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Gutter Lane, London, E.C.2, a British Company, do hereby declare the
invention, for which we pray that a patent may be granted to us, and the
method by which it is to be performed, to be particularly described in 5
and by the following statement:-
5 The invention relates to apparatus for the reception of a modulated
carrier signal comprising means for receiving and demodulating said
modulated carrier signal, and amplifying means for amplifying a resulting
demodulated signal. A problem in such receiving apparatus is the noise
present in the signal to be 10     amplified and which is to be reproduced
and has been obtained from the modulated   10 carrier signal by means of
the receiving apparatus. Unlike, for example, the noise which occurs in
tape recorders, this noise does not have a comparatively constant level,
but its level varies greatly, for in such apparatus the received modulated
carrier signal is processed so as to produce an output signal at a
substantially constant 15     level. Obviously, the amplification required
for this purpose varies greatly in accord-  15 ance with the amplitude of
the received modulated carrier signal. This means, how- ever, that the
noise already present in this signal and the noise introduced by the input
stages of the receiving apparatus also are subjected to variable
amplification, which results in that the noise level in the modulating
signal to be reproduced may 20     vary greatly.
20 It is an object of the invention to provide receiving apparatus which is
pro- vided with noise reduction means. The present invention provides
apparatus for the reception of a modulated carrier signal comprising means
for receiving and demodulating said modulated carrier signal 25     and
amplifying means for amplifying a resulting demodulated signal, said
amplifying  25 means including a noise reduction circuit for attenuating
signals which have a fre- quency above a given cut-off frequency and an
amplitude below a given threshold value, said noise reduction circuit
comprising an input stage to which the signal to be processed is applied, a
first signal path extending from a first output of said 30     input stage
through a high-pass filter and an automatic gain control stage to a first
30 input of a summing stage, a second path extending from a second output
of said input stage to a second input of said summing stage, said summing
stage having an output from which a processed signal may be derived,
whereby in operation the gain of said automatic gain control stage changes
when a signal applied thereto 35     exceeds said threshold value which
threshold value is adjusted by a control arrange-  35 ment in response to a
control signal which is derived by rectification of said modu- lated
carrier signal. When the apparatus is for the reception of a frequency
modulated carrier signal, said control signal is preferably derived by
rectification of said frequency modulated 40      carrier signal prior to
it being limited in amplitude.                            40 The noise
reduction circuit used in such apparatus has both a frequency-depen- dent
nature and an amplitude-dependent nature. The choice of the amplitude-
dependent nature is determined by the fact that the human ear is not
capable of perceiving the noise when signals having the same frequency but
a larger amplitude 45     are also present, which effect is generally
referred to as masking. Leaving the offered  45 signal alone in this case
ensures that the desired signal is transmitted undistorted, [Price 33p]   
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2 whilst the noise it contains is not troublesome. Signals having an
amplitude smaller than, or corresponding to, the noise level are greatly
attenuated together with this noise by means of the noise reduction
circuit. It is true that the information con- tained in these signals is
lost, however, this would be drowned by this noise in any 5       case.
Thus the noise reduction is effected in accordance with the amplitude of
the       5 signal offered. The noise reduction circuit further has a
frequency-dependent nature, i.e. the noise reduction circuit responds only
to the amplitude of signals at higher frequencies, that is frequencies in
the upper frequency band of the modulating signal to be 10      reproduced.
This is desirable because, if the noise reduction circuit should respond
10 also to signals at lower frequency, that is frequencies below the said
frequency band, a noise modulation effect may be produced which may even be
far more troublesome than is continuous noise. From the above it will be
evident that the threshold value of the noise reduction 15      circuit
will be chosen to be at least equal to the level of the noise present in
the     15 modulating signal. As has been stated, however, the noise level
of the modulating signal to be reproduced may vary greatly, so that to
ensure effective reduction of this noise it is not sufficient to use a
fixed threshold value for the noise reduction circuit, but this threshold
value is continuously to be adapted to the noise level of 20      the
signal offered. Now it has been found that the amplitude of the received
modu-       20 lated carrier signal is a reasonably satisfactory measure of
the noise level of the modu- lating signal to be reproduced, in a sense
such that with decreasing amplitude of the modulated carrier signal the
noise level in the modulating signal increases, which may be explained by
the increasing gain in the receiving device. In the receiving 25
apparatus according to the invention this relationship between the
amplitude of the      25 modulated carrier signal and the noise level in
the modulating signal to be reproduced is utilised by rectifying the
modulated carrier signal and applying the resulting signal in a suitable
manner as a control signal to the noise reduction circuit so as to vary the
threshold value thereof in accordance with the amplitude of the modulated
carrier 30      signal and hence in accordance with the noise level of the
modulating signal offered.    30 In principle the noise reduction circuit
described may take two forms. In a first form  the second signal path
includes a low-pass filter and the automatic gain control stage has a
characteristic such that offered signals which have an amplitude smaller
than its threshold value are greatly attenuated, whereas signals having an
35      amplitude larger than its threshold value are transmitted
unattenuated. The output       35 signals of this automatic gain control
stage are added in the summing stage to the signals from the low-pass
filter. If the higher-frequency signals offered to the auto- matic gain
control stage (because of the inclusion of the high-pass filter in the
first signal path) have an amplitude larger than the threshold value, the
initial signal 40      applied to the noise reduction circuit is obtained
again at the output of the summing    40 stage. Obviously, several
requirements have to be satisfied. For example, both the gain and the phase
shift must be equal for both signal paths. Also the cut-off fre- quencies
of the high-pass filter and of the low-pass filter must be equal, whilst
the transition regions of these filters must be as complementary as
possible. 45           A second, preferred form of the noise reduction
circuit includes in addition an     45 all-pass filter in the second signal
path. In the simplest embodiment this may obviously be a through
connection. Thus, the automatic gain control has a characteristic such that
offered signals which have amplitudes smaller than the threshold value are
trans- mitted unattenuated, whereas signals having an amplitude larger than
this threshold 50      value undergo maximum  attenuation. Again, the
amplification must be equal for           50 both signal Paths, but the
phase shift must differ by 180[err]. As a result, signals at frequencies
higher than the cut-off frequency of the high-pass filter included in the
first signal path and having amplitudes smaller than the threshold value of
the auto- matic gain control are applied to the summing stage with a phase
opposite to the 55      phase of the corresponding signals applied to the
summing stage via the all-pass filter,  55 so that these signals will no
longer be represented in the output signal of the sum- ming stage. In
general this second form is to be preferred, because obviously the problem
of equality of the cut-off frequencies of the high-pass and low-pass
filters which arises 



60      in the first embodiment now have been avoided. Furthermore, in this
second embodi-       60 ment a particularly advantageous transmission
characteristic is obtainable, for in an embodiment of the apparatus
according to the invention the all-pass filter is given a transfer function
substantially equal to    3
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high-pass filter has a transfer function substantially equal to (pt)[err]
(pt+1)  [(pt )2+ pt+1] where [err] is angular frequency and [err] is a time
constant. The choice of this transfer 5      function provides a highly
advantageous overall transmission characteristic, namely    5 a
transmission characteristic of a third-order low-pass filter having a
"Butterworth" or flat characteristic in the pass band. To ensure
trouble-free and effective operation of the apparatus according to the
invention some further special steps may have to be taken. For example, a
carrier 10      signal modulated by a stereophonic low-frequency signal is
accompanied by a pilot     10 tone of for example 19 kHz. It is true that
this pilot tone has a frequency in the marginal region of the audible
range, so that it is not disturbing to the ear, how- ever, when it is
applied to the noise reduction circuit the automatic gain control may
respond to it and hence exhibit an erroneous amplitude dependent nature.
This may 15      be prevented in that the noise reduction circuit is
preceded by a low-pass filter the  15 cut-off frequency of which is
slightly lower than the frequency of the pilot tone. The foregoing is of
particular importance when the noise reduction circuit is used in a
stereophonic receiving apparatus. In this use, not only does the pilot tone
appear but also there is derived in the receiving apparatus from this pilot
tone an auxiliary 20      signal at twice the frequency which is likely to
influence the behaviour of the auto-  20 matic gain control. Hence it is
essential that each of the two noise reduction circuits included in the two
stereophonic channels should be preceded by a low-pass filter. A second
provision may be the inclusion of an additional amplifier in the first
signal path of the noise reduction circuit. To obtain an effective
automatic gain con- 25     trol stage of simple structure it may be
necessary to use a comparatively high threshold  25 value for this
automatic gain control stage. In this case, to enable the noise level to be
matched with this threshold value the automatic gain control stage must be
preceded by an amplifier with a gain such that the noise level of the
amplified sig- nal corresponds to the threshold value of the automatic gain
control stage. Naturally, 30     the automatic gain control stage may be
succeeded by an additional attenuator to       30 ensure that the gain in
the two signal paths of the noise reduction circuit remains equal. The
second embodiment of the noise reduction circuit in which an all-pass
filter is connected in the second signal path has the additional advantage
that the amplifier which precedes the automatic gain control stage may
include a limiter, 35      so that signals having too large amplitudes are
prevented from  being applied to      35 the automatic gain control. Such
large signals may give rise to asymmetric jamming of this automatic gain
control stage and hence to second-harmonic distortion. In the second
embodiment the inclusion of this limiter has no adverse effect, because
signals having amplitudes larger than the threshold value of the automatic
gain control 40      stage are attenuated in any case, and from this it
follows directly that the limiter  40 must be proportioned so as to become
operative only for signal levels for which the automatic gain control is
considerably driven and which consequently are greatly attenuated by it.
The limiter may advantageously be designed so that its limiting level is
adjust- 45      able. By using the control signal for the automatic gain
control stage as the control  45 signal for adjusting the limiting level
automatic matching of the limiting level to the threshold value of the
automatic gain control stage is obtainable. Embodiments of the invention
will now be described, by way of example, with reference to the
accompanying diagrammatic drawings, in which 50          Figure 1 is a
block-schematic diagram of a noise reduction circuit used in the    50
apparatus according to the invention, 



Figures 2, 3a and 3b shows some relevant characteristics of this circuit,
Figure 4 is a block-schematic circuit diagram of an embodiment of a
receiving apparatus according to the invention provided with the noise
reduction circuit, 55          Figure 5 shows an embodiment of this noise
reduction circuit having an adjust-    55 able threshold value and a
controllable limiter, and    4
1,396,585                                            4 Figure 6 shows the
relationship between the control voltage and the threshold value of the
circuit shown in Figure 5. Figure 1 is a block-schematic circuit diagram of
a noise reduction circuit for use in the receiving apparatus according to
the invention. The modulated signal V[err] 5       to be processed is
applied to an input stage S which has two outputs connected to        5 a
first signal path 1 and to a second signal path 2 respectively. After the
signals applied to these two signal paths by the input stage have passed
through these paths, they are recombined by means of a summing stage 0
which has two inputs, each of which are connected to one of the signal
paths, and an output from which the 10      processed signal V[err] may be
derived. The first signal path 1 includes a filter F, and     10 an
automatic gain control stage B1, whilst the second signal path 2 includes a
filter F2. As has been described hereinbefore, in principle there are two
possibilities to perform the desired noise reduction, and these two
possibilities will now be discussed with reference to the characteristics
shown in Figures 2, 3a and 3b. 15          As has been mentioned
hereinbefore, in the first embodiment the filter F[err]            15
included in the second signal path 2 is a low-pass filter, and the filter
F[err] included in the first signal path 1 is a high-pass filter. These two
filters must have equal cut- off frequencies so that the signal to be
processed is divided in two frequency ranges. The automatic gain control
stage B[err] must have an amplitude characteristic as shown 20      in
Figure 2, i.e. a characteristic such that signals having amplitudes smaller
than      20 the threshold value U[err], are greatly attenuated, whereas
signals having amplitudes larger than this threshold value are passed
unattenuated. Owing to physical limitations, in the region immediately
around the threshold value U[err] instead of the characteristic shown by a
broken line the characteristic shown by a full line is obtained. 25
The operation of this circuit is as follows. The lower frequencies of the
signal    25 to be processed are applied to the summing circuit 0 via the
second signal path 2. The higher frequencies of this signal are applied to
the automatic gain control stage. If this higher-frequency signal has an
amplitude greater than the threshold value, it is applied to the summing
circuit. In the summing circuit it is added to 30      the lower-frequency
signal, so that the output signal V[err] corresponds again to the        30
applied signal V[err]. An obvious condition is that the gains and the phase
shifts pro- duced in the two signal paths should be equal. Higher-frequency
signals in the first signal path which have amplitudes smaller than the
threshold value U[err] are greatly attenuated, so that in this case the
lower-frequency signal alone is applied to the 35      summing circuit and
hence the output signal V[err] also comprises this lower-frequency       35
signal only. Making the threshold value U[err] equal to the noise level of
the offered signal V[err] provides a dynamic noise filter which satisfies
the above considerations in respect of frequency dependence and amplitude
dependence. In the second, preferred embodiment the filter F[err] included
in the first signal 40      path again is a high-pass filter, but the
filter F[err] included in the second signal path   40 is an all-pass
filter. The automatic gain control in the first signal path has an ampli-
tude characteristic as shown in Figure 3b, i.e. signals having amplitudes
smaller than the threshold value are passed unattenuated, whereas signals
having amplitudes greater than this threshold value are greatly attenuated.
In this embodiment also, 45      owing to the physical limitations there
will be no abrupt transition (broken line) but   45 a gradual transition
(full line). Although the gains which occur in the two signal paths must be
equal, in contradistinction to the first embodiment the phase shifts of the
signals must differ by 180[err]. For higher-frequency signals, that is for
signals having frequencies higher than 50     the cut-off frequency of the
high-pass filter F[err], an amplitude-dependent behaviour      50 of the
noise reduction circuit as illustrated in Figure 2 is obtained in the
second embodiment also, the second signal path has an amplitude-independent
behaviour 



for all frequencies (Figure 3a), whilst the first signal path has the
amplitude-depen- dent nature illustrated in Figure 3b. However, because the
phase shifts differ by 55      180[err], in the first signal path a
higher-frequency signal having an amplitude smaller    55 than the
threshold value U[err] is applied to the summing circuit with a phase
opposite to that of the corresponding signal from the all-pass filter, so
that these signals cancel one another and hence for these higher-frequency
signals an amplitude charac- teristic is obtained which corresponds to that
shown in Figure 2. 60          A first advantage of this second embodiment
over the first embodiment is that       60 the frequency behaviour of the
circuit is determined only by the high-pass filter. In the first embodiment
this frequency behaviour may give rise to difficulty, because when the
offered signal is divided in two frequency ranges care must be taken to
ensure that the cut-off frequencies of the high-pass filter and of the
low-pass filter 65      coincide and the transition regions of the two
filters are complementary, which require-  65    5
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satisfied. Further, the second embodiment enables a very advan- tageous
overall transmission characteristic to be obtained by a special choice of
the filters, for if in a preferred embodiment of the invention the all-pass
filter F[err] is chosen to have a transmission characteristic which
corresponds to the function 1-pr 5
5 1+p[err] and the high-pass filter to have a transmission characteristic
(pt )[err] (p[err]+1)  [(pt )2+ pt+1 an overall transmission characteristic
is obtained which corresponds to the function (1+pt)[1+pt+(pt)[err] 10
where p is angular frequency in radians/second and r is a time constant.
This is      10 exactly the transmission function of a third-order low-pass
filter having a "Butter- worth" or flat characteristic in the passband. The
second embodiment has another advantage in respect of the design of the
automatic gain control stage B[err]. To permit the use of a simple design
of this auto- 15      matic gain control it may be desirable to employ a
given threshold value which is    15 several times larger than the noise
level in the offered signal V[err]. To match these two levels the automatic
gain control stage B1 must in this case be preceded by an additional
amplifier A (Figure 1) which raises the noise level to a value which cor-
responds to the threshold value of the automatic gain control stage.
However, higher- 20      frequency signals having a level appreciably
higher than this noise level are also   20 amplified, so that the automatic
gain control may be required to handle signals hav- ing very large
amplitudes, which may readily give rise to distortion phenomena. How- ever,
in the second embodiment there is no objection to the inclusion in the
amplifier A of a limiter which limits the amplitude of the signal applied
to the automatic 25      gain control stage B1, for in this second
embodiment the operation of the automatic  25 gain control is such that
signals having amplitudes greater than the threshold value are strongly
attenuated. Consequently the distortion of such signals which is caused by
the limiter does not effect the output signal V[err]. In the first
embodiment, however, such signals must be passed without any attenuation,
so that the automatic gain 30      control is required to be capable of
handling large-amplitude signals without giving  30 rise to distortion and
hence the inclusion of a limiter in the amplifier A is obviously not
allowed. It will be clear that the automatic gain control must be succeeded
by an addi- tional attenuator B[err] to cancel the addition gain introduced
into the first signal path 35      by the amplifier A. Naturally, equality
of the gains produced in the two signal paths  35 may be achieved by
appropriately choosing the amplification factors of the elements included
in these paths and by suitably choosing the transmission ratios which occur
in the input stage and the summing stage. Figure 4 shows an embodiment of a
receiving apparatus according to the inven- 40     tion, namely a receiving
apparatus suitable for the reception of stereophonic signals.  40 The
receiving apparatus in known manner comprises a tuning device T by means 



of which the modulated signals to be reproduced are obtained from the
received modulated carrier, and a low-frequency amplifier V by means of
which these low- frequency signals are raised to a level suitable for
reproduction. The tuning device T 45     in known manner comprises a
high-frequency pre-selecting stage, a mixer stage         45 including a
local oscillator, which stages together are indicated by HF, several inter-
mediate-frequency stages MF[err], MF[err], a detector D and a stereo
decoder SD at the outputs of which the two stereo signals appear. The
low-frequency amplifier V in this case obviously comprises two separate 50
amplifiers LF[err], and LFR, one for each stereo channel, and these
amplifiers in the    50 usual manner each comprise several stages. The
low-frequency amplifier further comprises various tone controls and
filters, for example scratch and rumble filters.    1,396,585
6 As the Figure shows, each stereo channel includes a noise reduction
circuit (RL and R[err] respectively) to which the modulating signals from
the stereo decoder are applied. As has been described hereinbefore, to each
of these noise reduction circuits RL and R[err] a control signal is to be
applied for matching the threshold value to the 5      noise level present
in the modulating signal offered. This control signal is applied   5 to the
noise reduction circuits via a lead P. As has been stated hereinbefore, a
suit- able control signal is obtainable by rectifying the modulated carrier
signal. In the case of a receiving apparatus for frequency-modulated
signals the signal to be recti- fied is preferably derived from a suitably
chosen point in the intermediate-frequency 10      amplifier. In such a
receiving apparatus, with increasing input-signal amplitude the  10
intermediate-frequency stages are successively subjected to limitation, so
that the last intermediate-frequency stage does not contain any information
about the ampli- tude of the input signal. The desired signal may, for
example, be derived from the output of one of the preceding
intermediate-frequency stages, and this is schematically 15     indicated
in the Figure, in which the signal is derived from the output of the inter-
15 mediate-frequency stage MF[err]. This signal is rectified by means of a
rectifier G and, as the case may be, amplified by means of a direct-current
amplifier DC and then is applied via the lead P as a control signal to the
noise reduction circuits RL and RR. Obviously the amplifier DC is chosen to
have a characteristic such as to provide 20      a control signal which
when applied to the automatic gain control stage of each noise  20
reduction circuit gives proper matching of the threshold value of this
automatic gain control stage to the noise level. An advantageous
circumstance in the production of the desired control signal is that in
many receiving apparatus a suitable direct voltage is available in any
case. 25      This direct voltage is used, for example, for tuning
indication and, in stereo receivers,  25 to effect an automatic change-over
from stereo reception to mono reception and vice versa in accordance with
the amplitude of the received modulated carrier signal, for it has been
found that noise having a given level exerts a considerably more annoying
effect on the stereo signals being reproduced then on a monaural signal 30
derived from these stereo signals. Hence at a given low level of the
received modu-   30 lated carrier, i.e. at a given noise level, it is
desirable for the receiver to change over automatically to monaural
reproduction, because a reasonably good monaural reproduction is to be
preferred over a poor stereophonic reproduction. This change- over is
effected by means of the rectified carrier signal applied to the stereo
decoder 35      via a lead d, and this rectified signal may also be used to
control the noise reduction  35 circuits. The apparatus according to the
invention has the considerable advantage that the level at which the
change-over from stereo reception to mono reception is to be effected may
be chosen to be considerably lower, because owing to the controlled 40
noise reduction circuits the noise contained in the stereophonic signal to
be reproduced  40 is efficaciously reduced. Adequate reduction of the noise
further requires two low-pass filters FL and FR which are connected between
the stereo decoder SD and the noise reduction circuits R[err] and R[err],
for the received frequency-modulated carrier signal contains a 45
pilot tone at a frequency of, for example, 19 kHz, which is also used to
produce a    45 sub-carrier at twice the frequency for use in stereo
decoding. It will be clear that 



the noise reduction circuits must not respond to the amplitudes of this
pilot and this subcarrier, and this is the more urgent as the amplitudes of
the pilot tone and the sub-carrier often are greater than the noise level,
which would prevent any noise 50     reduction. The inclusion of the
low-pass filters FL and FR, which consequently must    50 have cut-off
frequencies which are slightly lower than the pilot-tone frequency and
preferably produce an attenuation of more than 18 dB per octave, eliminates
the influence of these tones on the behaviour of the noise reduction
circuits. It will be appreciated that the noise reduction circuits provided
in the receiving 55      apparatus may be used not only when received
modulated carrier signals are repro-     55 duced, but also when signals
which have been recorded on a magnetic tape or in a disc record are
reproduced via the low-frequency amplifier of the receiving appara- tus.
For this purpose the noise reduction circuits are preceded by two ganged
switches which enable the inputs of the noise reduction circuits to be
connected to terminals 60      R or PU to which signals from a tape
recorder and a record player respectively may    60 be applied. It will be
clear that the control signal for the noise reduction circuit must then
also be suitably modified. Because the noise level in such signals to be
repro- duced is comparatively constant, in general a constant control
signal will be sufficient. Hence, the lead P includes a switch which is
ganged with the said switches and 65      via which in the case of the
reproduction of magnetically recorded signals a constant  65    7
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in the case of the reproduction of gramophone records a constant voltage
V[err], is applied to the lead. Although so far a receiving apparatus has
been discussed which comprises both the tuning device (tuner) and the
low-frequency amplifier (amplifier unit), the inven- 5      tion may
obviously be used also when the tuner and the amplifier are separate
5 units, as is indicated in the Figure by T and V. In this case the noise
reduction circuit will appropriately be accommodated in the amplifier,
enabling them to process, in addition to the modulated carrier signal,
signals from tape recorders and record players. The low-pass filters FL and
L[err] may be accommodated either 10     in the tuner or in the amplifier.
The tuner and the amplifier must be connected by       10 an additional
signal lead through which the control signal for the noise suppression
circuits which is produced in the tuner is applied to the amplifier. Figure
5 shows, by way of example, a noise reduction circuit which has an
adjustable threshold value and a controllable amplifier and may be used in
the 15     receiving apparatus according to the invention, the parts
enclosed between the broken    15 lines corresponding to the similarly
designated blocks in Figure 1. The input stage S and the all-pass filter
F[err] have been combined and are realized by means of a transistor circuit
which comprises a transistor T[err] having equal emitter and collector
resistors R[err] and R[[err] respectively and the series combination of a
capaci- 20      tor C[err] and a resistor R[err], which series combination
is connected in parallel with the    20 collector-emitter path of
transistor Tr[err]. This structure of the transistor circuit pro- vides an
all-pass filter the output signal of which may be derived from the junction
of capacitor C[err] and resistor R[err], and which filter has the
aforementioned favourable transmission characteristic which corresponds to
the function 1-pr 25
25 1 +p[err] The signal V1 to be processed is applied via a capacitor C1 to
the base of the tran- sistor Tr[err] which is biassed by means of resistors
R[err] and R,. The signal for the first signal path is derived from the
emitter of the transistor Tr[err] and applied to the high-pass filter
F[err]. This high-pass filter has a transfer func- 30     tion which at
least approximately corresponds to the aforementioned function
30 (Pt )[err] (pt+1)  [(pt )[err] + pt + 1 The realisation of this function
is based on the filter synthesis: (pt )3              Pt      pt
pt (pt+1)[(pt)[err]+ pt+1]   pt+1    pt+1    (pt+l)- PT As re-written it
will be apparent that the transfer function can be realised by the 



35      cascade arrangement of first and second R.C. high-pass filters for
the first two terms  35 of the function and a further network for the last
term of the function. In Figure 5 the first of the R.C. high-pass filters
is formed by capacitor C3 and resistors R8 and R9 whilst the second is
formed by capacitor C5 and the input impedance of an amplifier A which
follows the filter Fl. The further network is provided between 40      the
first and second R.C. high-pass filters and comprises a third R.C.
high-pass         40 filter formed by capacitor C4 and resistor R10 and an
amplifier of substantially unity gain formed by transistor Tr2 and
associated components, feedback being provided from its emitter circuit.
The amplifier A includes an amplifier stage in the form of the transistor
Tr,. 45      This amplifier A is required to raise the signal, and in
particular the level of the     45 noise present in this signal, to a value
suitable for the automatic gain control stage B[err] which succeeds the
amplifier. This automatic gain control stage B[err] comprises the series
combination of two diodes D[err] and D[err] and the series combination of
two further diodes D[err] and D[err], but it will be clear that the diodes
may be replaced by transistors 50      connected as diodes. The junction
between the diodes D[err] and D[err] is connected to earth     50 potential
through a capacitor C,,, and the junction of the diodes D[err] and D[err]
is connected to earth potential via a capacitor C[err]. The anode of diode
D[err] is connected to the cathode of diode D[err], and from this junction
the output signal of the automatic gain control is    8
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cathode of diode D[err] is connected to the anode of diode D[err] via a
resistor R[err]. The output signal from the amplifier A is applied to an
amplifier stage comprising transistors Tr[err] and Tr[err]. The signal
taken from the collector of transistor Tr[err] is applied to the cathode of
diode D[err] and to the anode of diode D[err] 5      through capacitors
C[err] and C[err] respectively, whilst the emitter of this transistor
Tr[err]  5 is connected, via a capacitor C[err] and a resistor R[err], to
the junction between diodes D[err] and D[err]. The operation of this
automatic gain control stage is based on the resistance variations of
diodes in accordance with the value of the current. As is known, this 10
resistance is very high for small voltage values and rapidly decrease when
the voltage  10 across the diode exceeds a certain value. The diodes D[err]
and D[err] are used as variable resistors, whilst the diodes D[err] and
D[err] together with the capacitors C[err] and C[err] fix the bias for
these diodes D[err]  and D[err] as a function of the amplitude of the
signal applied via the amplifier A. The 15      diodes D[err] and D[err]
together with the capacitors C[err] and C[err] form rectifiers for the
15 signal derived from  the collector of transistor Tr[err], capacitors
C[err] and C[err] being charged to a voltage which depends upon the
amplitude of this signal. Because the voltages across these capacitors fix
the bias for the diodes D[err] and D[err], this results in the threshold
value, i.e. the amplitude of the signal from the emitter of transistor 20
Tr[err] at which the diodes become conductive, is also fixed as a function
of the ampli-  20 tude of this signal. Consequently the higher-frequency
signal at the emitter of transistor Tr[err] under- goes voltage division
between the resistor R[err] and the diodes D[err] and D[err] in accord-
ance with the amplitude of the signal at the collector of transistor
Tr[err], which sig- 25      nal obviously corresponds to this
higher-frequency signal. Hence, for a higher-       25 frequency signal
which has an amplitude smaller than the threshold value of the diodes there
is produced at the output of the automatic gain control stage, i.e. the
junction point of the diodes D[err] and D[err], an output signal which
corresponds to this higher-frequency signal, because in this case the
diodes have a high resistance. For 30      a higher-frequency signal which
has an amplitude greater than the said threshold      30 value a greatly
attenuated output signal is produced, because in this event the resist-
ance of the diodes D[err] and D[err] has greatly decreased. Since the
threshold value of the automatic gain control stage must be controllable in
accordance with a control signal obtained from the tuner, further
provisions must 35      be made to achieve this behaviour of the automatic
gain control stage. In the embodi-  35 ment shown this may be achieved in a
very simple manner. The cathode of diode D[err] is connected via a resistor
R[err] to a point of constant potential (for example +50 volts) whilst the
anode of diode D[err] is connected to earth potential via a resistor 



R[err]. Through the resistors R[err], R[err] and R[err] a direct current
will flow from the point 40      of positive potential (+50 volts) to
earth, so that across the resistor R[err] a direct  40 voltage is produced
which influences the conductive periods of the diodes D[err] and D[err]and
hence the direct-current bias of the diodes D[err] and D[err] which in turn
influences the threshold value of the automatic gain control stage. To
enable the threshold value to be controlled by means of a control signal
the resistor R[err] is shunted by 45     the main current path of a
transistor Tr[err], which in the embodiment shown is of the     45
field-effect type, but which may also be a bipolar transistor. By way of a
resistor R[err] a control signal V[err] is applied to the gate of this
transistor Tr[err], so that the resistance of the main current path through
the transistor varies in accordance with this con- trol signal. As a
result, the resistance of the parallel combination of this transistor 50
and the resistor R[err] also varies, so that the direct voltage across this
resistor R[err]  50 and hence the threshold voltage of the the automatic
gain control stage will vary in accordance with the control signal V[err].
As has been mentioned hereinbefore, the amplifier A is required to match
the noise level in the signal with the threshold voltage of the automatic
gain control. 55      Silicon diodes, for example, have threshold values
between 300 mV and 500 mV,         55 whilst the noise to be reduced
normally is of the order of a few tens of millivolts. Hence considerable
amplification is required to match the noise level of the signal offered to
the automatic gain control stage with its threshold value. However, large-
amplitude signals are amplified by the same factor, with the consequent
likelihood 60     that the automatic gain control stage is asymmetrically
jammed so that second-harmonic  60 distortion may occur, which distortion
normally is avoided by the structure of the automatic gain control stage.
If now, for example, the cut off frequency of the high- pass filter F[err]
is made 5 kHz, this second-harmonic distortion lies within the audible
range and hence is undesirable. 65          To avoid the occurrence of this
second-harmonic distortion the amplifier A includes  65    9
1,396,585 a limiter circuit. This circuit comprises two diodes D[err] and
D[err], the cathode of diode D[err] being connected to the anode of diode
D[err] via the series combination of two resistors R[err] and R[err],
whilst the signal amplified by transistor Tr[err] is applied to the anode
of diode D[err] and the cathode of diode D[err] and also to one end of a
resistor R[err] and the 5      other end of which is connected to the
junction between resistors R[err] and R[err]. The        5 cathode of diode
D[err] is also connected to a point of constant potential (+ 50 Volts) via
a resistor R[err] which is shunted by a decoupling capacitor C[err]. The
anode of diode D[err] is also connected to earth potential via a resistor
R[err] which is shunted by a de- coupling capacitor C[err]. Owing to the
direct-current path through resistors R[err], R[err], 10      R[err] and
R[err] a direct voltage is set up across resistors R[err] and R[err] which
fixes the limit-  10 ing level of the circuit. This limiting level is
controlled, in the same manner as is the threshold value of the automatic
gain control stage by the control signal V[err] which via a resistor R[err]
is applied to the gate of a field-effect transistor Tr[err] the main
current path of which shunts the series combination of resistors R[err] and
R[err] 15          The summing stage 0 has a very simple structure and
comprises a resistor R[err],       15 to which the output signal of the
all-pass filter F[err] is applied, and a resistor R[err], to which via a
decoupling capacitor C[err] the output signal of the automatic gain control
stage is applied. Obviously, one of these resistors may be variable to
permit fine adjust- ment to achieve amplitude equality of the corresponding
signals applied via the two 20      signal paths. The free ends of the
resistors R[err] and R[err] are connected to one another   20 and through a
D.C. blocking capacitor C[err] to an output terminal from which the out-
put signal V[err] of the noise reduction circuit may be derived. Figure 6
shows the relationship between the control voltage V[err] and the threshold
value U[err] which is produced for the offered signal and has been measured
in the circuit 25      shown in Figure 5. The characteristic shows that
there is an approximately linear rela-  25 tionship between the control
voltage and the threshold value. Since the relationship between the
amplitude of the modulated carrier signal and the noise level is similar,
the use of a control signal obtained by rectification of the modulated
carrier signal provides correct control of the threshold value, whilst
obviously optimum adjustment 30      is obtainable by selecting an
appropriate transmission characteristic of the direct-current  30 



amplifier DC. It should be noted that the invention may also be used in
receivers for amplitude- modulated carrier signals. In such use the control
direct voltage may be derived from the automatic gain control voltage
produced by the AM detector. 35          WHAT WE CLAIM IS:-
35 1. Apparatus for the reception of a modulated carrier signal comprising
means for receiving and demodulating said modulated carrier signal and
amplifying means for amplifying a resulting demodulated signal, said
amplifying means including a noise reduction circuit for attenuating
signals which have a frequency above a given 40      cut-off frequency and
an amplitude below a given threshold value, said noise reduc-      40 tion
circuit comprising an input stage to which the signal to be processed is
applied, a first signal path extending from a first output of said input
stage through a high-pass filter and an automatic gain control stage to a
first input of a summing stage, a second path extending from a second
output of said input stage to a second input of said 45      summing stage,
said summing stage having an output from which a processed signal
45 may be derived, whereby in operation the gain of said automatic gain
control stage changes when a signal applied thereto exceeds said threshold
value which threshold value is adjusted by a control arrangement in
response to a control signal which is derived by rectification of said
modulated carrier signal. 50          2. Apparatus as claimed in Claim 1,
for the reception of a frequency modulated       50 carrier signal, in
which said control signal is derived by rectification of said frequency
modulated carrier signal prior to it being limited in amplitude. 3.
Apparatus as claimed in Claim 1 or 2, in which said second signal path
includes an all-pass filter, and the gain of said automatic gain control
stage is arranged to 55      decrease when the signal applied thereto
exceeds said threshold value, said summing      55 stage being such that
common signals having amplitudes below a value at its inputs corresponding
to said threshold are substantially cancelled. 4. Apparatus as claimed in
Claim 3, in which said all pass filter has a transfer function
substantially equal to 60
60 1+p[err] whilst said high-pass filter has a transfer function
substantially equal to    9
1,396,585 a limiter circuit. This circuit comprises two diodes D[err] and
D[err], the cathode of diode D[err] being connected to the anode of diode
D[err] via the series combination of two resistors R[err] and R[err],
whilst the signal amplified by transistor Tr[err] is applied to the anode
of diode D, and the cathode of diode D[err] and also to one end of a
resistor R[err] and the 5      other end of which is connected to the
junction between resistors R,[err] and R[err]. The     5 cathode of diode
D[err] is also connected to a point of constant potential (+50 Volts) via a
resistor R[err] which is shunted by a decoupling capacitor C[err]. The
anode of diode D[err] is also connected to earth potential via a resistor
R[err] which is shunted by a de- coupling capacitor C[err]. Owing to the
direct-current path through resistors R[err], R[err], 10      R[err] and
R[err] a direct voltage is set up across resistors R[err] and R[err] which
fixes the limit-  10 ing level of the circuit. This limiting level is
controlled, in the same manner as is the threshold value of the automatic
gain control stage by the control signal V[err] which via a resistor
R[err], is applied to the gate of a field-effect transistor Tr[err] the
main current path of which shunts the series combination of resistors
R[err] and R[err]. 15          The summing stage 0 has a very simple
structure and comprises a resistor R2[err],    15 to which the output
signal of the all-pass filter F[err] is applied, and a resistor R[err], to
which via a decoupling capacitor C[err] the output signal of the automatic
gain control stage is applied. Obviously, one of these resistors may be
variable to permit fine adjust- ment to achieve amplitude equality of the
corresponding signals applied via the two 20     signal paths. The free
ends of the resistors R[err] and R[err], are connected to one another  20
and through a D.C. blocking capacitor C[err] to an output terminal from
which the out- put signal V[err] of the noise reduction circuit may be
derived. Figure 6 shows the relationship between the control voltage V[err]
and the threshold value U., which is produced for the offered signal and
has been measured in the circuit 25     shown in Figure 5. The
characteristic shows that there is an approximately linear rela-  25 



tionship between the control voltage and the threshold value. Since the
relationship between the amplitude of the modulated carrier signal and the
noise level is similar, the use of a control signal obtained by
rectification of the modulated carrier signal provides correct control of
the threshold value, whilst obviously optimum adjustment 30     is
obtainable by selecting an appropriate transmission characteristic of the
direct-current  30 amplifier DC. It should be noted that the invention may
also be used in receivers for amplitude- modulated carrier signals. In such
use the control direct voltage may be derived from the automatic gain
control voltage produced by the AM detector. 35          WHAT WE CLAIM IS:-
35 1. Apparatus for the reception of a modulated carrier signal comprising
means for receiving and demodulating said modulated carrier signal and
amplifying means for amplifying a resulting demodulated signal, said
amplifying means including a noise reduction circuit for attenuating
signals which have a frequency above a given 40      cut-off frequency and
an amplitude below a given threshold value, said noise reduc-   40 tion
circuit comprising an input stage to which the signal to be processed is
applied, a first signal path extending from a first output of said input
stage through a high-pass filter and an automatic gain control stage to a
first input of a summing stage, a second path extending from a second
output of said input stage to a second input of said 45      summing stage,
said summing stage having an output from which a processed signal      45
may be derived, whereby in operation the gain of said automatic gain
control stage changes when a signal applied thereto exceeds said threshold
value which threshold value is adjusted by a control arrangement in
response to a control signal which is derived by rectification of said
modulated carrier signal. 50          2. Apparatus as claimed in Claim 1,
for the reception of a frequency modulated    50 carrier signal, in which
said control signal is derived by rectification of said frequency modulated
carrier signal prior to it being limited in amplitude. 3. Apparatus as
claimed in Claim 1 or 2, in which said second signal path includes an
all-pass filter, and the gain of said automatic gain control stage is
arranged to 55      decrease when the signal applied thereto exceeds said
threshold value, said summing   55 stage being such that common signals
having amplitudes below a value at its inputs corresponding to said
threshold are substantially cancelled. 4. Apparatus as claimed in Claim 3,
in which said all pass filter has a transfer function substantially equal
to 1-pr 60
60 1+p[err] whilst said high-pass filter has a transfer function
substantially equal to    10
1,396,585       10 (p[err])[err] (pt+1) [(pt)[err] + pt + 1] where p is
angular frequency and r is a time constant. 5. Apparatus as claimed in
claim 3 or 4 in which automatic gain control stage includes first and
second diodes and a first input terminal connected to the anode of 5
said first diode and to the cathode of said second diode, whilst to the
cathode of said  5 first diode and to the anode of said second diode there
is applied a direct voltage which depends upon the amplitude of the signal
applied to said first input terminal and upon the value of the said control
signal applied for said automatic gain control stage. 6. Apparatus as
claimed in claim 5, in which said automatic gain control stage 10
further includes a third diode the anode of which is connected to the
cathode of said  10 first diode, a fourth diode the cathode of which is
connected to the anode of said second diode, a first resistor connected
between the cathode of said third diode and the anode of said fourth diode,
a first capacitor connected between the cathode of said first diode and a
point of constant potential, a second capacitor connected between 15
the anode of said second diode and said point of constant potential, a
second resistor  15 connected between the anode of said fourth diode and a
point of constant potential, a third resistor connected between the cathode
of said third diode and a point of a higher constant potential, a second
input terminal which through two further capacitors 



is connected to the ends of said first resistor and to which a signal is
applied which is 20      proportional to the signal at said first input
terminal, and a semiconductor element  20 the main current path of which
shunts said first resistor and to the control electrode of which said
control signal is applied. 7. Apparatus as claimed in claims 3, 4, 5 or 6
in which there is included in said first signal path between said high-pass
filter and said automatic gain control stage 25      an amplifier which
includes a limiter circuit which prevents the signal applied to    25 said
automatic gain control stage from exceeding a given maximum limiting level.
8. Apparatus as claimed in claim 7, in which said limiter circuit has a
control input for receiving a control signal which is derived by
rectification of said modulated carrier signal, the said control signal
being employed to adjust the limiting level. 30          9. Apparatus as
claimed in claim 8, in which said limiting circuit comprises fifth  30 and
sixth diodes, an input/output terminal connected to the anode of said fifth
diode and to the cathode of said sixth diode, the series combination of
fourth and fifth resis- tors serially connected between the cathode of said
fifth diode and the anode of said sixth diode, a sixth resistor connected
between the said input/output terminal and the 35     junction point of
said fourth and fifth resistors, a seventh resistor connected between  35
the cathode of said fifth diode and a point of a constant positive
potential, an eighth resistor connected between the anode of said sixth
diode and a point of constant poten- tial, and a semiconductor element the
main current path of which shunts the series combination of said fourth and
fifth resistors and the control electrode of which is 40      connected to
said control input.                                                      40
10. Apparatus as claimed in any of the preceding claims, in which the
signal to be processed is applied to said noise reduction circuit via a
low-pass filter which filter has a cut-off frequency lower than the
frequency of a pilot tone which may be present in said modulated carrier
signal. 45         11. Apparatus as claimed in any of the preceding claims,
in which said amplify-   45 ing means includes a first switch in a first
position of which said demodulated signal may be amplified and in a second
position of which signals from another source, for example a record player
or a tape recorder, may be amplified and a second switch ganged with said
first switch and in a first position of which a control signal derived 50
by rectification of said modulated carrier signal is applied to said noise
reduction  50 circuit whilst in a second position of which a constant
control signal is applied to said noise reduction circuit.    1,396,585 12.
Apparatus for the reception of a modulated carrier signal, substantially as
herein described with reference to the accompanying drawings. 13.
Low-frequency amplifier substantially as herein described with reference to
Figures 4 or 5 of the accompanying drawings. C. A. CLARK, Chartered Patent
Agent, Century House, Shaftesbury Avenue, London, W.C.2. Agent for the
Applicants. Printed for Her Majesty's Stationery Office, by the Courier
Press, Leamington Spa, 1975. Published by The Patent Office, 25 Southampton
Buildings, London, WC2A 1AY, from which copies may be obtained.    


