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FOREWORD

HIS is one of a series of Engineering Monographs
I published by the British Broadcasting Corporation.

About six are produced every year, each dealing
with a technical subject within the field of television and
sound broadcasting. Each Monograph describes work
that has been done by the Engineering Division of the
BBC and includes, where appropriate, a survey of
earlier work on the same subject. From time to time the
series may include sclected reprints of articles by BBC
authors that have appeared in technical journals. Papers
dealing with general engineering developments in broad-
casting may also be included occasionally.

This series should be of interest and value to engineers
engaged in the fields of broadcasting and of telecom-
munications generally.

Individual copies cost 3s. post free, while the an-
nual subscription is £1 post free. Orders can be placed
with newsagents and booksellers, or BBC PUBLICATIONS,
35 MARYLEBONE HIGH STREET, LONDON, W.I.
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A QUALITY-CHECKING RECEIVER FOR V.H.F. F.M. SOUND BROADCASTING

SUMMARY

The development of a quality-checldng'rcccivcr for v.h.f. f.m. sound broadcasting is described. The results of tests on the
original and final prototype models are given; both have a high standard of performance, the main advantage of the

final model being its simpler design.

1. Introduction

A quality-checking v.h.f. f.m. receiver was made in the
first instance to give a standard of performance which
could be accurately predicted from the design. It was there-
fore designed with some disregard for complexity. In par-
ticular, it was thought preferable to use a discriminator
based on current-sensitive rectifiers and. physically sepa-
rate ‘staggered tuned’ coils fed from a low impedance
source. This receiver and its performance tests are de-
scribed in Section 2.

When this receiver was nearing completion, it was real-
ized that a Foster-Seeley discriminator could be designed
toany required degree of linearity. ) A second receiver was
therefore constructed. In this a modification of the basic
circuit enabled the discriminator to be combined with a
diode limiter without deterioration of the performance of
either; a further modification resulted in a considerable
improvement of the limiting action of a simple diode
limiter. These points are dealt with in more detail in Refer-
ence 2. Section 3 includes a description of this improved
receiver and also the results of standard performance tests.

Both receivers were designed to incorporate their own
mains-operated power packs, and were housed in a com-
pact metal cabinet {(a standard BBC Research Department
portable-equipment case)} of overall dimensions 17 in. by
5% in. by 94 in. (43 cm by 14 ¢cm by 24 cm).

2. First Prototype Receiver (Receiver I)

2.1 Description

The receiver employs a total of ten valves and seven
crystal diodes. The circuit is shown in Fig. 1 and the func-
tions of the valves and crystal diodes are as follows:
Vi EFS5 pentode r.f. amplifier
V2 ECHS81 triode-heptode oscillator-mixer

V3 EF95 pentode 1.f. amplifier
A\ EF20  pentode i.f. amplifier
V5 EF80 pentode i.f. amplifier
V6 EF80 pentode i.f. amplifier
V7 EF86 pentode a.f. amplifier
V3 EF80 pentode a.f. output
Vo EF80 pentode a.f. output
V10 UU6  rectifier h.t. rectifier
MRI1-3 CV448 crystal diode limiters

MR4-7 CV448 crystal diode discriminator rectifiers

The receiver covers Band II (87 5-100 Mc/s) only. Lf.
selectivity is provided by the confluent band-pass filter
between V2 and V3 which has a total bandwidth of about

300 ke/s centred on 107 Mc/s. The i.f, stages are coupled
by bifilar-wound coils which are damped to provide a flat
response. Two static diode limiters are used, the bias being
obtained by means of potential dividers across the h.t.
supply. The discriminator is a version of the Round-
Travis circuit, the resonant frequencies of the two tuned
circuits being offset by approximately 4400 kc/s from
10-7 Mc/s. A centre-zero meter acts as a tuning indicator.

The a.f. amplifier is a standard BBC line amplifier
adapted to use noval-based valves. It has a frequency re-
sponse which is flat within +0-5 dB from 20 ¢/s to 20 ke/s
and a voltage gain from the grid of V7 to a 600-ohm load
of 42 dB; 23 dB of negative feedback is applied from a
tertiary winding on the output transformer to the cathode
of ¥7.

2.2 Test Resulis

The test procedure followed was that proposed by
Maurice, Newell and Spencer ) withtheexceptions that the
standard output was 1 mW in a 600-ohm load and that
frequency modulation at 100 c/s, instead of 10 kc/s, was
used in measuring the amplitude-modulation suppression
ratio. Certain additional tests were performed, the results
of which are given in Sections 2.2.6 and 2.2.10. The re-
ceiver was at all times tuned to give zero reading on the
tuning meter.

The ratios of signal to noise, hum, or interference were
measured with 2 mean square meter preceded by an aural
sensitivity weighting network based on the C.C.I.F. (1934)
curve for broadcast relay circuits.¢> Unless otherwise
stated, all signal levels refer to the open-circut voltage
from a 75-ohm source.

2.2.1  Sensitivity

The only figure applicable to this receiver is the sensiti-
vity for the standard ratio of signal to noise. This is the
minimum input carrier amplitude, deviated 4-35 kc/s* at
a frequency of 2000 ¢/s, which will produce an output
signal-to-noise ratio of 40 dB.

The measured value was 20 V.

2.2.2  Signal-to-Hum Ratio

An output signal-to-hum ratio of 40 dB was obtained
when the input carrier was modulated +-0-4 kc/s at 2000
cfs; 435 ke/s deviation would therefore result in a signal-
to-hum ratio of 79 dB.

¥ This is equivalent to +30 kc/s (or 40 per cent of +75 k¢/s) at
a low audio frequency il allowance for standard pre-emphasis is
made.




Fig. 1 — F.M. Receiver I. Circuit diagram
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Fig. 2— F.M. Receiver I. Variation of harmonic distortion with modulation depth

2.2.3 Fidelity
223.1 Variation of Harmonic Distortion with Modula-
tion Depih

Fig. 2 shows the measured total harmonic distortion as
a function of modulation depth with the gain control set
to give 1 mW output with 40 per cent modulation at a
frequency of 400 c/s. The residual distortion of the test
signal was 0- 1 per cent.

2.23.2 Muaximum Output Power

The standard test was not carried out in this instance.
As the a.f. amplifier employs a large amount of negative
feedback, there is a sharply defined overload point. This
occurs at an output level of +-26 dB referred to 1 mW.

2.2.3.3  Modulation/Frequency Characteristic
This is shown in Fig. 3; the curve is corrected for a pre-
emphasis time constant of 50us.

2.2.4 Selecrivity

The suppression ratio for an interfering signal is
measured objectively as the ratio of unwanted-to-wanted
carrier amplitudes giving a signal-to-interference ratio of
40 dB when the interfering carrier is frequency modulated
at 2 000 c/s with a deviation of 4335 kc/s.

The results for adjacent, second, and third channel inter-
ference {i.e. with 200, 400, and 600 kc/s frequency separa-
tion respectively) are given in Table 1, together with the
measured ratio for the image channel (—21-4 Mc/s).
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TABLE |

Relative frequency —21-4 600 —400 —200 -+200 +400 -+-600
of unwanted carrier Mc/s kc/s kc/s ke/s ke/s kec/s ke/s
Suppression Ratio (dB) >>430 +9 -4 —35 —3 0 14

The suppression ratio at the intermediate frequency,
and at all other frequencies spaced more than 1 Mc/s from
the wanted carrier, was greater than +30 dB.

2.2.5 Frequency Stability

The drift in the frequency of the local oscillator on
switching on the receiver from cold is shown in Fig. 4. The
change in input carrier frequency necessary to maintain
the tuning meter at zero is also plotted. This gives the over-
all stability of both local oscillator and discriminator.

2.2.9  Impulsive Interference

This test measures the performance of the receiver when
receiving a frequency modulated signal and impulsive
interference. In Fig. 6, the C.C.LF. weighted output power
inthe a.f. band 250 ¢/s to 8 ke/s is plotted against the input
impulse amplitude with and without frequency modula-
tion of the wanted signal. The amplitude of the wanted
signal was 0-5 mV and the modulation when present was
at 12 ke/s with a deviation of 430 ke/s. The impulsive
interference repetition frequency was 2-5 ke/s.
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Fig, 4 — F.M. Receiver I. Frequency stability

The local oscillator frequency changed by less than 1
kc/s when the mains voltage was changed by 4-10 volts.

2.2.6 Oscillator Voltage at the Aerial Terminals

The voltage at the local oscillator frequency developed
across a 75-ohm resistive load connected to the aerial in-
put terminal was 23 mV.

2.2.7 Co-Channel Suppression Ratio
As for test 2.2.4 but with the interfering signal differing
in frequency from the wanted signal by less than +1 kc/s.
The ratio measured was — 7 dB,

2.2.8 Suppression of Amplitude Modulation

The a.m. suppression ratio is defined, given an audio
response with the correct de-emphasis, as the ratio of the
output due to f.m. to that due to a.m. when the input
carrier is simultaneously frequency modulated to a peak
deviation of +30 kc/s at 100 ¢/s and amplitude modulated
to a depth of 40 per cent at 2 ke/s. The ratio depended on
the carrier amplitude as shown in Fig. 5.

The variation of audio output with a slow variation of
the carrier input level was not tested in detail since, with
the static type of limiter employed, suppression at very
low frequencies is comparable with that at audio frequen-
cies and is therefore considered to be more than adequate,

2.2.10  Subjective Measurements of Selectivity and Co-
Channel Suppression Ratio

For these tests the receiver was fed with a wanted carrier
of 1 mV and an interfering carrier of controllable ampli-
tude at frequency spacings of 41 ke/s, +200 ke/fs, and
4400 kefs. Both carriers were frequency modulated with
programme in accordance with standard BBC trans-
mitter practice; the wanted programme was speech and
the interfering programme was orchestral music giving a
high level of modulation. The amplitude of the interfering
signal was adjusted to give the following subjective grades
of interference:

JP The interference was just perceptible in the quiet
passages of the wanted programme.

P Theinterference was perceptible in the quiet passages
of the wanted programme without careful listening.

SD The interference was slightly disturbing when listen-
ing to the wanted programme.

D The interference was disturbing.

The results given in Table 2 are the averages for three
observers, the receiver having been tuned in each case in
the absence of interference, using the tuning meter. The
assessments were made using 2 wide-range high-quality
loudspeaker.




0 r
s
Vs
50
L7
yd
g g
= 40 "
.2
(-]
8 //
v
a
2 130 — —
< /
2o /
L+
10
10uv SOV 100 pv 500uY  Imv 5my 10 my
‘ Input carrier amplitude (o.c. volrage from 75.a 3ource)
|
i Fig. 5— F.M. Receiver 1. Amplitude-modulation suppression ratio
TABLE 2
Frequency of interfering signal relative to 400 — 200 < +1 ‘ L9200 1400
wanted signal (kc/s) >—1 '
Amplitude of interfering signal Jp -5 —7 —29 : —3 0
relative to wanted signal in dB P —1 -3 —26 - —15 +3
to give the subjective grade of SD -2 —2-5 --21 5 —0-5 +35
interference D +5 -—1-5 —16 j 0 +8
3. Second Prototype Receiver (Receiver II) V7  EF80  pentode a.f. output
V8 Uueé rectifier h.t. rectifier

3.1 Description

The circuit diagram of this receiver is shown in Fig. 7.
There are eight valves and four crystal diodes; their func-
tions are as follows:

MRI OAS crystal diode limiter
MR2 QA5 crystal diode limiter
MR3 OAS crystal diode discriminator rectifier
MR4 OAS crystal diode discriminator rectifier

Vi EF80 pentode r.f. amplifier

V2 ECHS81 triode-heptode oscillator-mixer The receiver covers Band II (87-5—100 Mc/s) only. There
V3 EF80 pentode i.f. amplifier are no unusual features in the r.f., frequency changing, or
V4 EF80 pentode 1.f. amplifier i.f. sections of the receiver. The two i.f. transformers are
V5 EF80 pentode a.f. amplifier band-pass coupled circuits giving a total i.f. bandwidth of
Vo EFRO pentode a.f. output about 240 ke/s. The limiter-discriminator circuit following
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V4 is a novel version ®) of the Foster-Seeley discriminator.
By the addition of a third winding, a simple diode rectifier
can be used to provide amplitude limiting and conditions
for the optimum design of thedisceiminator. @) The limiting
action of the diode is greatly improved by a rejector cir-
cuit (L9, C31) tuned to the frequency of the third har-
monic of the intermediate frequency.* Amplitude-modula-
tion suppression ratios of greater than 40 dB can be
achieved with this arrangement. A centre-zero meter
measures the d.c. cutput from the discriminator and acts
as a tuning indicator.

The a.f. amplifier is similar to that used in Receiver I
with the exceptions that the gain is reduced to 32 dB, and
26 dB of negative feedback is applied. The nominal out-
putis 1 mW in a 600-chm load.

* Provisional Patent Application No. 9568/57.
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3.2 Test Results

Since the tests are identical with those given in the
corresponding sub-divisions of Section 2, only the results
are given. The standard output was [ mW in a 600-ohm
load and the receiver was tuned to give zero reading on
the tuning meter.

3.2.1 Sensitivity
The measured sensitivity for the standard ratio of signal-
to-noise was 25 uV.

3.2.2 Signal-to-Hum Ratio

An output signal-to-hum ratio of 40 dB was obtained
when the input carrier was modulated —0-25 kc/s at
2000 ¢/s; 435 ke/s deviation would therefore result ina
signal-to-hum ratio of 83 dB.
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3.2.3  Fidelity
3.23.1 Variation of Harmonic Distortion with Modula-
tion Depth

Fig. 8 shows the total harmonic distortion as a function
of modulation depth with the gain control set to give ] mW
output with 40 per cent modulation at a frequency of 400
c/s. Although the weighted signal-to-humratio as measured
by the previous test is very good indeed, when the total
harmonic distortion is measured without the weighting
network there is sufficient hum present at the output of
the receiver to falsify readings at low modulation levels.
A 250 c/s high-pass filter was therefore inserted between

Fig. 7 — F.M. Receiver II. Circuir diagram

the output of the receiver and the distortion measuring
apparatus. The residual distortion of the modulating oscil-
lator was 0- | per cent. At small deviations this equals the
measured distortion; the distortion introduced by the
receiver (and the modulator) is then presumably below
0-1 per cent.

3.2.3.2  Maximum Ouiput Power

As in the case of the Receiver 1, the amplifier employs
a large amount of negative feedback, giving a well-defined
overload point at an output level of 426 dB referred to
1 mW.
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Fig. 8 — F.M. Receiver II. Variation of harmonic distortion with modulation depth
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31.2.4 Selectivity

The measured suppression ratios for adjacent, second,
and third channe! interference and for the image fre-
quency are given in Table 3.

3.2.3.3  Modulation!Frequency Characieristic

This is shown in Fig. 9; the curve is corrected for a pre-
emphasis time constant of 50us.

TABLE 3
Relative frequency —21-4 —600 —400 —200 4200 4-400 4600
of unwanted carrier Me/s kefs kefs ke/s ke/s ke/s kefs
Suppression Ratio (dB) 424 =>+30 -9 +4 0 +14 =>+30
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The suppression ratio at the intermediate frequency and
at all other frequencies not within 600 ke/s of the wanted
carrier was greater than 4-30 dB with the exception of an
interfering signal at a frequency close to the local oscillator
frequency. With a wanted-carrier level of 1 mV the sup-
pression ratio for this frequency was 29 dB; this sup-
pression ratio will, however, vary with the wanted-carrier
level. The reason is that the interference affects the local
oscillator voltage in the mixer—either by pulling or by
simple addition. The resultant is therefore frequency
modulated at the difference frequency between the oscil-
lator and interfering carrier. The audible interference is
thus a function of the absolute level of the interfering
carrier whatever the wanted-carrier level.

3.2.5 Frequency Stability

The drift in the frequency of the local oscillator on
switching on the receiver from cold is shown in Fig. 10.
The change in input carrier frequency necessary to main-
tain the tuning meter at zero is also plotted.

The variation of local oscillator frequency with mains
voltage is plotted in Fig, 11,

3.2.6 Oscillator Voltage at the Aerial Terminals

The voltage at the local oscillator frequency developed
across a 75-chm resistive load connected 1o the aerial in-
put terminal was 0-9 mV.

3.2.7 Co-Channel Suppression Ratio
The ratio measured was —7 dB.

3.2.8 Suppression of Amplitude Modulation

The a.m. suppression ratio depended on carrier ampli-
tude as shown in Fig. 12. As in the case of the first model,
the suppression of carrier fluctuations of very low fre-
quency was considered adequate and was not tested in
detail.

3.2.9 Impulsive Interference
The curve obtained under standard conditions is shown
in Fig, 13.

3.2.10 Subjective Measurements of Selectivity and Co-
Channel Suppression Ratio

The resulis given in Table 4 are the average for three
observers. The receiver output was fed to a wide-range
high-quality loudspeaker.

The oscillator stability of both receivers, on first swiich-
ing on, is somewhat below the standard achieved in com-
mercial practice. In view of the application, no steps were

- taken to improve this, since the stability is good if a

warming-up period of ten minutes is allowed, and the
presence of & centre-zero tuning meter gives an immediate
indication of detuning. The stray voltage from the local
oscillator appearing at the aerial terminal was rather high
in the first model, but was reduced to a satisfactory level
in the second model.

TABLE 4
Frequency of interfering signal relative to _ <+1
wanted signal (kc/s) 400 +200 =>—1 +200 +400
Amplitude of interfering signal JP +13 —4 —34 —5 +10
relative to wanted signal in dB P +16 —1 —31 —2 +17
to give the subjective grade of SD +18 +3 : —25 +1 +19
interference D +19 +7 1 —20 +3 +21
+4 T
o +13 /
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Fig. 11 — F.M. Receiver II. Variation of oscillator frequency with mains voltage
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4. Conclusions

A brief comparison between the
original model (Receiver 1} and
the final model (Receiver II) may
be made as follows. Both models
have a modulation frequency re-
sponse which is flat to within
40-5 dB throughout the audible
range. The total harmonic distor-
tion of Receiver 11 is very low par-
ticularly at modulation depths of
less than 60 per cent, where the
distortion is less than could be
measured with the equipment
available. Receiver I is slightly in-
ferior in this respect although still
of a high standard.

The a.m. suppression ratio is
adequate (i.e. >>35 dB) at inputs
greater than 250,V for Receiver
I and 52upV for Receiver 11. On
this criterion, Receiver 1I is the
more sensitive receiver, The im-
pulsive interference performance
of the two models is very similar
and both are superior to an ex-
perimental receiver used as a stan-
dard of comparison in the past.

The final model achieves a good
performance with a reasonably
simple circuit arrangement and
may be regarded as the proto-
type of a useful quality-checking
receiver, It could also serve as
the basis for a f.m. re-broadcast
teceiver, but for this purpose
further attention would have to
be paid both to oscillator stability
and to protection against large sig-
nalsin nearby Band II channels.
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