signals, and the other less sensitive, for circuit, and at the same time S1 opens,
strong signals. It should be pointed out disconnecting C1 and thus muting radio
that the cathode-ray type of tuning in- signals. When the set is switched to
dicator could be used on any set, whether  “ radio,” S2 opens and S| closes, enabling
provided with AVC or not, since it merely radio reception to be obtained in the
needs the signal to produce a certain usual way.
change in voltage in some part of the This arrangement is perfectly satis-
receiver. An anode bend detector, for factory providing that the output from the
instance, fulfils the requirements in its pick-up is large enough to load the AF
anode or cathode circuit. amplifier sufficiently for the output
requirements.

GRAMOP HONE In receivers in which the diode de-
REPRODUCT'ON modulator is directly coupled to a high
efficiency output pentode or tetrode, the
ANY modern receivers include pro- average pick-up will not always have an
vision for the use of a gramophone adequate output for use in this circuit.
pick-up when desired. The output from In this case the extra amplification must
the pick-up, of course, merely needs AF  be obtained by making some other valve
amplification in the radio receiver. in the receiver act as an AF amplifier.
The most usual arrangement is to feed There are various ways in which this
the pick-up voltages into the first AF can be done, one being to cause the IF
stage of the receiver, and to use the radio  amplifier valve to act as an AF amplifier
volume control also for controlling the when the receiver is switched to ““ gram.”
pick-up output. It 1is desirable, In Fig. 55b, the pick-up is included in the
though not essential, to arrange to switch  grid circuit of the IR valve, via switch S3.
the pick-up out of circuit when radio S4 is inserted in the lead to the bottom
reception is desired, and vice-versa. The of the first IF transformer secondary to
usual circuit is shown in Fig. 55a. Cl is mute radio on gram. R2, in series with
the AF coupling condenser from the the anode circuit of the IF valve, is used
signal diode load, which is connected as as the load resistance when the IF valve
usual (but via switch S1) to the top of the is acting as an AF amplifier, but is short-
volume control R1. circuited by S5 on radio. From the bottom
Two terminals are provided for the of R2 alead goes, via S6, to C2, which is
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Fig. 55 a to c. a—Simplest gramophone pick-up circuit. b and c—Methods of
using the IF valve as an AF amplifier for gramophone reproduction.
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the normal AF coupling condenser.
The radio connection to C2, from the
signal diode load resistance R3, goes via
S§7. R4 is the normal volume control.

On radio, S3 is open, S4 closed, SS
closed, S6 open and S7 closed, and the
circuit is normal. On gram, S3 is closed,
bringing the pick-up into circuit; S4 is
open, muting radio ; S5 is open, bringing
the load resistance R2 into circuit ;
S6 is closed, passing the amplified AF
voltages via C2 to R4.

Another arrangement is shown in Fig
55c. Here the screen of the IF valve is used
as an anode on gram, the valve working
as a triode amplifier. The pick-up is
connected between the secondary of the
first IF transformer and chassis, and is
short-circuited by S8 when the set is
switched to radio. RS and C3 are the usual
screen feed resistance and decoupling
condenser on radio, S9 being closed. On
gram, however, S8 opens, putting the
pick-up into the grid circuit of the valve,
S9 opens and S10 closes. when RS acts as
the *‘“anode” load resistance of the
valve, and C3 becomes the coupling
condenser to the volume control.

Finally, the triode oscillator section of
a frequency-changer can be used as an
AF amplifier, as shown in Fig. 56. Here
we have a parallelfed tuned anode
oscillator circuit (c.f. Fig. 11b). The
pick-up is connected into the grid circuit
of the triode via switch S11, which closes
on gram, while S12 opens, muting radio.
The anode feed resistance R6 now be-
comes the load resistance for AF ampli-
fication, while the anode coupling con-
denser C4 becomes the AF coupling con-
denser. The amplified AF voltages are
picked up at the bottom of C4 and taken
via switch S13 to the top of the volume
control. The normal coupling condenser
for radio (CS) is disconnected by switch
S14. On radio, S11 opens, S12 closes, S13
opens and S14 closes, giving the normal
radio circuit. The tuned anode coil circuit
will also be opened on gram by one of the
normal wavechange switches, thus isolat-
ing the bottom of C4 from chassis.

The arrangements described are some-
times altered in detail, but similar prin-
ciples are usually employed.

In the case of AC/DC receivers a com-
plication arises in that one side of the
pick-up, in the circuits shown, is in direct
or indirect electrical contact with the
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chassis of the receiver. The usual plan to
avoid this is to isolate the pick-up by
means of a double-wound AF transformer,
or by fixed condensers inserted in series
with each pick-up lead. These condensers
must, of course, be capable of withstand-
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Fig. 56— Using the triode section
of the frequency-changer as an AF
amplifier.
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ing the full mains voltage, since the chassis
of the set may be at this potential relative
to earth potential.

CONCLUSION

HE scope of this book has now been
fulfilled.  Superheterodyne circuit
arrangements which have not been
covered come into a more advanced class.

It is suggested that the student should
now obtain a number of complete circuits
of commercial superhet receivers, and
should study them carefully, attempting
to split them up into their various sections
on the lines which have been indicated.
With practice, and by reference to various
sections of the book, this will soon be
found to be a reasonably simple matter.

Once it is found possible to take a
complete circuit, no matter how com-
plicated, and resolve it into its component
sections, the student will be well on the
way to a complete understanding of its
operation, and of fault location and
repair.

If this book has given the reader con-
fidence to tackle what at first sight may
seem an incomprehensible jumble of
components and wiring, it will have
achieved its object.
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volume control, 5, 24, 29- 34
, delayed, 31-34 Octode, 20
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Band-pass tuning, 4, 9-11 valve as AF amplifier, 61
Barretter, 52 Output stage, paralleled, 40
Beam tetrode, 39 ,» push-pull, 40-44

Choke, smoothing, 49, 50, 53, 54

Circuit, gramophone pxck-up. 60, 6

——, parallel-fed, 8,

, series-fed, 8

Circuits, demodulation (see Demodulation)
Class B coupling. 44,

Padder (see Tracker)
Pentagrid (see Heptode)
Pentode, output, 35

, RF, 12, 17, 23, 27, 28
Phase-spliuing. 41. 42

Coils, coupling, 6, 7’ Pick-up, gramophone, 60, 61
{ Power supplies, AC, 47-50
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, trimmer, 9, 23
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, auto-transformer, 36
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—_— , push-pull RC, 40-42 Rectifier valve, full-wav:. 48, 54
—— ——, QPP, 43, 44 , half-wave, 48, 52-54
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, transformer, 35, 36, 42-44

—— £ h-pull, 42 Selectivity, variable, 26, 27
TTTE, 2327 O mer pusp Smoothing circuit, 49, 33, 54
ZRE 13, 14 Speech coil, 4547

¢ Straight * receiver (see Receiver TRF

Decoupling, 39 Superhet principles, 3-5

Detection (see Demodulation

Delay voltage, 31-34 Tetrode, ou(put. 35

Demodulation, 5, 27-29, 34 b RF, , 12, 17, 23, 27

Diode, 28-30 Time consmnt, 33, 34

Double diode, 29, 30 Tone compensation, 56, 57

—— —— pentode, 29, 38, 5 control, 54-56

_ triode, 29, 32, 37-39 —— correction, 39

Driver stage, 44 Tracker, 17, 21-23
Transformer, AF, 35, 36, 4244

Extension speaker (see Loudspeaker, external) b i‘l}x;iv;;, g‘;

, iron dust cored, 24, 25

Field coil, 46, 47, 49, 50 ¢
Frequency-changers, carly, 17-19 —— tri le-‘:gned. 25
—— modern, 20 —, maios, 48,
2-valve, 20 o RO I S T e
Frequency-changing, 3, 4, 14, 15 Tsf:nduel,eﬁlg::;pﬁge??'f rigine;
. , demodulator, 27
Grid stopper, 38, 39 Triode-heptode, 20
Triode-hexode, 20, 21
Heater circuit, AC/DC, 51-53 Triode-pentode, 1
Heptode, 18, 19 Tuned input circuits, 7-9
Heptode-mixer, 20 Tuning indicators, 57-60
Hum coil, 46, 47 Tuning indicator, cathode ray, 59, 6@
——, * dimming lamp,” 58
IF filter and rejector, 7, 12 ——, meter, 58

, neon, 58, 59

IF valve as AF amplifier, 60, 61

Image signal, 15

Intermediate frequency, 14, 15 Valve, RF, 12
» staggered, 25, 26 , variable-mu, 12, 29

Volume coatrol, 30, 37, 38

Loudspeaker circuits, 4547
Loudspeaker, external, 47
——, moving coil, 4547 Westector, 28
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