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‘This pamphlet deals with the reception of amplitude-modulated waves only.

A radio receiver is designed to produce an audio-frequency output
corresponding to the modulation of the wanted signal received at the aerial.

At any particular instant several signals of different frequencies may
simultaneously exist in the aerial, The first function therefore, of a receiver
is to select the wanted signal, This selection is most easily carried out by

utilizing the rescnant effects of tuned circuits.

In addition to selection, the required signal must also be amplified in
orcder that the input to the detector is sufficient for distortionless detection.

A third requirement is that the audio frequency output of the detector be
amplified in order to obtain sufficient power to operate the loudspeaker.
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The simplest way of satisfying these requirements is to use a Tuned Radio
Frequency (T.R.F.) receiver, a block diagram of which is shown in Fig. 1.

RADIO OuTPUT
FREQUENCY DETECTOR
STAGE
AMPLIFIER

LOUD
SPEAKER

Fig. 1

It can be seen that a T.R.F. receiver consists of a radio-frequency amplifier,
a detector, an output stage and a loudspeaker. The T.R.F. receiver, however, has
a number of serious disadvantages which make it unsuitable for use with the crowded
frequency bands of the present day.

The ability of the T.R.F. receiver to select the desired signal from others on
ad jacent frequencies is limited by the number of tuned circuits which can be
incorporated without complicating the tuning arrangements of the receiver.

All the tuned circuits in this type of receiver have to be variable, Therefore
if a number of controls is to be avoided, some means must be adopted for tuning all
the circuits from one control, Unfortunately the greatest number of circuits which
can be so controlled without excessive practical difficulties is four, and this
number is seldom really adequate for the precise tuning required nowadays.

In addition, it must be remembered that an amplitude-modulated carrier wave
consists of the carrier and sidebands and if reasonable quality reception is to be
obtained these frequencies must be received with the relative magnitudes of the
components substantially unchanged. A combination of single-tuned circuits tends,
however, to select one frequency only and to reject the sidebands., Consequently,
when single-tuned circuits are used, good selectivity is unobtainable without
impairment of quality. It might be thought that band-pass circuits could be used
but it is found that the bandwidth of such circuits varies with the frequency of
operation, '

A further disadvantage of the T.R.F. receiver is that the amount of r.f.
amplification that can be employed is limited by the difficulties of avoiding
oscillations in variable-tuned r.f, stages,

Most of the difficulties mentioned could be overcome if the selecting circuits
worked at a fixed radio frequency and any desired signal frequency could be converted
to this fixed frequency. This is the principle of the Superheterodyne Receiver,
which combines the advantages of a fixed-frequency amplifier with variable tuning,
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'THE SUPERHETERODYNE PRINCIPLE

" Most of the difficulties experienced with a T.R.F. receiver result from having
to tune over a wide range of frequencies. The design of an amplifier for use at
one fixed frequency is comparatively easy, variations of gain and selectivity with
frequency no longer presenting any problem., If, therefore, it were possible to
convert any desired signal frequency to a fixed frequency, a much more efficient

‘receiver could be designed,

In a superheterodyne receiver the desired signal frequency is converted to a
fixed radio frequency, known as the intermediate frequency (i.f.), by a process
known as 'frequency changing'. In a frequency changer the desired signal frequency
is combined with the output of a variable-frequency oscillator to give an output
which contains frequencies equal to the sum and difference of the signal and
oscillator frequencies, For reasons explained later in the pamphlet the difference
is generally chosen as the intermediate frequency. Thus, by varying the frequency
of the local oscillator any desired signal frequency may be converted to the
intermediate frequency.

The choice of intermediate frequency is determined by a compromise between two
conflicting factors, A low intermediate frequency is desirable in order to obtain
high amplification with good selectivity without instability difficulties., A high
intermediate frequency is desirable in order to obtain a good 'signal of image
ratio' as will be seen later, In this country an intermediate frequency of between
460 kHz and 470 kHz is generally chosen, since these frequencies represent a
reasonable compromise between the aforementioned factors. For simplicity, an inter-
mediate frequency of 465 kHz will be considered throughout this pamphlet.

It has been stated that the intermediate frequency is equal to the difference
between the signal frequency and the frequency of the local oscillator, Thus
with an intermediate frequency of 465 kHz the local oscillator must be tuned to a
frequency either 465 kHz greater than, or 465 kHz less than, the desired signal
frequency. If the oscillator frequency, f,, is higher than the signal frequency,
£y, the intermediate frequency will be f, - £, If the oscillator frequency is
lower than the signal frequency, the intermediate frequency will be £, - .

It would appear that the frequency of the local oscillator could be adjusted
to either 465 kHz above the signal frequency or 465 kHz below the signal
frequency. In practice however, the local oscillator frequency is made higher
than the signal frequency since a considerable advantage is gained by doing so.

Consider that a particular receiver operates over a frequency range of
550 kHz to 1500 kHz., If the frequency of the local oscillator is set higher
than the signal frequency the oscillator must vary from (550 + 465) kHz to

(1500 + 465) kHz or 1015 kHz to 1965 kHz, a frequency ratio of %%%% or 1.9,

If the frequency of the local oscillator is set lower than the signal frequency
the oscillator must vary from (550 - 465) kHz to (1500 - 465) kHz or 85 kHz to

1325 or 12,2,

1035 kHz, a frequency ratio of

There is a practical limitation to the range of frequencies which can be
tuned by a single inductor and a variable capacitor, owing to the set minimum and
maximum values of capacitance obtainable, A frequency ratio of 1.94, required when
the frequency of the local oscillator is set higher than the signal frequency, is
easily obtained but a frequency ratio of 12,2 would prove very difficult.
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The difference frequency is generally chosen as the intermediate frequency
because it is easier to obtain the desired amplification and selectivity at a
fairly low radio frequency, and as explained in the previous paragraph, it is
desirable for the signal frequency to be lower than the local oscillator frequency.

‘Second Channel Interference

A superheterodyne receiver has one disadvantage which necessitates the use of
at least one signal-frequency tuned circuit before the frequency changer.

Consider that a signal frequency, f , is to be received. Then the frequency of
the local oscillator must be f,, where f, - f5 equals the intermediate frequency,
There will, however, be another signal frequency, known as the image frequency, f,,
which will also combine with the local oscillator frequency to give an output at
the intermediate frequency, i.f. '

‘This frequency, f;, will be such that £; - £, = i.f.

£, = £, + i.f,
7fo = 7f$ + i.f.
£, = £, + 2 xi.f.

The image signal is separated trom the wanted signal by twice the irtermediate
frequency. Thus, if the image signal is not to be received, variable tuned circuits
must be provided, before the frequency changer, which will reject the image signal
when the receiver is tuned to the signal frequency. These tuned circuits must be
variably tuned because the desired signal frequency, and thus the image frequency
will vary.

It is not difficult to provide the necessary rejection of the image frequency
if a high intermediate frequency is employed, when the frequency spacing between
the signal and image frequencies may be an appreciable fraction of the signal
frequency. The usual intermediate frequency employed in broadcast receivers is
465 kHz, giving 930 kHz separation between the signal and image frequencies,

The suppression of second-channel interference is of'ten inadequate with short-
wave receivers, When a normal intermediate frequency of, say, 465‘kHz,\is employed
it is difficult to obtain sufficient selectivity to give adequate rejection of image
signals at very high frequencies since the 930 kHz separation will be only a few
per cent off-tune.

To overcome this disadvantage receivers built especially for short-wave
reception employ two different intermediate frequencies and two stages of
frequency~changing, By using a higher frequency for the first i.f. stage there is
a greater frequency difference between the wanted and image signals, and thus the
response of the receiver to image signals is reduced. ‘

Signal to image ratio

If the desired signal and the image signal are applied at equal strength, in
turn, to the aerial of a receiver, and the receiver tuned to the frequency of the
desired signal, the ratio of receiver output voltage obtained from the desired
signal to that obtained from the image signal is known as the signal to image
ratio, This ratio should be of the order of 60 dB for good image rejection,

b,
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The signal to image ratio is dependent upon the selectivity of the r.f. tuned
circuits preceding the frequency changer and upon the value of the intermediate
frequency, because an increase in the value of the intermediate frequency increases
the frequency spacing between the desired signal and the image signal,

Second channel whistle and crosstalk

Consider the case of a receiver in which the r.f. tuned circuits do not
completely prevent the passage of the image signal but merely attenuate it.

Assume the receiver is tuned to receive a signal of 1500 kHz, when the
frequency of the local oscilletor will be (1500 + 465) kHz or 1965 kHz. The
frequency of the image signal will be (1500 + 930) kHz or 24.30 kHz, and an unwanted
signal at the intermediate frequency will be present in the output of the frequency
changer. Thus the output of the receiver will contain two signals, one due to the
desired signal and the other due to the image signal. However, the a.f. output due
to the image signal is at a much lower level than the wanted output and thus appears
in the form of overhearing or crosstallk,

Consider now that a signal at 2432 kHz appears in the aerial, i.,e, 2 kHz from
the image signal., This signal will be attenuated by the r.f. stage and will
produce an intermediate frequency of (2432 - 1965) kiz or 467 kHz, This frequency
is too near the intermediate frequency of 465 kHz to be rejected by the band-pass
circuits of the i.f. amplifier and will appear at the input to the detector together
with the wanted signal. The presence of these two frequencies at this point results
in a 2 kHz whistle in the output of the receiver. Such a whistle is known as
'second channel whistle', ,

In a similar manner, slight detuning of the local oscillator will also produce
whistles in the output of the receiver. Assume that, as before, a signal of 1500 kiiz
is to be received and that the frequency of the local oscillator is 1966 kHz instead
of 1965 kHz. TFrequencies of (2430 - 1966) kHz and (1966 - 1500) kHz or 46l kilz and
466 kHz will be produced, resulting in a 2 kHz whistle in the output of the receiver,

The whistle will vary in frequency as the receiver is tuned over a small range
of frequencies either side of the wanted signal, This is illustrated by Table 1.

TABLE 1
I.F. DUE T0 | I.F. DUE TO FREQUENCY OF
RECEIVEZR TUNLD | - OSCILLATOR TUNED 1500 kHz 2,30 kHz WHISTLE IN THE
T0 (kHz) T0 (kHz) WANTED SIGNAL| IMAGE SIGNAL| RECEIVER OUTFUT
(kHz) (kHz) (kHz)
1504 1504 + 465 = 1969 469 467 8
1503 1968 468 462 6
1502 1967 L67 463 4
1501 1966 L66 L6l 2
1500 1965 465 465 0
1499 1964 L6k 466 2
1498 1963 L63 467 4
1497 1962 462 468 6
1496 1961 461 469 8
5.
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In a well designed receiver, the r.f. tuned circuits will attenuate the image

signal to an extent sufficient to prevent second channel whistle becoming
noticeable.

Interference Due to Signals at. or Near, the Intermediate Freguency

Another form of interference to which a superheterodyne receiver is prone is
that due to signals at, or near, the intermediate frequency of the receiver, If
such a signal is able to penetrate as far as the i.f. amplifier, it will be
amplified and cause a whistle to be heard superimposed on every station received.

To prevent such signals reaching the i.f. amplifier, a simple rejector circuit
tuned to the intermediate frequency, may be placed in series with the aerial,

The r.f. tuned circuits cannot be used to block such signals since the low
frequency end of the medium waveband is near to the 465 kHz intermediate frecuency.

Intermodulation

‘Whistles may also be caused by signals, differing in frequency by the inter-
mediate frequency, which, if allowed to reach the frequency changer, will produce
a signal at the intermediate frequency. This signal will produce whistles as the
receiver is tuned by beating with the intermediate frequency produced by the
wanted signal,

Intermodulation is prevented by making the r.f, tuned circuits sufficiently
selective to prevent the interfering signals reaching the frequency changer,

Sideband (Adjacent-Channel) Interference

‘ In Europe the spacing of medium wave broadcast stations is only 9 kHz and a
whistle at this frequency will be heard if the level of an adjacent signal is less
than approximately 60 dB down on the level of the wanted signal at the input to the
detector.

This form of interference can only be reduced by the band-pass circuits of the
i.f, amplifier, This requires that the band-pass circuits employed must have a gain/ .
frequency response that is uniform over a bandwidth of 465 kHz * L.,5 kHz, i.e. a )
bandwidth of 9 kHz, and falls rapidly at frequencies outside this band.

Local Oscillator Radiation

Another common type of interference is caused by radiation of ‘the local-
oscillator signals from receivers, In many of the cheaper makes of superhetero-~
dyne receiver, not provided with an r.f. stage, a considerable amount of r.f,
current at the oscillator frequency may find its way into the aerial circuit and
be radiated from the aerial. The way in which this radiation causes interference
with other receivers can be seen from the following example,
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From certain areas of the country reports have been made of interfering
whistles heard by listeners tuned to 1151 kHz. It has been found that the inter-
ference is caused by certain nearby receivers tuned to 692 kHz, In a receiver using
an intermediate frequency of 460 kHz and tuned to 692 kHz, the frequency of the
local oscillator is 1152 kHz. If this oscillator frequency is strongly radiated
from the receiver aerial, it will be received by neighbouring receivers tuned to
1151 kiz.

The r.f, tuned circuits of the receivers will not be able to discriminate
between signals of 1151 kHz and 1152 kHz and therefore both signals will reach the
frequency changer and combine with the local oscillator frequency of 1611 kHz to
produce frequencies of 460 kHz and 459 kHz, These two frequencies will beat
together and produce an audio frequency of 1 kilz,

Radiation from the local oscillator of some receivers can cause interference
up to 250 yards and in closely populated areas many receivers may be affected,
Efficient screening of the oscillator circuit and the provision of an r.f.
amplifier stage are essential for complete prevention of the interference radia-
tion, Also in cases of persistent local interference of this nature the trouble
may be overcome by altering the intermediate frequency of interfering receivers.

'Harmonics of the Intermediate Freguency

" Harmonics of the intermediate frequency are generated by the detector stage
and, if the screening and layout of the r.f., circuits are poor, may be fed back
into the r.f. circuits,

Consider a receiver having an intermediate frequency of 465 kHz and tuned to
a frequency of 928 kHz. The second harmonic of the intermediate frequency is
930 kHz and if this appears in the r.f, circuits it will beat with the wanted
signal and produce a 2 kHz whistle,

"Harmonics of the Local Oscillator Frequency

Harmonics of the local oscillator frequency may beat with unwanted stations
%o produce signals at the intermediate frequency.

Consider a receiver tuned to receive a 600 kHz signal. The frequency of the
local oscillator will be (600 + 465) kHz or 1065 kHz, The second harmonic of this
is 2130 kHz. If signals at (2130 * 465) kHz, i.e. 1665 kHz or 2595 kHz, are
present at the frequency changer they will produce intermediate frequencies that
will beat with the wanted intermediate frequency and produce a whistle that varies
in pitch as the tuning of the receiver is altered, '

This form of interference can be limited only by improving the selectivity
of the r.f. tuned circuits and thus reducing the level of the interfering signals

7.
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Functions of the Various Stages of a Superheterodyne Receiver

A block diagram of a superheterodyne receiver is shown in Fig. 2. It can be
seen that a superheterodyne receiver consists of a radio-frequency circuit, a
frequency changer plus a local oscillator, an intermediate-frequency ampllfler a
detector, an audio-frequency amplifier and a loudspeaker,

FREQUENCY

- CHANGER _
' ]
1 |
1
R.F. ' H IF. A.F
: DETECTOR -
/ CIRCUIT f : MIXER : T AMPLIFER f f AMPLIFIER
I+ 5 I, + other (Lt1) fo—Ts at. LOUDSPEAKER
+other frequencies frequencies +other frequencies
]
1 fo
1
1
' LOCAL
A : OSCILLATOR
e J
Fig. 2

The input to the r.f. circuit consists of all the frequencies simultaneously
present in the aerial and one of the functions of the r.f. circuit is +n suppress
the image signal together with those signals which would cause intermodulation.,
In some cases the r.f., circuit also includes an r.f. amplifier thus improving tie
signal-to-noise ratio of the receiver,

The r.f, circuit also provides a means of efficiently coupling the aerial to
the receiver proper in order to utilize as efficiently as possible the r.f. energy.
in the aerial.

The output of the r.f, circuit thus consists of the signal frequency, 0
plus certain other .frequencies not removed by the r.f. tuned circuits. These
frequencies are fed into the frequency changer together with the output of the
local oscillator,

- The function of the frequency changer is to convert the signal frequency, f
to the intermediate frequency of the receiver as efficiently as possible. It
should be noted that, in practice, the frequency changer and local oscillator
valves are often combined within a single envelope.

s

The output of the frequency changer contains the .intermediate frequency,
fo - fs, plus certain other frequencies, and is fed into the i.f. amplifier,

The i.f. amplifier provides most of the gain and selectivity of a super-
heterodyne receiver and has a gain and bandwidth that remain constant for all
values of signal frequency. The amplifier employs double-tuned coupled circuits
that have a bandwidth of approximately 9 kHz centred on 465 kHz and therefore
the output of this stage consists of the intermediate frequency, f, - f,, only.

v ®
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‘The function of the detector stage is to extract the audio frequency intelli-
gence contained in the output of the i.f. amplifier. In modern receivers the
detector is almost always a diode detector, since this type of detector introduces
very little distortion and also provides a d.c. output which is proportional to
the level of the carrier received and may be used for Automatic Gain Control.

The a,.f. amplifier is a power amplzfier and provides sufficient a.f. power to
operate the loudspeaker,

Selectivity

- The selectivity of a radio receiver is its ability to discriminate between
the desired signal and signals at other frequencies,

Phe selectivity is fully expressed by a response curve, consisting of the
output of the receiver plotted against the frequency of the input signal and
referred to the point of maximum output. A typical selectivity curve is shown in
Fig. 3.
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It can be seen that the curve exhibits a reasonably flat top and fairly steep
sides. The flat top means that the response of the receiver will be the same for
the extreme side frequency components of the modulated input signal as for the
carrier component., The steepness of the sides of the curve is advantageous since
adjacent channel interference will be minimized.

The selectivity of a receiver is determined mainly by the characteristics of
the band-pass circuits incorporated in the i.f., amplifier,

Sensitivity

The sensitivity of a radio receiver is a measure of the least r.f. input which
will produce a specified a.f. output under given conditions, It is usually
specified that the a.f., output should be 50 mW in a load of equivalent impedance to
the loudspeaker, with a signal-to-noise ratio of 15 dB, and that the input signal
should be 30% modulated at 400 Hz. The sensitivity is expressed as the input in
microvolts applied under the prescribed conditions.

‘A typical sensitivity curve for a superheterodyne receiver is shown in Fig. k4.
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The most important factor determining the sensitivity of a radio receiver is
the gain of the i.f. amplifier,

Gain-Frequency Response (Fidelity)

The gain-frequency response of a receiver is the characteristic obtained by
plotting the a.f. output of the receiver against modulating frequency at a fixed
modulation depth, with the receiver terminated in a pure resistance, Or in other
words, the fidelity of a receiver is the degree to which the a.f. output of the
receiver resembles the modulation of the modulated signal received at the aerial,
Fig., 5 shows the gain-frequency response of a typical receiver. It can be seen
that the high frequency end of the characteristic falls rapidly at approximately
4.5 kHz, thus further reducing any vestige of the adjacent channel signal that has
passed through the i.f, stages., 10 !
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The gain-frequency response of the receiver at the lower modulation frequencies
is mainly determined by the 1.f. characteristics of the a,f, amplifier. The
response at the higher modulation frequencies is determined partly by the h.f,
characteristics of the a.f, amplifier and pgartly by the attenuation suffered by the
upper side frequency components in the i.f. amplifier.

Ganging

When two or more variable capacitors are arranged to be simultaneously rotated
by a single control they are said to be 'ganged'.

Ganging of the variable tuned circuits of a superheterodyne receiver is
employed in order to simplify tuning
of the receiver. With one or more

mgéﬁlT gls:éb'hémn r.f. tuned circuits to be adjusted
to a single frequency, and since the
wanted signal frequency and the
frequency of the local oscillator
must differ by the intermediate
frequency, the sensitivity and selec
tivity of a receiver depend upon the
preciseness of the tuning.

‘e PADDING CAPACITOR
TRIMMING
1 CAPACITOR

] Tuning of a receiver is easiest
TRIMMING ! GANGED CAPACITOR

CAPACITOR | ' when the r.f, tuned circuits are
REHAA T T mmo-- 4 identical and the tuning capacitors
) of the r.f. circuit and the local
Fig. 6 oscillator are ganged, It is

desirable that the sections of the
ganged capacitor are identical and any difference in the value of capacitance
required to be obtained by placing small, pre-set, capacitors either in series with,
or in parallel with, the ganged capacitors as shown in Fig. 6 ‘

1.
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A capacitor placed in series with the ganged capacitor is known as a !'padding'
capacitor and a capacitor placed in parallel as a 'trimming' capacitor.

Ganging will be dealt with in greater detail in a later section of this
pamphlet.

'THE RADTO-FREQUENCY GIRCUIT
‘r.f. circuit of a superheterodyne receiver provides
‘a means of coupling the aerial to the receiver, and
(b) some measure of selectivity.

The primary function of the r.f, circuit is to accept the wanted signal and
reject the image frequency., This signal is separated from the wanted signal by
twice the intermediate frequency, and since the usual intermediate frequency is
465 kHz, this separation is 930 kHz. This is an appreciabxg fraction of the frequency
of the wanted signal when this signal is in either the long or medium wavebands,
This makes adequate image rejection with a single r.f. tuned circuit readily obtain-
able. At the higher frequencies of short waves however, twice the intermediate
frequency is only a few per cent off tune. Thus the short-wave performance of such
a receiver is worse than the performance on the long and medium wavebands owing to
the increased image interference. Another disadvantage of short-wave reception with
such a receiver is that many of the short-wave signals are received at so low a
level that they are 'swamped' by the inherent roise of the frequency changer.

To overcome these disadvantages some receivers employ at least one stage of
r.fy amplification before the frequency changer, ‘ :

Coupling the Aerial

The wanted signal must be transferred from the aerial to the signal grid of the
first valve, and at the same time the image signal must be rejected.

The usual method of
achieving these requirements

is to employ some form of
o . .
COUPLING ae?lal goupllng transformer
A 3. TO FREQUENCY which will apply the wanted
L L] ~ CHANGER

signal to the first valve with
a peak value greater than that
<, of any other frequency which
%LI ng #" R R may be present in the aerial,
CAPACITOR

PRE ~-SET
TRIMMER
CAPACITOR

s
<

One form of aerial coupl-
ing circuit is shown in Fig. 7
which illustrates a typical

- ——— — . —— —

= r.f, circuit for use on the
QANGED CAPACITOR long and medium wavebands.
7- & Avor circuiT The aerial is coupled via
L GANGEDCAPACITOR _ 4 _ __ J inductor Lz to the primary

coil, L,, of a double-tuned
r.f, transformer, The
7 coefficient of coupling is
Fig., 7 arranged to be a little less

12,
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than the optimum value, hence the transformer has a single peaked response which is

fairly broad at the peak but which falls off sharply at frequencies several kHz off
Both primary and secondary windings are tuned by similar sections of a

ganged capacitor, a typical value of which is 400 pF,
capacitor tunes the local oscillator,
capacitors which enable minor adjustments to be made to the circuit.

resonance,

CAITAC

ER
TOR

A third section of this

Capacitors C; and C, are pre-set trimmer

(~ PRE-

PRE-SET
TRIMI
|

¥

TO FREQUENCY
CHANGER

SEY
TRIMMER
CAPACITOR

SECTION OF
-:’ { GANGED CAPACITOR
G )‘ OSCILLATOR CIRCUIT
] 1
) + 1
' _l_ :
1 -
[R35766)a[ L _ . SANCGED CAPACITOR _ _ _ _ 4d-=--d
A.G.C. LINE
AN
Fig. 8
C2
c
L L2 Ls;éf‘
= L WAVECHANGE
SWITCH I TO FREQUENCY
swW CHANGER
CIL L 3 g:::%f?i’ Cio
- 4
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Sl
- /-
L L ";J_ yriPb 1 TO OTHER SECTION
6 7 =< IN LOCAL OSCILLATOR
| { { CIRCUIT.
. + |
R35767 ‘l‘ L
Fig. 9

13,

The r.f, circuit of
a superheterodyne receiver
employing an r,f,
amplifier is shown in
Fig. 8. Such a circuit
is of'ten used in receivers
designed for operation on
all three wavebands,

Coils L; and L, are
identical and are tuned
by similar sections of
the ganged capacitor,

The trimmer capacitors
provide a means of
making small adjustments
to the tuned circuits and

‘ensure that the two

circuits always tune to
the same frequency. The
third section of the
ganged capacitor tunes
the local oscillator, the
coil inductance of which
cannot be the same as

L; and L, since the
oscillator must tune to

a higher frequency. '

The amplifier is a
tuned-secondary r.f,
amplifier whose main
function is- to increase
the signal-to-noise ratio
of the receiver,

Fig., 9 shows an r.f.

‘circuit employing an i.f.

trap (often known as a
wave trap) and separate
tuned circuits for the
short, medium and long -
wavebands.

Signals from the
aerial are fed via
capacitor C, to the
short, medium and long
wave series input
transformers, each
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The required circuit

is selected by switch SW and connected across the aerial tuning capacitor Cg,
Inductor L; and capacitor C; form an effective i.f. trap against unwanted signals

close to the intermediate frequency of the receiver,

The wanted 51gnals are then

fed via the coupling capacitor C;, to the frequency changer.

Intermediate-Frequency Traps

As mentloned earlier in this pamphlet superheterodyne receivers are prone to

\TO FREQUENCY
CHANGER

1]
1

7 R35768 : '_I-
H A

10
Ll
—0TO FREQUENCY
CHANGER
c -
| y

]
i
| y .

. T

teme L

1k,

‘are low and the ratio ——

interference from stations working at
or near the intermediate frequency of
the receiver. In order to prevent
such signals reaching the frequency-
changer, i.f. traps are often fitted.

One form of wave trap in which a
parallel-tuned circuit, L;, C;, is
connected in the aerial lead is shown
in Fig. 10. The tuned circuit is
tuned to the intermediate frequency and
forms a rejector circuit., If the
losses of the coil and capacitor used

L
Cj is large, the
tuned circuit will offer a very high
impedance to all frequencies at, or
near, its resonant frequency, and thus
reject any signals at the intermediate
frequency..

An alternative method of prevent-
ing i.f. interference is shown in
Fig. 11, which shows a series-tuned
acceptor circuit, Ly C;. The acceptor
circuit is designed to have a low
impedance at the intermediate freguency
and a high impedance at all other
frequencies. Thus signals at the
intermediate frequency pass straight
to earth whilst all other signals are
unaffected.
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‘GANGING AND TRACKING

Superheterodyne receivers would be extremely difficult to tune to a particular
station if all the variable capacitors were rotated by separate tuning controls, To
simplify the tuning of such a receiver it is usual to arrange that all the variable
capacitors in the r,.f, and local oscillator circuits are rotated simultaneously by a
single control, This can be achieved by using a 'ganged' capacitor in which all the
sections are arranged to have very nearly equal capacitance at all settings. Ganging
simply means connecting two or more variable capacitors to a single shaft. Thus
ganged circuits are a number of tuned circuits linked mechanically so that their
resonant frequencies can be adjusted by a single control,

Since, however, the frequency difference between the wanted signal and the local
oscillator must be kept constant, the oscillator must be tuned in a different manner
from the r.f., tuned circuits. It is a relativeiy simple matter to make the frequency
difference equal to the intermediate frequency at two points in the tuning range,

Consider a receiver that is required to tune over the frequency range 500 kHz to
1500 kHz and assume that the identical sections of the ganged capacitor have a capaci-
1500
500
tance change of 9:1 is needed which can be achieved with a total minimum capacitance
of 50 pF. The capacitance of the sections of the ganged capacitor will therefore
vary from 50 pF to 450 pF. The inductance required in each r.f. tuned circuit in
order to tune the receiver over the frequency range required is 225 UH,

tance range of 400 pF., The required frequency ratio is or 3:1, hence a capaci~-

If the receiver has an intermediate frequency of 465 kHz the local oscillator
must tune from (500 + 465) kHz to (1500 + 465) kHz or 965 kHz to 1965 kHz. Thus the
ratio of highest frequency to lowest frequency is %%g? or 2,036:1, which requires a
capacitance ratio of 4.14:1, Such a range can still be obtained if the minimum
capacitance is increased to approximately 128 pF, giving a capacitance range of
128 pF to 528 pF.

Unfortunately however, merely increasing the minimum tuning capacitance and
using the appropriate inductance will not maintain the frequency of the local
oscillator 465 kHz above that to which the r.f. circuits are tuned. This is shown
by Table 2,

TABLE 2
R.F, TUNED CIRCUITS ’ LCCAL OSCILLATCR
(Cpin =50 pF : L = 225UH) (Cp;, =128 [F : L = 51,23 WH) | OSCILLATOR FREQUENCY i ERROR IN
- — , | MINUS INTERMEDIATE = TUNING OF |
TINING FREQUENCY TUNING - FREQUENCY | FREQUENCY R.F. CIRCUIT
CLPACITINCE TUNED TO CAPACITINCE TINED TO i (kHz) (kHz) ;
(oF) (kHz) i (oF) (kHz) '
- 50 1500 ‘ 128 ' 1965 1500 0
100 1060 178 1666 1201 -1
200 750 278 1334 869 -119
300 612 378 1144 679 -67
Loo 530 478 1017 552 -22
450 500 528 968 503 -3
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Table 2 is based on the assumption that the total tuning capacitance in the
local oscillator circuit is always 78 pF greater than the tuning capacitance of the
r,f. circuits., If this, difference were slightly adjusted the error at the low
frequency end could also be made zero.

Thus the effect of increasing the minimum value of the oscillator tuning
capacitance is to give correct tracking at both ends of the tuning range only.
Tracking is an arrangement by which the resonant frequency of one of a number of
ganged circuits is maintained at a constant difference from that of the other
circuits,

An alternative method of reducing the ratio of maximum to minimum capacitance
is to add capacitance in series with the tuning capacitor,

Consider that the r.f. tuned circuit capacitance varies from 50 pF to 450 pF

as before. If a padding capacitor, Cp, is placed in series with the tuning
capacitor of the local oscillator the total capacitance will vary from:-

50 C, ’ 450 C,
50 +C, ©°L50+C,

‘The capacitance range required is 4.14.:1, thus

150 Cp 50 €\
350+ ¢, - 50+c,,)

450 C, 207 Cy
L50 + Cp = 50 + Cp

243 ¢ = 70650 C,

291 pF

1}

Cp

‘The effective oscillator tuning capacitance then varies from:-

291 x 50 291 x 450 .
291 + 50 PF o 5oy 150 PF

or 42.7 pF to 176.5 pF

The value of inductance required to tune the local oscillator may be found by
1

2n/ LC

use of the expression f = Hz to give L = 153.6 pH,

16,
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Table 3 shows the tuning error between the oscillator and r.f. tuning circuits

for several settings of the ganged capacitor and illustrates that correct tracl::Lnb
is again obtained only at the two ends of the tuning range.

TABLE 3
R.F. TUNED CIRCUITS LCCAL OSCILLATCR CIRCUIT
(C,;p =50 PF : L = 225 LK) - (€, = b2.7 DF ¢ L = 153.6 [LH) OSCILLATOR FREQUENCY ERROR IN
- MINUS INTERMEDIATE TUNING
TUNING FREQUENCY TUNING FREQUENCY FREQUENCY R.F. CIRCUIT
CAPACITINCE TUNED TO . CAPACITANCE TUNED TO (kHz) (kHz)
(pF) (kHz) ' (pF) (kHz)
50 1500 42,7 : 1965 1965 - L65 = 1500 0
100 1060 y/ W1 1489 . 1489 - 65 = 1024 +36
200 750 118.5 1180 1180 - L465 = 715 +35
300 612 148 1055 1055 = L65 = 590 +22
Lco 530 168.5 989 989 - Lé5 = 524 +6
L50 500 : 176.5 % 965 965 - L65 = 500 g 0

In both Table 2 and Table 3, the tracking error has been expressed as an error
in the tuning of the r.f. tuned circuits.

Fig. 12 shows the frequencies at which the r.f. tuned circuits and the local

oscillator are in tune, plotted against the values of capacitance of the ganged
capacitor.
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It can be seen that at each end of the tuning range the local oscillator is
tuned to almost the same frequency for either value of Cpin and the difference
between the frequency of the local oscillator and the frequency to which the r.f.
tuned circuits are tuned is nearly 465 kHz (the intermediate frequency).

At any other setting of the ganged capacitor the frequency difference is not
465 kHz. The difference is greater than 465 kHz when C_. is 128 pF and less
than 465 kHz when C_. is 42.7 pF.

It is extremely difficult with equal section ganged capacitors to arrange that
the r.f. tuned circuits and the local oscillator are always tuned to frequencies
differing by an amount equal to the intermediate frequency.

However, by a combination of the two methods considered, i.e. the simultaneous
use of padding and trimming capacitors, 'three point tracking' may be obtained and
the tracking errors made very small, It is possible to select the component values
such that the intermediate frequency is correct at three points in the tuning range
instead of two. These points are marked A, B and C in Fig. 13. It can be seen that
the frequency error over the remainder of the tuning range is appreciably reduced.

1750}

1500

750

RF TUNED CIRCUITS

FREQUENCY TO WHICH CIRCUITS ARE TUNED (kHz)

250

" L L L
) 100 200
BETTIA CAPACITANCE OF GANGED CAPACITOR (pf)

3
450

8t
8

Fig. 13
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The fact that small tracking errors result even from three-~point tracking does
not mean that an incorrect intermediate frequency will be produced. The user, in
tuning the receiver by ear, will set the tuning control so that the wanted signal is
correctly centred in the pass-band of the i.f., amplifier and the error will be in the
tuning of the r.f. circuit. An error of a few kHz in tuning the r.f. circuit will
not cause any noticeable change of amplification or selectivity., Or in other words,
the response of the i.f. amplifier is so much sharper than that of the r.f. circuit,
that the effect of the r.f. circuit is negligible for frequencies near the wanted
signal.

Fig. 14 shows a part of the
circuit of an oscillator for use
on the medium and long wavebands,

41 The circuit shows a typical
arrangement of padding and trimming
capacitors to obtain three point

1 tracking. With correct values
]}“‘1 for these capacitors, practically
perfect tracking can be achieved,

—m
==

Capacitor C, is a section of
the ganged capacitor, For
reception of medium-wave signals
#Cs § switches S, and S, are closed
and switch S; open. Capacitor
4 jﬁfz' C then increases the minimum
capacltance of the circuit and
capacitor G, decreases the
maximum capacitanoe. The actual
values of C; and C, are critical
for accurate ganging.

I
-
TO OTHER SECTIONS OF
GANGED CAPACITOR IN
RE STAGE.

[R35773

Fig. 14

Por long-wave reception, switches S, and S, are opened and S, closed. Opening
switch S; increases the inductance of the tuned circuit, and decreases the capaci-
tance owing to capacitors C, and C; now being in series., Switch 5, increases the
inductance of the circuit and switch S; increases the minimum capac1tance of the
circuit. :

- FREQUENCY CHANGING

Frequency changing is a process by which two voltages at different frequencies
may be combined to give voltages at the sum and difference of the two frequencies,

There are two main methods of combining the two voltages, additive mixing, in
which the two voltages are added together and the resultant voltage rectified: and
multiplicative mixing, in which the amplitude of one signal is varled at the
frequency of the other,

19.
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The majority of valve h.f. superheterodyne radio receivers employ multiplica-
tive mixing since additive mixing suffers from the disadvantage that interaction
between local oscillator and input signal circuits is difficult to avoid.
Hultiplicative mixing is the only form of mixing considered in this pamphlet,

In a multiplicative mixer the two voltages to be combined are applied to
different grids of a multi-electrode valve, The variation of the potential on one
grid causes the mutual conductance of the other grid to anode to vary, the result-
ing anode current containing components at the sum and difference frequencies,

The anode circuit of the valve is tuned to select the desired frequency, which
is usually the difference frequency. :

Precuency Changing by the Use of Two Control Grids

Consider a pentode valve in which the anode, screen grid and signal grid
voltages with respect to the cathode are all constant, and in which the voltage
applied between the suppressor grid and the cathode increases from zero to a high
negative value.

As the suppressor grid
voltage, Vg3 , becomes more
negative the anode current of
the valve falls until at a
particular value of Vg3 it is
negligible, TFig. 15 shows
curves of anode current plotted
against suppressor grid voltage
for a typical pentode valve,
The cathode current of the
valve remains unaffected by
the variation of Vy,3, any
decrease in anode current
being made up by a correspond-
ing increase in screen grid
current.

(vw) IN3WYND 3AONV

Any decrease in anode
current will obviously reduce
the slope of the I,/V,;
characteristics of the valve,
Thus -the mutual conductance,
gm,, of the valve between
signal grid and anode is
dependent upon the value of
) 8I,

Fig. 15 V3 (gm = 5%;’ V, constant),

Vg3 o

] SUPPRE$50R GRID VOLTAGE (vg;)
R35773

720.
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Fig. 16 shows values of the mutual conductance, gm;, plotted against values of
suppressor grid voltage, Vé3.

I
|
MUTUAL CONDUCTANCE gm

-{; MUTUAL CONDUCTANCE gqmy

‘Pig. 16

If the slope of the gmz/ 5 characteristic is linear then a sinusoidal
variation in the peak value ong g3 will result in the mutual conductance of the
valve varying sinusoidally.

If an alternating voltage is applied to the suppressor grid which is biased
negatlveLy with respect to the cathode, the magnitude of the output waveform of
the valve will vary at the frequency of this alternating voltage, owing to the
changes in mutuel conductance. In the next section of the pamphlet this waveform
is shown to contain the difference frequency, i.e. a frequency corresponding to the
dlfference between the frequencies applied to the control and suppressor grids,

‘Mathematical treatment of frequency-changing

Let the anode current/suppnessor grid characteristic of a pentode be
renresented by the expression:-

H'H
= ie

= a+b Vga +c Vg% P &

‘where a, b, c, etc. are -constants, since only a certain proportion of the cathode
current, I,, reaches the anode, this proportion depending upon the value of Vga'

21,
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Let the cathode current/signal grid characteristic of a pentode be represented
by the expression:-

IK = al +b| Vgl +CIVg21 d s e 0960 4c08 0000000000005 060000003088000s0s00S (2)

' , etc. are constants,

where a' ’ b', c
Substitution of the expression for I, in equation (1) gives

I = (a+b 7V, + chg ¥ eeeenn) (@ +D T,y oo ngl + eceses)

If it may be assumed that the valve is operated over the linear part of its
characteristic then very little error is introduced by writing

I, = (a +ng3) (a' + b’ ng)

Let the voltage applied between suppressor grid and cathode, V be

g3
nga - A, sinw, t
where V5 = ‘bias voltage
‘and )
A, sinw,t = output voltage of local oscillator,
7Let the voltage applied between signal grid and cathode, V%I, be
7 7 ngl - As sin ot
where Vébl = bias voltage
and i
A sin o} = signal voltage.
Then I, = [-a + b(Vyyy = & sinG,t)| a + b (V,,, -4 sin o)

and contalns the product
bb! (V,,; - &, sin 0o t) (Vgpy = Ay sinogt)
7Expanding gives:-
b (Vs Vepy = Vpps A 5in Ot = Vppy A, sin@ot + AgA, sin@,t sin wt).

Now a tr:.gonometrlc jdentity is 2 sin A sin B = cos (4 - B) - cos (A + B) and
thus the last term bb' AA, sin @ o sin @ t may be re-written

Zbb! A A i,Lcos (@, - 0 )t - cos (v, + ws)t]

showing that the output of the frequency changer contains the sum and difference
frequencies, i.e. £, + £ and f, = £,

Conversion Conductance

Tn order to measure the efficiency of a frequency-changer a term known as the
'conversion conductance' is used., The conversion conductance of a frequency-
changer is the ratio

neak value of intermediate-frequency component of anode current
peak value of input signal voltage

7expressed in milliamps per volt,

22,
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Con51der the expression for the intermediate frequency component of the anode
nurrent L bb A oBg cOs 2T (f - T )t The peak value of this component is
bbI A, A and thus the conver51on conductance is

b

Aghs

2 A

z bb A,

This expression shows that the conversion conductance of a frequency changer
is proportional to the voltage of the local oscillations applied to the signal grid.
It might seem desirable therefore, to make the oscillator voltage as large as
possible but unfortunately there is a practical limit to the oscillatory voltage
that can be applied to the suppressor grid. If the peak value of the oscillator

voltage exceeds half the cut-off voltage of the suppressor grid, the valve will
merely cut-off for part of each cycle of the oscillator output.

Any further increase in A, is then ineffective in increasing the value of the

conversion conductance.

Fig. 17 shows how the
conversion conductance
of a typical frequency-
changer varies with
the local oscillator
voltage, A,e It can
be seen that while

. : the conversion conduc-
tance increases
almost linearly with
A for small values
of A, it falls
gradually as A
exceeds a certaln
value,

CONVERSION CONDUCTANCE

LOCAL OSCILLATOR VOLTAGE A,

‘Fig. 17

Conversion impedance

The conversion impedance of a frequenqy-changlng valve is analogous to the
anode a.c. resistance of a triode or pentode valve and is given by the ratio,

change of anode voltage at the intermediate frequency
change of anode current at'the signal frequency

23,
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Frequency-Changing Valves

As has been previously stated in this pamphlet, the frequency~-changing and
local oscillator valves are often combined within a single envelope. This is
advantageous in that space is saved and less wiring is required.

It will have been appreciated from the foregoing description of the frequency-
changing process that a valve having two control grids is required.

The pentode valve, used to illustrate the frequency-changing process, is

unsuitable owing to the interaction that occurs between the suppressor grid and
the anode.

"The hexode valve

A hexode valve is one which has six electrodes
arranged as shown in Fig., 18. The valve has two control
grids, G; and G, G3 being screened from both G; and the
anode by screen grids G, and G,. The screen grids are

Ga ‘ connected together and to positive potential with respect
Gl .o to the cathode.

Gof---

(cT])] P

‘Fig. 18

The triode-hexode valve

The hexode valve is rarely encountered nowadays by itself but is usually found
. combined within a single envelope with a triode valve.
Such a valve is known as a 'triode-hexode' and is the

most frequently used of all frequency-changing valves,

The arrangement of the electrodes may take one of
two forms as shown in Fig., 19 and 20, the more common
arrangement being that of Fig, 20. The triode section
GoNmmm o of the valve is a part of the local oscillator circuit
the oscillatory voltage appearing at its grid being
applied directly to either G, (Fig. 19) or G,

(Fig. 20). The signal voltage is applied to G,
(Fig. 19) or G, (Fig. 20) and electrodes G, and G,
act as screen grids,

L

‘Fig. 19

2k,
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The electrode arrangement of Fig. 20 has the
advantage of simpler construction, but is not as
I I efficient as that shown in Fig, 19 since the grid

M le w nearest the cathode, G,, exerts the greatest control
G o on the anode current and should therefore be
G: Ga|- - - controlled by the smaller of the two input voltages,
T = ———sess Fig. 21 shows the construction of the simpler
type of triode-hexode valve (Fig. 20), The valve
@ has an oval cathode which is surrounded by the
) triode grid and the first grid of the hexode section.
It can be seen that these are physically one, On

one side of the cathode is placed the triode anode
and on the other side are the signal and screening
grids and the anode of the hexode section. The two

) shields are made of metal and are included to improve
Fig. 20 the screening of the valve,

HEXODE ANODE

o ——

HEXODE SCREEN
GRIDS

HEXODE SIGNAL
GRID

SHIELD SHIELD

CATHODE

TRIODE GRID AND GRID G,
OF HEXODE

TRIODE ANODE
R35779

‘Fig. 21

‘The main advantages of the triode-hexode valve are:-

(a) Very effective gain control may be obtained since the hexode portlon has
a variable M characteristic.

‘The valve can be satisfactorily operated at very high frequencies.
Interaction between signal and local oscillator circuits is negligible,

'Rediation of the local oscillator frequency from the aerial is negligible.

25,
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A heptode valve is one with seven electrodes, the
arrangement of which is shown in Fig. 22, Such a valve
can be used simultaneously as both the local oscillator
valve and the mixer valve. The cathode and grids G; and
G, form a triode valve for use in the local oscillator
circuit, grid G, acting as the anode. Thus the potential
of G, varies at the frequency of the local oscillator.
Grids G; and G, are connected together and screen signal
G, from both anode and grid G,.

‘The heptode valve has the following advantages

(a) Radiation of the local oscillator frequency
from the aerial is negligible,

(b) Interaction between signal frequency and local
oscillator c¢ircuits is negligible.

(¢c) Very high conversion conductance.

Frequency-Changing Circuits

" Triode-hexode freguency-changers

‘Fig. 23 shows the circuit of a typical triode-hexode frequency-changing stage.

- > H.T.
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c2 | ' I f 1sop
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N ‘»zzk | o1 | “leg : .
A.G.C. : l' ' |
VOLTAGE i © + ! T v
L ____________ - -
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‘Fig. 23
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The input circuit, L,C,, applies the incoming signals to the-control grid of
the hexode section of the valve. The triode section of the valve is part of a
tuned grid oscillator, coupling between anode and grid circuits being obtained by
means of coils L, and Ly. The frequency of oscillation is determined by the
values of coil L, and ganged capacitor Cg. Grid bias for the triode section of
the valve is obtained from the grid leak circuit formed by resistor R, and
capacitor C,, and grid bias for the hexode section is obtained from resistor Rj.

The intermediate frequency component of the anode current is selected by the
i.f., transformer, T,, the windings of which are tuned by capacitors C, and Cg.
The screen grid veltage for the hexocde section is obtained via a potential divider
formed by resistors R; and R;, enabling a constant screen grid voltage to be applied.

The circuit of a triode-hexode frequency-changer in which a tuned-anode
oscillator is employed is shown in Fig. 24.
\

+— H.T.

T", °
R, CS_E Cs TOLF  $p
.y - AMPLIFIER 3>
-0

- ol 22k | 150
' : O I
AG.C

_VOLTAGE -—

[ -

Fig. 24

The use of a tuned-anode oscillator has the following advantages compared with
the tuned-grid circuit:-

(a) since the triode anode is electrically further removed from the hexode
signal grid than the triode grid, any tendency for interaction to occur is reduced.

(b) the frequency stability of the oscillator is better,

7.
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Heptode frequency-changers

‘The circuit of a frequency-changer employing a heptode valve is shown in

Fig. 25.
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‘Fig. 25

The cathode and first two grids of the valve form a part of a triode tuned-grid
oscillator, and the second grid acting as the anode of the triode.

This means that the total emission of the valve is controlled by the
oscillatory voltage present on the first grid. The input signal voltage is tuned
by Ly, C,, and applied to the fourth grid causing further variation of the electron
stream and thus producing the sum and difference frequencies,

The third and fifth grids function as screen grids and screen the fourth grid
from the third grid and the anode. A further grid is sometimes inserted between
the fifth grid and the anode to act as a suppressor grid, A valve with such an
extra grid is known as an Octode and has a higher anode slope resistance than a
heptode and for this reason is sometimes preferred.

‘Relative advantages of triode-hexode and heptode freguency-changers

Both triode-hexode and heptode frequency-changers are to be met with in modern
superheterodyne receivers, The triode-hexode is the more common and has the
following advantages compared to the heptode:-
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(a) greater conversion conductance and thus its conversion efficiency is
greater.

(b) it can be shown that the noise generated within a frequency-changing valve
is inversely proportional to the square of the conversion conductance. Thus, from
(a), the triode-hexode introduces less noise than does the heptode. This means that
fewer r.f. circuits before the frequency-changer are required for a given signal-to-
noise ratio for weak signals.,

(c) 7triode-hexodes can be employed at much higher frequencies than can the
heptode.

The heptode however, has the advantage of possessing a higher conversion
impedance than the triode-hexode, This reduces damping of the i.f. transformer
making the gain/frequency response of the transformer sharper.

_INTERMEDIATE-FREQUENCY ANMPLIFIERS

An intermediate-frequency (i.f.) amplifier is a special case of an r.f.
amplifier operating at a fixed frequency and provides most of the gain and
selectivity of a superheterodyne receiver. The values of L and C forming the
tuned circuits are not limited by the need for a variable range of capacitance
values, but may be chosen to give the best performance.

High selectivity requires high 9 values for the coils whilst the gain is
largely determined by the dynamic resistance of the i.f. tuned circuits, é% ohms,

There is a practical limit to the minimum value of C since the valve and stray
capacitances must not form too large a proportion of the total tuning capacitance,
as too small a value for C means greater liability to variation in the value of the
total tuning capacitance during the life of the receiver,

Either inductive or capacitive tuning may be employed, but inductive tuning is
preferred, since a variable inductance is less affected by changes in temperature
than a variable capacitance. Inductance tuning is generally obtained by means of
a movable screwed iron-dust core at the centre of the coil.

I.F. amplifiers generally employ double-tuned 'band-pass filter' coupled
circuits since such circuits have a gain/frequency characteristic that apnroximates
to the ideal case of a flat pass-band with infinite attenuation outside the band.

Very often the band-pass filters employed have identical L and C values in
both primary and secondary since this eases manufacturing problems,

'Reasons for Choice of Intermediate Frequency

There are several factors which must be considered when selecting a particular
intermediate frequency for a superheterodyne receiver,

‘These factors are:-
(2) if a low intermediate frequency is used the band-pass circuits employed
in the i.f, amplifier will be too selective since bandwidth is proportional to the

mid-band frequency employed.
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(b) +the lower the intermediate frequency the more difficult it becomes to
eliminate the image frequency.

(¢) +the intermediate freguency should not fzll within the tuning range of
the receiver since this would lead to instability and increased interference,

(d) too high a value of intermediate frequency will lead to a reduction in
the gain and selectivity of the amplifier, and

(e) +too high an intermediate frequency increases the difficulty of obtaining
reasonable tracking.

As a compromise between these conflicting requirements the majority of modern

receivers employ an intermediate frequency falling within the range 460 kHz to
470 kHz,

Band-Pass Filters

If two resonant circuits tuned to the same frequency are suitably coupled,
the secondary current will be fairly constant over a band of frequencies in the
neighbourhood of resonance, while currents of all other frequencies will be
sharply discriminated against. & pair of coupled circuits adjusted to give this
result is called a 'band-pass filter' because currents of frequencies within a
certain band or range are transmitted almost equally well while currents of all
other frequencies are suppressed, This is in contrast with the resonance curves
of series and parallel circuits, which have rounded tops that do not give uniform
response over a range of frequencies, Band-pass characteristics can also be
exhibited by the primary current but because the effect is not so pronounced as on
the secondary this is practically never used,

The important characteristics of a band-pass filter are the width of the pass-
band, the uniformity of response to the different frequencies within the band, and
the response to the frequencies lying within the band compared with the response
to those that are outside. Vhen a band-pass filter is formed by coupling two
tuned circuits, the width of the pass-band depends primarily upon the coefficient
of coupling and very little upon other factors, while the uniformity of response
within the pass-band is fixed by the relation which the {) of the resonant circuits
bears to the coefficient of coupling., Thus in a given circuit, the coupling
being fixed, high Q circuits produce very pronounced double humps which result in
serious attenuation of the mid-band frequencies while low « circuits cause the
band-pass characteristics to be replaced by a curve with a rounded top similar to
the resonance curve of a simple or parallel circuit. In between these two
extremes a circuit Q giving the desired band-pass characterlstlc with substantially
equal response to a band of frequencies is possible,
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Fig. 26 shows a typical gain/
frequency characteristic for such a
circuit. It can be seen that the curve
exhibits a response that is more or less
flat over a bandwidth of 10 kHz falling
off rapidly outside this band.

Fig. 27 shows how a band-pass
filter may be used to couple the out-
put of the frequency-changing stage
to an i.f., amplifier., The mid-band
frequency of the band-pass filter is
made equal to the intermediate frequency
of the receiver and thus selects the
difference frequency component of the
output of the frequency-changer.
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Communication receivers often incorporate a crystal filter in the i.f,
amplifier circuit so that very narrow bandwidths can be obtained when receiving
continuous wave telegraph signals. ; _

A Practical I.F. lifier Circuit
The circuit of an i,f, amplifier is shown in Fig. 28 together with typinal
component walues, _ _
S . et
| ; | e
LRI o

q"_ra'l 2

| { TO DETECTOR
STAGE

TO OTHER
CONTROLLED S TO DECTECTOR
VALVES AGC. LINE
B
Fig. 28
~ The values of L and C for the band-pass filters, T, and T,, are obtained from

the expression f, ._.l_._ Hz. In praofiﬁé"c must be fairly large compared with

21t/
the valve inter-electrode capacitances, in order to avoid detuning as a result of
variations in these capacitances, and is arbitrarily chosen, The value of L is
then chosen to give resonance at the desired frequency. It can be seen from
Fig. 28 that a value of 100=pF has been chosen for both T; and T,. Final adjust-
ment to the circuit is made by pre-set adjustment of the inductance of the coils,

Alignment of I.F. Amplifiers

To align the i.f, amplifier of a superheterodyne receiver a signal generator
capable of producing the intermediate frequency of the receiver is required
together with a high grade a.c. voltmeter.
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The alignment procedure is then as follows:- The signal generator is adjusted
to the intermediate frequency of the receiver and the earthed terminal connected to
the chassis of the receiver, The other lead is connected to the signal grid of -
the last valve in the i.f, amplifier and the a.c. voltmeter connected across the
output transformer,

The secondary of the last i.f. transformer is then adjusted for maximum
voltage indication on the meter. Once maximum output has been obtained, the
primary is adjusted, again for maximum output.

The non-earthed lead of the signal generator is then removed from the grid of
the last i.f. valve and connected to the grid of the last but one valve, and the
second from last i.f. transformer brought into aligmment by adjustment of its
primary and secondary circuits.

This process is continued until all i,.f, transformers have been aligned,

It will be necessary to reduce the level of the signal generator output as
more of the i.f. amplifier is brought into use otherwise the increased gain may
cause overloading of the amplifier and consequent inaccurate results.

The i.f. transformer in the anode of the frequency-changer is aligned with
the non-earthed lead of the signal generator connected to the signal grid of the
frequency-changer. Since the tuned circuit feeding the signal grid of the
frequency-changer is tuned to a higher frequency than the intermediate frequency,
it may effectively short-circuit the output of the signal generator. It may
therefore be necessary to disconnect the signal grid circuit.

If the i.f. amplifier incorporates a crystal filter, the filter should be
switched out of circuit. 'Alignment of the i.f., amplifier is then carried out as
previously described, with the signal generator frequency adjusted as closely as
posuible to the resonant frequency of the erystal. After alignment, the crystal
should be re-inserted into the circuit, and the frequency of the signal generator
varied over a small range on either side of the crystal frequency to find its
exact frequency, which will be indicated by a sharp rise in output. The signal
generator frequency should be left at the frequency of the peak in the crystal
output and the i.f. transformers re-adjusted for maximum output.

~ More accurate and efficient alignment of an i.f. amplifier may be performed
by using a signal generator, in which the oscillator frequency is varied over a
suitable range at a low repetition rate; and a cathode ray oscilloscope, the
horizontal sweep of which is synchronized with the repetition rate of the signal
generator so that the horizontal deflexion is a function of frequency. The audio
frequency output of the diode detector is connected-to the vertical deflexion
plates of the oscilloscope, The spot on the screen therefore traces a curve
proportional to the receiver response in terms of the instantaneous value of the
signal generator frequency. This response curve is continuously visible and thus
the effect of any adjustments ef the amplifier may be readily observed.

To align an i.f. amplifier by means of an oscilloscope the same procedure as
before is followed, the oscilloscope being connected across the output transformer,
each transformer being adjusted to give maximum output consistent with the required
gain/frequency response characteristic.
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AUTOMATIC GATN CONTROL

The sensitivity of the modern receiver is such that the reception of signals
transmitted over great distances is common. The intelligibility and entertainment
value of these signals is usually limited by "fading". Fading consists of a series
of unpredictable fluctuations of the strength of a signal from a distant radio
transmitter., The variations may occur as the result of the transmitted signal
arriving at the receiver via several different and variable paths. The voltage
applied to the receiver will vary according to the relative phases of the incoming
waves; the voltage will be a maximum when the waves are in phase and a minimum when
out of phase. Fading can be minimized by using more than one aerial, but this method
is impracticable except for commercial point-to-point radio circuits. In most
receivers, however, automatic control, by the incoming signal, of the gain of the
radio-frequency and intermediate-frequency stages is employed; this method is known
as "automatic gain control" or a.g.c. In a receiver fitted with a.g.c. the intensity
of tke signals from all radio transmitters tends to be reduced to a common level, so
that the level of a local transmitter is made to approach that of a more distant
transmitter. Besides minimizing fading, a.g.c. reduces the necessity for continual
readjustment of the gain when the receiver is being tuned from one station to
another,

H. F. AMPLIFYING STAGES

DETECTOR
AND A G.C. AUDIO
u B ] | conTROL. [ 1AMPLIFIER
DEVICE
Ruoerla 4 . /  F 1 ¥ ac.c.contRoLVOLTAGE
Y ) . )
‘Fig. 29

The operation of the a.g.c. system is controlled by the level of the carrier
component of the signal which is being reproduced; the modulation depth is not
affected, so that the relative intensities of the audio components remain the scme
as at the transmitter. The general scheme of control is shown in Fig. 29. The
input passes through the amplifying stages to the detector and a.g.c. device,

Here a control voltage is developed which is proportional to the carrier strength,
This control voltage is fed back to the amplifying stages and reduces the gain of
each stage, again proportionately to the carrier strength.

A disadvantage of a.g.c. is that selective fading (uneven fading of the side-
band and carrier components of a signal) is accentuated by its use. This is
because the a.g.c. voltage is controlled by the strength of the carrier component,
which mey increase, causing a reduction in gain, at the instant when the strength
of sidebands is reduced, or vice versa, Another disadvantage is that the
sensitivity of the receiver is greatest when it is not tuned to a signal, and the
background noise rises to a high level during alterations to the tuning.

The valves used in the various amplifying stages (radio frequency, frequency
changing, and intermediate frequency) have variable-mu characteristics, i.e. the
mutual or conversion conductance of the valve is reduced as the negative bias on
the control grid is increased,
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Fig. 30 shows a simplified
a.8.C» circuit employing a
single diode valve, A direct
voltage, proportional to the
mean value of the carrier
(465 kHz), is developed across
R,, and audio-frequency varia-
tions are superimposed on this
voltage, The audio-frequency
variations are passed to the

next stage via capacitor Cye

The d.c. voltage is blocked from
the next stage by C, and is used
to control the gain of the
previous stages,

If the carrier voltage at
the detector increases, the
direct voltage developed across
R, increases proportionally
providing an increasingly
negative voltage at point A,
Since this point is connected
to the grids of the valves to
be controlled, the grid bias of
these valves increases, reduc-
ing the overall gain of the
receiver and thus checking the
increase in the carrier level
at the detector input,

A complete levelling-out
of the carrier characteristic
cannot be obtained because the
detector voltage must increase
slightly in order to produce
the necessary control voltage,
The larger the number of control-
led stages in front of the
detector, however, the more
sensitive is the control and
with commercial receiving
circuits this is one of the
reasons why a large number of
stages is used,

Another a.g.c. circuit
which also combines the function
of a detector is shown in
Fig. 31. The circuit employs a
double-diode as a full-wave
rectifier, greater efficiency
obtaining as a result. The a.g.c.
voltage developed across R; is
equal to the peak carrier volt-
age across one-half of the
input transformer.



Biased (or delayed) a.g.c.
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The circuits shown in Fig. 30 and Fig. 31 develop an a.g.c. voltage from any

signal which will result in a rectified current.

Now it is desirable that with

very weak signals the maximum gain of the valves should be available, and therefore

these signals should not develop any a.g.c. voltage.

A practical method of obtaining

this condition is to arrange that no bias voltage is generated by signals with a
strength less than that necessary to produce the normal output, This requires the
use of a separate valve to produce the a.g.c. voltage; this valve is given a bias
to prevent current flowing until the input reaches a predetermined value.

C4

Ll

%ﬁz R3

E

T

A F.OUTPUT

3

||l—0

-I-Cs
-T.

AGC.
VOLTAGE

[R3s769]

@

‘Fig. 32
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A circuit providing
this facility is shown in
Fig. 32. The tuned cir-
cuit, L C;, is directly
connected to the signal
diode and the audio
frequency output voltage
developed across R, is
fed to the next stage via
C;. The signal is fed to
the a.g.c. diode via
coupling capacitor C,.
The a.g.c., diode is
connected as a shunt
detector and the a.g.c.
voltage is developed
across load resistor Rj.
In this circuit the delay
facility is obtained by
biasing the a.g.c. diode
negative with respect to
earth by means of battery
E. The a,g.c. diode will
not conduct until the

peak signal voltage exceeds

the negative voltage on
the a.g.c. diode anode,
The negative delay volt=-
age is also passed to the
controlled valves via
resistor R, and sometimes
eliminates the need for
normal bias on the
controlled valves,
Capacitor C; in conjunc-
tion with Ry filters out
any a.c, components in
the a.g.c. line,
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Fig. 33 shows a delayed a.g.c. circuit which has been used in some commercial
radio receivers, The operation of the double-diode valve is similar to that just
described. The audio-frequency output voltage is developed across R; and fed to
the grid of a.f. amplifier, V, , via capacitor Cge

.F. INPUT

[

FREQ. CHANGER

AG.C R
VOLTAGES

L.F. STAGE

Rg
'[R357%0) ié

‘Fig. 33

Three resistors R, Ry, and R; comprise the load for the a.g.é. diode. The
values of these resistors are such that the voltage developed across Ry is suitable
for controlling the i.f. amplifier, while the voltage across R, and R, together

is suitable for the frequency-changer.,

The cathode current of V, flows through Rg andARq but only the voltage
developed across Rg is used as grid bias voltage for this valve., The full voltage

developed across Rg and R, is the delay voltage, the cathode of the a.g5.c. diode
being biased positively by this voltage.
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Fig. 34 shows the gain characteristics of typical radio receivers incorporating
(2) no a.g.c., (b) a.g.c., and (c) biased 248.0. R A e §

)

VOLTS ON DETECTOR

o

10 100 1000 10 000 100000 1000 000

; MICROVOLTS INPUT TO AERIAL
[cuie7z]s
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The rate of response of the a.g.c. circuit is determined by its time constant
e.8. Ry C; in Fig. 32. This time constant must be sufficiently small to prevent
the a.g.c. voltage varying with the modulation envelope, but must not be too great
or the a.g.c. voltage will not follow the more rapid variations in the received

signal due to fading.

In designing an a.g.c. system the aim is to obtain a good control ratio, i.e,
a large control voltage for a small change in signal strength. To some extent

biased a.g.c. automatically provides an improvement, as the curves in Fig. 34
shows,

The full curve represents the output voltage in terms of input, without a.g.c.
If simple a.g.,c. is used, this becomes operative at once and cannot therefore be
allowed to be too fierce in its operation or the output would never reach its
normal value., The chain-dotted curve shows a typical performance without delay,
It will be noted that the gain on weak signals is appreciably reduced.,

The third curve shows biased aig.c. which does not operate until the output is

nearly up to the full amount and then comes into play with full action, giving an
almost level output and a much better control wratio, y R b e £

To Calculate the Degree of Control

Let the gain of the controlled stages be inversely propoftional to. the grid
bias applied to the valves and let the maximum gain from aerial to detector be .i,
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If A, is the gain when a negative bias of v volts is applied to the valves,

k
I - —
then Al = A X

‘where k is a constant dependent upon the characteristics of the valves

e.g. if the a.g.c. reduces the gain of a receiver from A to A for a change in

bias voltage of 10 volts then: 1000
VI S 4
A = Tooo = A X0
. 1
k= 700

i/ith delayed a.g.c. no controlling bias is developed until a certain signal
level at the detector is exceeded. Let this delay voltage be 14 volts, The signal
voltage at the detector input, that will generate a steady voltage of 14 volts, is
10 volts r.m.s. since the detector delivers an output voltage approximately equal to
the peak value of the input signal voltage. This means that no control bias will be
generated until the signal level at the detector input reaches 10 volts r.m.s,

Let the input signal level at the input terminals of the receiver, which
corresponds to the level necessary to develop a signal at the detector to produce a
d.c. potential equal to the delay potential, be V; volts, The signal level at the
detector will then be V! = 4V,

Let the input signal required at the input terminals of the receiver, before

the a,g.c. will reduce the . gain from A to Té%ﬁ’ be V,. The signal at the detector
is then V] = V, —=
2 T "2 1000°
gy
1
Vi o=
1 ' 1
v, 1000 V,
V, = 7 oT 5
1000
1
2 000 i
—— = 1 —
v, V11

If the input to the detector rises to 17 volts r.m.s. corresponding to a peak
voltage of 17 /2 or 24 volts, producing a bias of (24 - 14) or 10 volts; then
Vi’ = 17 volts and V,! = 10 volts.

-—

VZ
e --Z
v, © 1000 y

4700 or 64.6 dB

Thus 64.6 dB variation in the level of the input signal carrier component gives

rise to only %% or 4.6 dB variation in audio output.
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‘Example

A radio receiver has two i.f. amplifier valves, and one r.f, amplifier valve,
each having an a.g.c. control of 3 dB/volt, and a frequency~changer valve with a
control of 2 dB/volt. The receiver is to be such that an input range of 5K volts
to 100 millivolts will give rise to only 6 dB increase in output. Find the
necessary a.g.c. delay voltage assuming 100% detection efficiency.

The total gain control per volt is the sum of the individual gain controls,
i.e. 11 dB/volt,

The range of input levels is from 5 x 0-6 volts to 0,1 volt, or expressed in
dB, 86 4B variation,

The output of the receiver must not, therefore, increase by more than 6 dB
when the input to the receiver is increased by 86 dB, so that the required change

in gain, given by the difference between the input and output level ranges, is
80 4B.

‘The change in bias required is therefore %% or 7.273 volts,

If the signal level at the input to the a.g.c. diode when the input is

50V is V, r.m.s, then the signal level for an input of 100 mV is 2 V r.m,s,,
since 6 dB corresponds to a voltage ratio of 2:1.

Since 1005 detection efficiency may be assumed, the d.c. component of the
detector output is given by: '

‘direct voltage = /2 x r.m.s. voltage of input

‘Therefore the required change in bias for 2:1 change in output level
2 /2vVv, - /2V, = 7.273

V2V, = 7.273 volts

If it is assumed that the 5 MV input is the level below which the output of
the receiver is proportional to the input, then 7.273 volts must be the delay
voltage, i.e. the voltage that must be exceeded by the peak output of the detector
before any a.g.c. bias voltage is produced.

Amplified a.g.cC.

There are two main ways in which the performance of an as8.Ce. System may be
improved. The first is to increase the factor k: k may be increased by increasing
the rate of change of gain of the valves with change of bias. There is a limit to
this however, since the valves will tend to introduce excessive distortion because
of the curvature of their characteristics, The factor k is also increased if the
number of controlled stages is also increased,
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The second method of improving the performance of an a.g.c. system is to
amplify the bias potential. The bias potential may be amplified by amplification
of the direct voltage by means of a d.c. amplifier or by providing a separate i.f.
stage to feed the a.g.c. detector as shown in block diagram form in Fig. 35 or by
feeding the a.g.c. voltage directly from the anode of the last i.f. amplifier
valve,

SIGNAL OUTPUT
DETECTOR STAGE
| E AG.C.
t e . F.
AMPLIFIER AMPLIFIER
<: AG.C.
A.G.C. CIRCUIT
7 BlAS
R35792| A
‘Fig. 35

Various forms of amplified a.g.c. have been devised, in which the a.g.c.
voltage is applied to a d.c. amplifier which develops an adequate output. Most

‘of these circuits are fairly simple if an extra valve is used, but in broadcast

receivers cost precludes the use of another valve and such single-valve systems
that have been used have proved rather unstable.
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Practical a.g.c. Circuits

In broadcast receivers a double-diode triode valve is often employed, enabling
the functions of detection, a.g.c. and audio-frequency amplification to be carried
out by a single valve. Fig. 36 shows a typical circuit employing a double-diode
triode valve,

3 H.T.
Rs
R ]
} Cq 'i; > AF.
FROM |F OuTPUT
ANODE "~ 1
’ {
> —
®
C3 .Rg
Comm —
7 Ry R3 Ry >Ry
[R35793] i

Fig. 36

Detection of the signal takes place in the left-hand diode and the a.f. output
voltage developed across R; + R, is fed via capacitor C; and appears across potentio-
meter R,. A portion of this voltage is then tapped off and fed to the grid of the
triode section of the valve, :

A voltage at the intermediate frequency is fed to the right-hand diode from the
anode of the last valve in the i.f, amplifier, The voltage available at this point
is greater than at the secondary of T;. The delay voltage is developed across
resistor R, and as soon as the i.f. voltage at the right-hand diode exceeds this
delay voltage, the diode conducts, and the a.g.c. voltage is developed across
resistor R,.
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Another typical circuit employing a double-diode triode valve is shown in
Fig. 37. e
= HT
_ uAF
> OUTPUT
Lk
< ] Rs ) VOLTAGE
Zik 1008 = ggoo :gOK
| < —— . Rg 1M AGLC.
Ry 47K c Rz IM 3 vV VOLTAGE
el Ll R; m=mC7  =imCg Co
e B
: S == TR
Fig. 37

The functions of

R;, R, and Cj;

By,

-

"

(1]

the components are as follows:-

: aignal diode load

intermediate-frequency filter
blocks d.c. from triode grid
signal'gaia'control

a.8.C. diode coupliing capacitor
triode cathode bias resistor

the a.g.c. delay bias voltage is developed across
these resistors E

a.g.c. diode load

a.g+c. line filter circuits

blocks h;é; from a.f. output terminals
anode load for triode

anode decoupling circuit.
3.
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Methods of Ap i the a.g.c. Voltage

° )

b

3
L O

cs
Ry AG.C. R
AN VOLTAGE —AAAA—- S
3] (@ (b)

Fig. 38

Methods of applying the a.g.c. voltage to the controlled valves are
illustrated in Fig, 38, Fig. 38(a) represents a portion of an intermediate-
frequency amplifier. The a,g.c. voltage is applied via a decoupling resistor R
to the earthy end of the transformer secondary. Capacitor C, completes the griﬁ
circuit for alternating currents,

In tuned radio-frequency stages the variable capacitor has normally one set
of plates at earth potential, Thus the circuit of Fig. 38(a) cannot be used.
Either the circuit of Fig. 38(b) or 38(c¢) may be used, Series feed is shown in
Fig. 38(c), the a.g.c. voltage is applied to the earthy end of the tuning inductor;
the tuned circuit is completed via capacitor C;, If C; has too small a value its
presence in the tuned circuit will upset the ganging as it effectively reduces the
value of the variable capacitor. A usual value for C; is 0.1 microfarad. aore
Fig. 38(b) illustrates shunt feed; it is not very popular owing to the damping
effect on the tuned circuit,

In all these circuits R; is the a.g.c. decoupling resistance and has a value
between 10000 ohms and 1 megohm, It must never be greater than the value
recommended by the valve manufacturer as the maximum grid to cathode resistance.
Resistor R, provides the standing grid bias until an a.g.c. voltage is developed
and is chosen to give maximum stage gain.
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COMMUNICATION RECEIVERS

This pamphlet, so far, has discussed superheterodyne radio receivers with
particular emphasis on the domestic broadcast receiver. Communication receivers
are generally more elaborate than broadcast receivers and may often employ two
intermediate frequencies in order to obtain adequate image rejection.

‘The main performance requirements of a communication receiver are as follows:-

(a) Selectivity: in order to achieve the best signal=to-noise ratio it is
desirable to use a receiver having the narrowest bandwidth that will satisfactorily
receive the wanted signal. In practice, this requirement is met by providing a
range of bandwidths varying from, say, 100 Hz to 6 kHz, the bandwidths being
chosen so as to suit the different types of signal the receiver may be called upon
to receive,

(b) Sensitivity: the receiver must be able to work with very weak signals,
preferably down to the level of the local radio noise,

(c) Tuning: when used to receive h.f. signals with a narrow bandwidth, it is
important that the tuning of the receiver should not drift and that the tuning
scale should be sufficiently large and accurate,

(d) Gain: high-frequency signals are subject to fading and thus an efficient
a.g.c. system is required. The receiver should be suitable for working as one of a
group of two or more receivers if a diversity system is required.

(e) Beat oscillator: if the receiver is to receive continuous wave telegraph
signals a beat oscillator is necessary.

In general, communication receivers may be divided into two main types:-

(i) those employed as general communication receivers, i.e, police, army, etc
Such receivers may be called upon to handle various signals, varying in frequency
and bandwidth, and generally handle double-sideband signals,

(ii) <those used for point-to-point communication circuits which are often
designed to handle single-sideband transmissions,
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A block diagram of a communication receiver, designed to operate over a
frequency range of 60 kHz to 30 MHz, and to have five different bandwidths of 6 kHz,
5 kHz, 1.2 kHz, 300 Hz and 100 Hz respectively is shown in Fig. 39.

BEAT
FREQUENCY
ILLA
{ TRANSMISSION
LINEb
DETECTOR LOUDSPE AKER,
RF RE FREQUENCY| IF \F. LE AND A-F, cn BN TELEPHONE,
AMP AMP AMP MPUF | ORr OT|
AMP AMP CHANGER AG.C. A OB OTHER.
l l l l 1 APPARATUS
AG.C, CRYSTAL A.G,C, AGC. AGC.
vc;i.?k%g VOL?ACGE FILTER VOITAGE VOLTAGE VOLTAGE

LOCAL

ILLATOR
R35796 Os¢

TFig. 39

The receiver includes two r,f, amplifier stages working into the frequency-
changing stage. The output of the frequency-changer, 465 kHz, is passed through
the three-stage i.f. amplifier. The output of the i.f, amplifier operates a
double-diode triode incorporating the detector, the a,g.c. diode and a stage of
a.fs gain, A beat frequency oscillator may be connected to the detector by means
of a switch when it is required to receive continuous wave telegraphy signals,

Radio-freguency stages

The r.f, amplifier stages follow conventional design and are arranged to have
the same stage gain at all frequencies within the tuning range of the receiver,

Intermediate-frequency amplifier

The i.f. amplifier incorporates a crystal filter circuit inserted between the
frequency changer and the first i.f, amplifier valve, The crystal filter is
inoperative on the 6 kHz and 3 kHz pass-bands, selection between the two pass-—
bands being obtained by altering the coupling of the i.f. amplifier band-pass
filter circuits.

For the 1.2 kllz and 300 Hz pass-bands, the crystal filter is introduced;
change in the bandwidth being obtained by altering the phase and impedance of the
associated reactive components,

For 100 Hz bandwidth the i,f. circuits are left in the 300 Hz position and
further selectivity obtained by inserting, in the audio circuits, a band=-pass
filter having a mid-band frequency of 1000 Hz. The additional selectivity
introduced by this filter is restricted to the reception of unmodulated signals
since the beat frequency oscillator must be used to produce the frequency change
necessary to give the selected low frequency beat output,

46,

o~



P

RADIO 4/?2

A.G.C, eircuits

The input of the a.g.c. diode is taken from the primary of the last i.f.
transformer, The a,g.c. voltage produced is applied to both the r.f., and the
first two i.f, valves. Time constants suitable for both telephony and telegraphy
may be selected, the time constant for telegraphy being long enough to prevent
surges of noise between morse elements when working at comparatively slow hand
speeds,

Beat-frequency oscillator

The beat-frequency oscillator is electron-coupled to the signal diode and has
a peak value such that it is capable of modulating the highest signal level at the
diode, but is well below the a.g.c. delay voltage, and therefora does not operate
the a.g.c. ‘

The gaqufraquenay characteristics of this receiver, when adjusted for band-
widths of 6 kHz, 3 kHz, 1.2 kHz and 300 Hz, are shown in Flg 45, The 100 Hz 5
bandwidth curve is not shown since it would need an expanded horizontal scale to be
clearly seen,

Single-sideband receivers

Fig. 40 shows a block diagram of a typical single-sideband receiver oqpable
of handling an audio frequency bandwidth of 100 to 3000 Hsz,

2625-1- 2635 - 1= 1251~ 128 -1~
: 2028 kHz 2028kHz 128k Hz 28 He O-1=3xHa O-l=3iHz_- :
Ol = 3nHz
o LE e FREQUENCY] LF i . ] AE AE 1
F"—m ] amp1 evancer 2f ] avel [T ] O HLYJ'_’ AMP =
: i 138 = s
eeikin, RS b ST
I8 | = 4- :
LOCAL LoCAL LOCAL
OSCILLATOR |18000KMz 0SCILLATOR |2500kH tLLATOR | 25KHx
1
(QUARTZ CRYSTAL) (QUARTZ CRYSTAL)
C¥FL7r g
Fig, 40

It can be seen that the circuit is essentially the same as that of a receiver
for a normal double-sideband, transmitted carrier, The main difference lies in
the use of a carrier fed demodulator instead of a detector not requiring a local
source of carrier, such as a diode detector,
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No provision is made for a pilot carrier to synchronize the re-introduced
carrier which must be within 15 Hz of the transmitter carrier for commercial quality
speech, and no provision is made for a.g.c. hen S :

Tt would be possible to synchronize the carriers, by using quartz orystal
oscillators at the transmitter and receiver, and by teking the usual precautions to
eliminate frequency drift, e.g. either temperature controlled crystal ovens or use
of crystals with a low temperature-frequency coefficient, but it is difficult to
provide reasonable gain control without using a pilot carrier or pilot frequency.
For this reason the circuit of Fig. 40 is not practical for long distance
communication where fading occurs in the transmission path.. .

Independent-sideband receivers

In the. form of single-sideband transmission employed by the British Post Office,
two audio channels modulate carrier supplies having the same frequency and the
upper sideband of one and the lower sideband of the other are transmitted, together
with the carrier frequency at a reduced level. This type of transmission is known -

as 'Independent-Sideband' and combines the advantages of double-sideband and single-
sideband working.

Fig. 41 shows a block schematic diagram of a typical independent sideband
receiver. In common with practically all single-sideband receivers this circuit
employs the double-superheterodyne principle, i.e. two stages of frequency-changing.
It should be noted that the first stage of i.f. amplification has a bandwidth of
28 kHz and the two second stages each have a bandwidth of 6 kHsz.

100-1-106kHz 100~ 6000 Hz
CHANNEL IE A F
FILTER AMP2 DEM. AMP CHANNEL A
al
04-99-9kHz I00-8000Hz
3.086— CHANNEL LE AF.
o 3.014MHz FILTER | anie 2 [—1 DEM. e CHANNEL B
RF, FREQUENCY IF FREQUENCY]
AMP CHANGER | AMP | ICHANGER 2 ]
CARRIER SELECTOR

1 [ ) SWITCH

! 100KHzE 50Hz i

LOCAL 1 LOCAL CARRIER CARRIER
£431 e, 1 3vHz boseit IMITER
hsih Oscl.l_!_aren | L ..JCILE._ATOR FILTER AMP LOCAL CARRIER

.

1

—————————————— e A G.C.
AEC.
MOTOR
i LOCAL
[R3zi36lB T F.C. ﬂquliLAmE
Fig. 41
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Referring to Fig. 41; the aerial input is connected to a radio-frequency
amplifier then to the first frequency-changer which produces an intermediate
frequency of 3.1 kHz, The radio-frequency amplifier assists in increasing the
signal-to-noise ratio at the output and the high intermediate frequency provides a
high image response ratio,

Effective filtering of the carrier and sideband signals can best be carried
out at a low intermediate frequency so that, after a stage of 3,1 kHz intermediate
frequency amplification, a second frequency changer is used to translate the
341 MHz L 14 kHz of the first intermediate frequency to 100 kHz * 6 kHz. Channel
filters which are replicas of those used in the transmitter are used to separate
channels 4 and B, and a carrier filter with a pass-band of 100 Hz selects the
100 kHz carrier. The two channels are then amplified in their respective second
intermediate frequency amplifiers and applied to the channel demodulators,

The signal applied to each demodulator consists of one sideband and the low-
level pilot carrier which has been further attenuated by the channel filter. To
obtain a relatively undistorted audio-frequency output from the demodulator it is
necessary to have a strong carrier, In this case the carrier frequency is
supplied either from a local carrier source, or from the amplified and reconditioned
pilot carrier. The demodulator is usually of the linear balanced type using diode
valves and the carrier is supplied at a level approximately ten times the peak
sideband level. By using the balanced type of demodulator unwanted amplitude
modulation on the carrier is prevented from producing an audio-frequency noise
outoput,

The pilot carrier which is selected by the carrier filter is amplified in the
carrier amplifier, and used to provide automatic gain control, automatic frequency
control, and carrier reinsert to the channel demodulators or control of the
frequency of the local carrier oscillator which under certain conditions provides
the carrier reinsert to the demodulators.

Linear class A amplifiers are used in the first few stages of the carrier
amplifier so that the output of the automatic gain control circuit may vary
linearly with the input carrier level. A carrier of approximately constant
magnitude is desirable for application to the automatiec frequency control and the
demodulators, and thus the last stage of the carrier amplifier functions as a
limiter, the output of which does not vary appreciably until the input is reduced
by about 20 dB below the level normally set by the automatic gain control,

“Automatic gain-control

The function of the automatic gain control is to keep the receiver output
level at approximately the same value for all levels of signal input above the
threshold level at which the control begins to operate. Fig. 41 shows the control
voltage applied to the r.f. and first i.f. stages of the receiver, and it is so
arranged that a gain of 80 dB in -the input will produce 10 volts bias which will
reduce the receiver gain. There will be a delay voltage on the a.g.c. so that
it will not come into operation on weak incoming signals; the a.g.c., will there-
fore only come into operation after the incoming signal has risen sufficiently to
overcome the delay voltage. If the incoming signal rises 80 dB above this thres-
hold level the 10 volts bias produced will decrease the receiver gain but obviously
if the a.g.c, is to continue to function it cannot reduce the gain to give the same
output as existed before the input rose. In practice there will be approximately
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6 dB increase in the input of the i. f., amplifiers; this may be compensated for by
applylng part of the a,g.c. control voltaga to the grids of the i.f., amplifiers; -
8,.8.C0" applxed in this manner is known as forward-acting automatic—gain .control,

A fairly long time constant is required on dischar fo—prevent ¢hﬂngas in
gain of the receiver on typical selective fades. A discharge time-constant of
betweeri 5 and 50 saccn&a“«énpanding upon the type and period of the selective .
fading encountered, allows sustained changes in signal level to be corrected but
prevents the receiver gain from changing appreciably on short term selective fades,
The carrier level does not rise much above its average level during fading there-
fore a smaller charging time-constant may be used and a value of time-constant of
about 2 seconds is commonly employed.

From the above it can be seen that while the a.g.c. system described is very
effective in controlling ralatzva;y slow changes in the average level of the
received signal it does not correct the more rapid ohanges of level due to proPaga-
tion conditions, These rapid changes in level generally do not exceed 15 dB and
are frequently corrected by using a constant-volume audlo—frequency ampliflar anﬂ
by the use of Spaceﬁ-aarinl diversity-receiving equipment,

Automatic frequency-control (a.f.c.)

The purpose of the pilot carrier is to enable the received 31gnal to be
demodulated to produce the original audio-frequencies, and to provide a means by
which satisfactory automatic gainrcontrol may be applied to the receiver. A
narrow-band carrier filter is used to separate the carrier from the sidebands and.
the primary function of the a.f,.c. is to keep the second intermediate carrier-
frequency output from the second, frequency changer within the carrier-filter pass-
band of 100 kHz *+ 50 Hz. The frequency may be changed by frequency drift in the
local oscillatora. Alteration of frequency due to this cause is corrected by
appiicatinn of a.f C. to the second frequency changer,

The reconditioned carrier, i.e. “the carrier after belng ampl;fled and 11miteé
in magnitude, may be fed directly to the demodulators, or if the ‘conditions of -
propagation are such that-the cartier itself is not suitable for this purpose it
may be used, via the a.f.c, circuit, to control the frequency of a local oscillator
which® supplies the carrier reinsert frequency. In Fig. 41 the carrier is shown as
being supplied from local oscillator 3. ;

There are two forms of a.f.c., which have been employed for this. purpose:~

%n qI§c§ronic system using a frqqugnqyediscriminqtorgqnd_é_raastance valve,

An electro-mechahiﬁaifhyﬁﬁé@_eﬁpioying;éumotor_driie tuning capacitors

SPECIFYING AND MEASURING RECEIVER PERFORMANCE

Sensitivity

The preferred definition of sensitivity is:- ~the character t;c’ﬁf a.receiver
which determines the minimum usable input, i.e. the least input ﬁ ch produces an
output which satisfies certain specifia& requirements, including geperally a
specified output signal-to~-noise ratio. e SR
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To enable reliable results to be obtained under exactly repeatable conditions
certain standards are laid down for use when sensitivity tests are being made.
If these conditions are adhered to then the resut!.ts are of value in comparing the
pez:t‘ormances of different types of receiver, e

f _A signal generator (with facilities for modulating the carrier 30% by 400 Hz)
1th its output variable in steps of one microvolt from one microvolt to one volt is
used to provide the input to the receiver. Matching of the signal generator output
to the receiver input is achieved by connecting a standard dummy aerial between
them, The connexions for measurement of receiver sensitivity are shown in Fig. 42
while the circuit of the standard dummy aerial and a graph of its impedance- s
frequency characteristics are shown in Fig. 43,

RECEIVER
SIGNAL DUMMY_' AF - o/p
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AG.C.
MANUAL
[R32931]A  GaiN CONTROT® — 3
Fig. 42
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For the types of receiver under consideration the specification of sensitivity
is:~ that input in millivolts, applied as described above, required to produce the
standard output with a minimum signal-to-noise ratio of 15 dB in the output. '
Standard output for all types of receiver using loud speakers is taken as 50 mW for

a 3% modulated signal, i.e. approximately 500 mW for 100f6 modulation; for receivers
using headphones standard output is 0.1 oW for 3% modulated signal, i.e, 1 miW for

100% modulated signal,

Method of measurement using a modulated carrier

The sensitivity test may be made with the a.g.c. in action but it is more
easily carried out if the a.g.c. is put out of action and substituted by a manual
gain control as shown in Fig, 42. In some circumstances, e.g. if less a.g.c. is
fed to the intermediate-frequency amplifier than to the other stages, it may be
desirable to provide separate manual gain controls to control the different stages.
Alggwiz_g series of tests is to be carried out on thﬂ“xgna;var it m&y be cOnvenlent

to calibrate the temporary gain controls in dB. =5

... The first operation is to select the frequencies at which the tests are to be
made; tests should be made at not less than three frequencies in each frequency '
band ‘to which the receiver will tune, and the apparatus connected as shown in
Fig. 42, All the receiver gain cunﬁgpla are then set at maximum gain, the signal
generator set up on the selected frequency and modulated 30% at 400 Hz, and the
receiver tuned for maximum output (measured by the output meter). Care must be
taken here to keep the output of the signal generator low enough to avoid distor-
tion in the receiver, The receiver manual volume control is then set to its
normal operating position and the signal ganerator output adjusted for standard
receiver output. Signnl—to-noise ratio at this input is then measured by dis-
connecting the modulation in the’signal generator and measuring the receiver output,

. This measurement gives the amount of noise in the output when the carrier only
is connected. If the ratio of signal-to-noise is less than 15 dB the temporary
manual gain controls must be adjusted to decrease the receiver gain, and, with the

306 modulation connected, the signal generator output readjusted for- standard
receiver output. The signal-to-noise ratio is again-checked; this process: is
repeated until standard output at the specified signal-to—nq1ae ratio is obtained,
The signal generator output voltage in millivolts is then ﬁha,?ecelvengaensltixnty

If the standard output with 15 dB signal-to-noise ratio cannot be obtained by
ad justment of the signal generator and receiver gain controls then the receiver
mamal volume c¢ontrol may .also be altered. If the standard output with 15 dB

1-to-noise ratio still cannot be obtained then the receiver sensitivity at
tha best 31gnaiito—noisa-ratio should be quoted; the 31gnal—to-nolae ratio should
also be guoted under. these.conditions, . _ <58 YR ET

A further test. which could with advantage be carried out is checking the
sensitivity of the receiver at various positions or settings of the temporary
manual gain controls, This serves as a check that the signal—to-n01se retlo does
not deteriorate with application: of aig:c.-

Method of measurement using an unmodulated carrier

Most communication receivers are fitted with beat oscillators to enable them
to receive continuous waves, This facility enables the sensitivity of the
receiver to be measured using an unmodulated signal generator. The beat oscillator
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in the receiver is adjusted to give a 400 Hz note with the frequency at the mid-

point of the i.f. band. The same procedure may be followed as previously, except
that the beat oscillator is switched off to measure the noise power, and that care
must be taken to ensure that a linear relation exists between the r.f. input and
the a.f. output; if this is not so a reduced value of a.f. gain should be used.

If a comparison of the results obtained is made with results obtained on the
same receiver using a modulated input with the beat oscillator switched off, it
will be. found that the sensitivity as measured with the C.W. signal is greater
than that measured with the modulated input. (N.B. a greater sensitivity implies
a smaller input in millivolts thus the figure for the sensitivity will be lower).,

Image channel selectivity

The image channel selectivity of a receiver is the measure of its ability to
reject the image channel which is twice the intermediate frequency above or below
the wanted channel. If the receiver has more than one stage of frequency changing
there will be more than one image channel. Image channel selectivity is measured
by measuring the sensitivity of the receiver in the normal manner then adjusting
the signal generator frequency to the second channel of the test frequency, without
altering the receiver tuning or gain controls and again measuring the sensitivity
of the receiver. Then:-

Sensitivity of receiver to image signal
Sensitivity of receiver to wanted signal

image response ratio =

The image response ratio
will vary over the tunable
range of the receiver
decreasing as the test freg-
N uency is increased. It should
Ne, . : be measured at not less than
oo three frequencies in. each

4§.\Q{ band but its measurement is
K \\ much more important at the
N Y% higher end of the receiver
r§ frequency-scale. Fig. 44
shows typical image channel
N selectivity curve for a
N communication receiver which
N has two radio-frequency
& stages. The frequency range
3 " of the receiver is 60 kHz to
30 MHz covered in six ranges,
Switch positions 1, 2, and 3
N cover the range 60 kHz to
R 1.4 MHz, These ranges are
not shown on the graph as the
! 2 3 4 5 678910 20 10 image response ratio is
A FREQUENCY (MHz) greater than 100 4B at
carrier frequencies less than
1.4 MHz. Ranges, L4, 5 and 6
are covered by the three
Fig. 44 remaining positions of the
range switch. Inspection of
the graph will show how the image response ratio falls sharply as the carrier
frequency is increased. The intermediate frequency of the receiver is L65 kHz,
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‘Selectivity

The selectivity of a receiver is its ability to discriminate between the desired
signal and signals at other frequencies, It may be measured by the same method as
used for sensitivity and the results of the measurements are usually given in
graphical form, '

For the test the a.g.c. of the receiver is disconnected and for convenience
each a.g.c. line, may be taken to a temporary manual gain control. Fig. 42 shows
the connexions of the equipment for the test. A modulated signal generator may
be used and the sensitivity at the test frequency measured. The sensitivity to
frequencies on both sides of the test frequency is then measured without altering
the receiver tuning or gain controls, The results when plotted in graphical form
give a selectivity curve,

The above method is not entirely satisfactory for normal receivers and is
unsatisfactory for highly selective receivers., It is preferable to use an
unmodulated carrier input and adjust the output of the signal generator for
constant current in the diode load.

Most of the selectivity of a receiver is obtained in the i.f. stages except
at low carrier frequencies, and with the exception of some telegraph receivers
which may have selective a.f. circuits, The selectivity response is therefore
largely intermediate frequency response except at low carrier frequencies, and it
may often be more convenient to measure the selectivity of the i.f. stages
directly. Great care must be taken during the test to avoid overloading any
stage by too large a test signal, or by allowing a large interfering signal to
reach it., '

Selectivity should be measured at a number of frequencies in each frequency
band and it may also be desirable to measure it at different settings of the gain
controls, This serves as a check on whether the selectivity of the receiver is
altered by application of the a.g.c. causing effective inter-electrode capacitances
and valve characteristics to alter.

Fig. 45 shows a set of selectivity curves for a typical communication receiver,
The receiver has two radio-frequency stages, one frequency-changer stage, and three
intermediate~frequency amplifiers. There are five ranges of selectivity which are
selected as required by a switch, The switch positions are as follows:-

‘Band-pass 00 Hz not shown on graph

2, ‘300 kHz curve 1 on graph
3, .2 kHz 2
4, '3 KkHz 3
5. 6 kHz A

The 1.2 kHz and lower bands utilize a crystal filter with an additional
low-frequency filter in the 100 Hz position,
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'PRACTICAL SUP:RHETERODYNE RECEIVER CIRCUITS

The complete basic circuits of two superheterodyne radio receivers, omitting
the power supplies, are shown in Figs. 46 and 47. The receivers are designed for
use on the long, medium, and short wavebands, the necessary alterations in circuit
values being carried out at the switching points marked X,

The circuit shown in Fig. 46 uses a single stage of r.f. amplification which
feeds into a triode-hexode frequency-changing stage. It can be seen that the
frequency-changer uses a tuned-anode oscillator, such an oscillator having a good
frequency stability.

The signal diode is fed from the secondary of the last i.f. transformer whilst
the a.g.c. diode is fed via a capacitor from the anode of Vi

R,, R, and C; form the load for the signal diode; R, and C, form an inter-
mediate frequency filter and C, blocks the flow of d.c, The signal voltage is
developed across R; and applied to the grid of the triode section of Vy. The
delay voltage is developed across R, and the a.g.c. voltage is fed via Rs.

‘In the circuit of Fig. 47 a radio-frequency amplifier is not used.

The incoming signal is fed to the grid of the frequency changer via coupling
coils L, and L, and capacitor Cz. L;C; form an effective i.f. trap against
unwanted signals close to the intermediate frequency of the receiver, The aerial
is tuned by the ganged aerial tuning capacitor C,,.

The oscillator section of the triode-hexode frequency changing stage is
connected as a tuned-grid, shunt-fed circuit.

The output of the frequency changer is at the intermediate frequency of the
receiver and is amplified by the i.f, amplifier before being passed to the detector
stage.

The a.f. output of the detector stage is developed across volume control R,,
and fed via capacitor C;5 to the grid of the triode section of Vj.

. The d.c. component of the voltage developed across R, is decoupled by R4 and
C,, and fed to the control grids of V; and V, as an a.g.c. voltage.

The signal voltage at the anode of V, is fed via capacitor C;, to the grid of
output valve V, .,

The amplified signal at the anode of V; is transformer coupled to the loud-
speaker, '

The h.t. supply for V; is fed directly via L, , and the h,t. for V;, Vo, and
V, is fed via L;,, and is R.C. smoothed by R;, and Cy;. The h,t., supplies are fed
via the centre tap on L;, since this reduces the hum content to a lower level.

"END
‘References: E.P. ELECTRONICS 2/2
E.P., ELECTRONICS 4/3

E.P. ELECTRONICS 2/}
Z.P. ELECTRONICS 3/1
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