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TRANSFER FUNCTION (71)    We, PHILIPS  ELECTRONIC  be increased, whilst the
signal itself will be AND    ASSOCIATED    INDUSTRIES  distorted owing to
this frequency-dependent 50 LIMITED, of Abacus House, 33 Gutter  and
amplitude-dependent transfer function. Lane, London, E.C.2., a British
Company,  When the signal is played back this distortion 5  do hereby
declare the invention, for which  must obviously be eliminated again, for
which we pray that a patent may be granted to us, purpose the output signal
of the information and the method by which it is to be per-  channel is
applied to a second circuit arrange-  55 formed, to be particularly
described in and  ment which has a transfer function which is by the
following statement:-              complementary to that of the first
circuit 10    The invention relates to a circuit arrange-  arrangement.
Consequently the original signal ment having an overall transfer function
de-  is obtained in the undistorted condition. How- pendent upon the
amplitude and the fre-  ever, the noise which is caused by the infor-  60
quency of the signal to be handled by the  mation channel and the signals
which have a arrangement.                              corresponding
frequency and a small ampli- 15    Such circuit arrangement may be used in
tude will be particularly reduced, so that the noise reduction systems for
reducing noise  improved signal-to-noise ratio of the signal in caused by
an information channel, especially  the information channel is retained in
play-  65 noise reduction systems which comprise a first  back. circuit
arrangement which precedes the infor-    Obviously, to achieve
distortion-free play- 20  mation channel and a second circuit arrange-
back of the signal it is of particular import- ment which succeeds the
information channel  ance that the transfer functions of the two and has a
transfer function which is comple-  circuit arrangements, the compressor
and the  70 mentary to the transfer function of the first  expander, are
complementary to one another circuit arrangement.  -                   as
exactly as possible. The stringency of this 25    Such noise reduction
systems, which of  requirement increases with increase in the late have
drawn much attention, are of par-  complexity of the transfer functions of
the ticular importance in, for example, magnetic  arrangements in respect
of dependence upon  75 record carriers, for these magnetic record
amplitude and frequency, but this complexity carriers introduce a
considerable amount of  usually is desirable to obtain effective noise 30
noise in the signal recorded, and this gives  reduction, for in general it
will cause the rise to higher annoying effects when the audio-  required
circuits to be more critical. and/or video-information recorded is played
Hence, in systems in which both circuit  80 back.
arrangements are used, e.g. tape-recorders The influence of the noise
caused by the  suitable both for recording and playback, it 35  information
channel, in the above example  will be highly advantageous for the unit
which by the magnetic record carrier, on the signal  determines the
behaviour of these circuit played back can be greatly reduced by means
arrangements with respect to frequency and  85 of a noise reduction system
of the aforemen-  amplitude to be completely identical for both tioned
type. For this purpose the circuit  circuit arrangements. In this case a
single 40  arrangement which precedes the information  unit may be used
which, depending upon the channel has a transfer function such that at
desired function, either compression or ex- least signals having a small
amplitude and a  pansion, is switched into the first or into the  90
frequency in the vicinity of the frequency of  second of the circuit
arrangements. This re- the noise introduced by the information chan-
quires a switching device the structure and 45 nel are boosted. As a
result, the signal-to-  operation of which is determined by the struc-
noise ratio of the signal in the information  ture of the circuit
arrangements and which channel, which in the aforementioned ex-  naturally
is to be as simple as possible. Fur-  95 ample is the magnetic record
carrier, will thermore, circuit arrangements in which the    2
1,431,481                                         2 likelihood of
instabilities due to feedback loops  be effected in two manners. In the
first man- -  is a minimum will preferably be used. Finally  ner the
positions of the first and second it is desirable that the circuit
arrangements  impedances in the series circuit may be inter- should be
capable of being simply manufac-  changed whilst in a second manner the
change- 



5  tured in integrated-circuit form  and should  over may be effected
within the second imped-  70 occupy a small area.
ance. For this second manner a switching The invention provides a circuit
arrange-  means may be provided which in a first posi- ment having an
overall transfer function de-  tion enables a control signal derived from
the pendent on the amplitude and the frequency  signal dependent to current
be directly sup- 10  of the signal to be handled by the arrange-  plied to
the second transistor via the network, 75 ment comprising a first
impedance, the main  whilst in a second position negative feedback current
path of a first transistor and a second  of the network is brought about
via a nega- impedance in that order, means for applying  tive-feedback
circuit and additional inversion an input signal to the control electrode,
of  of the control signal. A suitable choice of 15  the first transistor,
the first and second imped-  the negative-feedback  circuit enables two  80
ances and the main current path of the first  mutually  complementary
functions to  be transistor being traversed by a signal depend-  realised
in this manner. ent current whose amplitude is dependent on    The
invention  also provides a  circuit the amplitude of an input signal when
applied  arrangement having an overall transfer func- 20  to the control
electrode, the second impedance  tion dependent on the amplitude and the
85 including a second transistor and a further  frequency of the signal to
be handled by the impedance, the main current path of the  arrangement
comprising a first impedance, the second transistor and the further
impedance  main current path of a transistor and a second -being connected
in series in the path for the  impedance in that order, means for applying
25  signal dependent current, means for deriving  an input signal to the
control electrode of   90 a signal from the further impedance and for the
transistor, the first and second impedances applying it through a network
as a control  and the main current path of the transistor signal for the
control electrode of the second  being traversed by a signal dependent
current transistor, the impedance of the second im- whose amplitude is
dependent on the ampli- 30  pedance being dependent on the amplitude  tude
of an input signal when applied to the  95 and the frequency of the signal
dependent  control electrode, means for deriving an out- current when it
flows  through the second  put signal voltage from across either the first
impedance, and means for deriving an output  or the second impedances, the
impedance of signal voltage from across either the first or  the second
impedance being dependent on 35  the second impedances.
the amplitude and the frequency of the signal 100 The transfer function of
the circuit arrange-  dependent current when it flows through the ment is
determined by the quotient of the  second impedance which impedance
includes two impedances and hence depends upon the  a further impedance and
a bipolar transistor behaviour of these impedances as a function  connected
for operation in common collector 40  of the amplitude and the frequency of
the  configuration, the collector-emitter path of 105 applied signal.
Preferably an impedance de-  the bipolar transistor and the further imped-
pendent on the amplitude of and traversed  ance being in the signal
dependent current by the signal dependent current included in  path, and
means for applying a control signal the second impedance provides the
second  via a network to the base of the bipolar tran- 45  impedance with a
component which is in-  sistor which control signal is derived from  110
dependent of the amplitude of the signal de-  the signal dependent current.
pendent current. The network in the second impedance may  The invention
further    provides a noise re- include a variable circuit having a
controllable  duction system incorporating a circuit arrange- 50  transfer
function, and means for applying a  ment as described above and which may
be second control signal to a control input of  for use in tape
record-playback apparatus, in  115 the circuit which second control signal
is  which for the record mode a signal to be 'derived from  the signal
dependent current  recorded is applied through the circuit arrange- The
variable circuit may be a filter whose  mernt to a recording head whilst
for the play- 55 cut-off frequency is controllable in response  back mode a
signal to be played back is to the second control signal or an amplifier
derived from a playback head by way of a 120 whose gain is controllable in
response to the  second such circuit arrangement, the second second control
signal. The filter and ampli-  circuit arrangement having a transfer func-
fier  may also be used together. The second  tion complementary  to that of
the first men- 60  control signal may be obtained by detecting  tioned
circuit arrangement. The second circuit the first mentioned control signal
when applied  arrangement may be the first circuit arrange- 125 to the
control electrode of the second transis- ment modified to provide the
complementary tor                                       transfer function.
- The change over from one transfer function - Embodiments of the invention
will now be 65  to the complementary transfer function may  described, by
way of example, with reference    1,431,481
3 to the accompanying diagrammatic drawings,  such as that shown in Figure
2. In the em- in which:                                  bodiment shown in
this Figure the impedance 



Figure 1 is a circuit diagram of a circuit  device [err] comprises an
impedance [err] the arrangement of a type to which the invention  collector
emitter path of a transistor [err] of the 5  relates,
npn-type and an impedance [err] which are  70 Figure 2 is a first
embodiment of the cir-  connected in the manner shown in series be- cuit
arrangement according to the invention,  tween the terminal [err] and the
collector of Figures 3 and 4 show two embodiments  the transistor [err] The
impedance device [err] which each have a transfer function comple-  further
includes a network G which receives 10  mentary to that of the circuit
arrangement of  a signal from the impedance [err] and applies  75 Figure 2,
a first control signal derived from this signal Figure 5 shows a combined
circuit by  to the base of the transistor [err] The con- means of which two
mutually complementary  struction of the signal transmission device
transfer functions are obtainable,         shown in Figures 1 or 2 has the
advantage 15    Figure 6 is a more elaborate structure of  that it enables
the complementary transfer  80 the circuit arrangement in a preferred em-
function to be simply realized with the use bodiment of the invention,
of the same impedance device [err] This will Figure 7 is a detailed circuit
of the arrange-  be proved by calculating the transfer func- ment of Figure
6 which is suitable to be  tion of the arrangement shown in Figure 20
manufactured in integrated circuit form, and  2;
85 Figure 8 and 9 illustrate the frequency-    Neglecting the base-emitter
voltage of the dependent and amplitude-dependent behaviour  transistor
[err] and the output current, the sig- of this embodiment.
nal current in the series circuit comprising Figure 10 is a further
embodiment of the  the impedances [err] and the main cur- 25  circuit
arrangement according to the inven-  rent paths of the transistors [err]
and [err] will  90 tion and       -                           be equal to
Figure 11 is a detailed circuit of the arrangement of Figure 10 which is
suitable  ([err]                [err] to be manufactured in integrated
circuit form. 30    In the Figures corresponding elements are
Z designated by like reference symbols. The signal transmission arrangement
shown  On the basis of this signal current the control in Figure 1
illustrates, in general outline, a voltage applied to the base of the
transistor circuit arrangement of the type to which the 35  invention
relates and comprises a transistor                    [err] [err] of the
npm-type. The emitter of this                [err] transistor. [err] is
connected to the negative ter-    .                                 95
minal of a supply source, for example to earth, via a first impedance
element [err] The  where g is the transfer function of the net- 40
collector of the transistor [err] is connected to work G.  Neglecting the
base-emitter voltage the positive terminal +VB  of the supply  of the
transistor [err] the emitter voltage has source via a second impedance
[err] The input  the same value and the output signal [err] is: signal
voltage [err] is applied to the base of the transistor [err] and the output
signal voltage [err]           [err] 45 is  derived from  the collector of
transistor         [err]                    (1) [err]
100 In the arrangement of Figure 1, the im-  [err] pedance [err] is formed
by an impedance de-    This expression shows that the frequency- vice which
has an amplitude-dependent and  dependent and amplitude-dependent nature of
50  frequency-dependent nature, as it comprises  the transfer function is
determined by the im- the parallel combination of an inductance L,
pedances [err] and [err] and also by the a resistor R and two diodes D and
D' in-  transfer function g of the network G. Hence, 105 versely connected.
The impedance device fur-  the impedances [err] and [err] may be in the
ther includes an impedance [err] connected in  form of resistors, whilst
the variations of the 55  series with the parallel combination. This
transfer functions are mainly determined by design for the impedance [err]
may be used, the network G. However, as an alternative one for example, in
a system for the reduction  or more of the impedances [err] and [err] may
110 -of noise in a video signal, in which use the  be made
frequency-dependent and, if desired, non-linear distortion produced by this
design  amplitude-dependent. The impedance [err] may 60  will in general be
permissible.           -even be entirely dispensed with. If compara- The
present invention is principally con-  tively complex transfer functions
are to be cerned with handling; audio signals where  realized, it will in
general be preferable for 115 this distortion will in general not be per-
the frequency dependence and the amplitude missible, and therefore the
impedance device  dependence to be largely determined by the 65  Z2 needs
to have a more complex structure  network G.    4
1,431,481                                         4 



As has been mentioned hereinbefore, it is  of a transistor [err] of the
npn-type to the base highly desirable that in achieving the comple-  of
which the input signal [err] is applied. The mentary transfer function the
same elements  collector of the transistor [err] is connected to can be
used, in particular the elements which  the positive terminal of the supply
source  65 5  primarily determine the transfer function, i.e.  via the
impedance [err] from which the output the impedances [err] and the network
G.  signal [err] is derived. Owing to the choice of the design of the
The impedance [err] the transistor [err] and signal transmission device
this may simply be  the impedance device [err] effectively form  a effected
in a variety of manners, two examples  series circuit with respect to the
signal cur-  70 10  being shown in Figures 3 and 4.            rent,
because the current source I supplies a The embodiment shown in Figure 3
sub-  constant current. This constant current will be stantially
corresponds to the arrangement  divided between the two branches of the
cir- shown in Figure 2. The single difference from   cuit and any change in
this division due to the circuit shown in Figure 2 consists in that the
applied input signal [err] will cause an in-  75 15  the transistor [err]
of the npn-type has been  crease in one branch and an equal reduction
replaced by a transistor [err] of the pnp-type,  in the other branch. The
change in current which naturally entails that the collector and  is the
signal current which therefore effectively emitter connections have changed
positions.  flows in series through impedance [err] tran- In this
embodiment the input signal [err] is  sistor [err] and impedance device
[err] Again, 80 20  applied to the base of this transistor and the
equation (2) is simply found for the transfer output signal [err] is
derived from its collector,  function. The advantage of the arrangement
which here is connected to the impedance  shown in Figure 4 is that only
transistors of [err] A simple calculation shows that the rela-  the
npn-type are used, whilst moreover this tionship between the input signal
and the out-  device may advantageously and simply be  85 25  put signal
for this device is given by     combined with the arrangement shown in   -
Figure 2, as is illustrated in Figure 5. [err]                     The
arrangement shown in this Figure again [err]               V,    (2)
comprises the impedance device [err] which is [err]
connected in series with the collector-emitter  90 path of the transistor
[err] and the impedance which relationship obviously is fully comple-
[err] between the positive terminal [err] and mentary to the transfer
function of equation  earth. The arrangement further comprises a *     (1)
of the arrangement shown in Figure 2. transistor [err] the emitter of which
is connected 30  If an impedance device [err] is used which  to the
collector of the transistor [err] A switch  95 corresponds to that shown in
Figure 1, the  [err] enables the input signal [err] to be applied device
shown in Figure 3 will also obviously  at will to the base of the
transistor [err] or have a transfer function which is comple-  to the base
of the transistor [err] whilst a mentary to that realized by the device
shown  switch [err] enables the output signal [err] to be 35  in Figure 1.
derived at will from  the collector of the  100 For a noise reduction
system for use in a  transistor [err] or from  the collector of the tape
recorder in which during the recording  transistor [err] These switches
[err] and [err] are process, but before the recording head, the  ganged
with one another and with two further signal is to be compressed, whilst
during  switches [err] and [err] so that all the switches 40  playback the
signal is to be expanded, this  [err] to [err] occupy either the positions
desig- 105 may, for example, mean that the same im-  nated by a or the
positions designated by b pedances [err] and [err] may be used for both  at
any one time. When in the position b the modes and that the desired mode
may be  switch [err] connects the collector of the tran- selected by
switching either the transistor [err]  sistor [err] to one terminal of the
impedance 45  (Figure 2) or the transistor [err] (Figure 3) into  Z',, the
other terminal of which is connected  110 circuit
to the positive terminal [err] of the supply A transfer function
complementary to that  source. The switch [err] when in the position b of
the arrangement shown in Figure 2 may  connects the base of the transistor
[err] to a also be obtained by connecting the imped-  reference voltage
[err] 50  ance device [err] in the emitter circuit and the    It will be
clear that when the switches [err] 115 impedance element [err] in the
collector circuit  to [err] are in the position a the operative part of
[err] and replacing the npn-transistor [err] by  of the device is identical
to the arrangement a pnp-transistor.                          shown in
Figure 2. When the switches are Figure 4 shows a third possibility of
achiev-  in the position b a fixed reference voltage [err] 55  ing the
complementary transfer function of  is applied to the base of the
transistor [err] 120 equation (2). The device shown again com-  This means
that the collector current of the prises an impedance [err] a first
terminal of  transistor [err] then is constant and conse- which is also
connected to the positive ter-  quently this transistor acts as a constant
cur- minal. [err] of the supply source. However, rent source. Hence it may
readily be appreci- 60  the second terminal is connected to earth via  ated
that in this case the operative part of 125 a constant current source I and
to the emitter  the device is identical to that shown in Figure   



5                                       1,431,481 4. If the two transfer
functions are required  resistance [err] is applied to an emitter follower
to be complementary, the only requirement to  circuit which comprises a
transistor [err] and a be satisfied is that the impedance [err] and
resistor [err] and forms part of the high-pass [err] are equal. Therefore
these impedances may  filter [err] The filter action is obtained by 5
expediently be resistors, because resistors may  means of an RC network
comprising a capaci-  70 simply be made exactly equal to each other,  tor
C, and a resistor [err] The filter [err] fur- so that the
frequency-dependent and ampli-  ther comprises a transistor [err] in
inverse con- tude-dependent behaviour is primarily deter-  nection the
collector-emitter path of which mined by the impedance [err] Thus, changing
shunts the resistor [err] and to the base of which 10  over the switches
[err] to [err] which obviously  a control signal is applied. The impedance
75 may take the form  of electronic switches,  introduced by this
transistor in parallel to enables a complementary transfer function to  the
resistor [err]  obviously influence the RC be selected according to whether
a signal is  time constant and hence the cut-off frequency recorded or a
recorded signal is played back   of the filter (C,, [err] [err] so that
this cut-off 15  and this selection also may obviously be per-  frequency
is dependent upon the control signal  80 formed automatically.
applied to the base of the transistor [err] Figure 6 shows the arrangement
of Figure    The output signal of this high-pass filter 2 in which, by way
of example, the construc-  [err] is applied to the amplifier [err] This
ampli- tion of the network G is shown schematically.  fier A, includes a
differential stage which 20  This network G includes a filter [err] for ex-
comprises transistors [err] and [err] emitter im-  85 ample a high-pass
filter. The output signal  pedances [err] and [err] and a common emitter of
this filter is applied via an amplifier [err]  impedance [err] the output
signal of the filter to the base of the transistor [err] The output  [err]
being applied to the base of the transistor signal of the amplifier A, is
also applied to  [err] whilst to the base of the transistor T. 25  a second
amplifier [err] which may have a  there is applied a reference voltage
which is  90 frequency-dependent amplification factor. The  obtained by
means of a voltage divider [err] amplitude of the output signal of the
ampli-  [err] and an emitter follower circuit compris- fier [err] is
measured by means of a detector  ing a transistor [err] and a resistor
[err] The D  and the measured value is applied to a  differential pair
[err] and [err] may be biassed 30  non-linear filter [err] which may be
both fre-  so as to provide a desired limitation of the  95
quency-dependent and amplitude-dependent.  signal. The resistor [err] is
also connected to The output signal of this filter [err] is applied  the
resistor [err] A  voltage divider [err] and to a control input of the
filter [err] the cut-  [err] is connected in the collector circuit of off
frequency of which is controllable by  the transistor [err] and from  the
junction in 35  means of the signal applied to this control  this voltage
divider an output signal is derived  100 input. Alternatively, the
amplifier [err] may be  which is applied to a voltage divider [err]
controllable, its amplification factor (gain)  [err] whose junction is
connected to the tran- depending upon the signal applied to its  sistor
[err] control input (broken line). This schematically    A second output
signal of the amplifier [err] 40  shown construction for the network G
enables  is derived from the collector of the transistor 105 a wide variety
of transfer functions to be  [err] and is applied to the amplifier A2. This
realized in accordance with the instantaneous  amplifier [err] has a
frequency-dependent ampli- purpose.
fication factor, due to the parallel combination Figure 7 shows a detailed
embodiment of  of a resistor [err] and a capacitor C2 connected 45  the
arrangement shown in Figure 6 which is  via a resistor [err] to the emitter
of a tran- 110 generally suitable for manufacture in inte-  sistor [err] of
the pnp-type. The output signal grated-circuit form and is particularly
suited  of this amplifier [err] is derived, via a capacitor for use in
audio tape recorders, and Figures  [err] from a collector resistor [err] of
the tran- 8 and 9 show characteristics for this circuit  sistor [err] 50
arrangement. -                                 The output signal of the
amplifier [err] is 115 In Figure 7 the elements of the network G   applied
to the detector D  which comprises as shown in Figure 6 are enclosed in
broken-  resistors [err] a capacitor [err] line boxes. The arrangement
shown in Figure  and a diode [err] the voltage across the capaci- 7
includes the transistor [err] to the base of  tor C4 always being a measure
of the ampli- 55  which the input signal [err] is applied and from   tude
of the output signal of the amplifier [err] 120 the collector of which the
output signal V,, is  This voltage across the capacitor [err] is applied
derived. The impedances [err] and [err] in  to the non-linear filter [err]
the series circuit between earth potential and    This filter includes an
RC network which the positive terminal [err] of the supply  comprises a
capacitor [err] and a resistor R,, 60  source are constituted by resistors
[err] and  and to which the voltage across the capacitor 125 [err]
respectively. This series circuit further  [err] is applied, the resistor
[err] being shunted comprises the collector-emitter path of the  by a diode
[err]  connected in the pass direc- transistor [err] connected between the
resistors  tion, so that the the transfer function of this [err] and [err]
RC network is not only frequency-dependent 65    The signal voltage
produced across the  but also amplitude-dependent. The junction in  130 



1,431,481                                          6 this RC network is
connected to the base of  G to which the voltage is applied from the a
transistor [err] of the pnp-type in the emitter  impedance [err] In the
embodiment shown in lead of which are connected a resistor [err]  Figure
10, however, the network G is dif- and a diode D, which are shunted by a
resis-  ferent in design to that in Figure 6 and 5 tor [err] The output
signal of this filter [err]  firstly includes a buffer amplifier [err]
having a  70 in this case the collector current of the tran-  non-inverting
(+) output and an inverting sistor [err] is applied to the control input of
(-) output. The non-inverting output of this the filter [err] in this case
the base of the  amplifier is connected to a terminal a of a transistor
[err] and thus control the cut-off  switch S which is connected to the
variable 10  frequency  of the high-pass filter [err]      filter [err] The
filter [err] is connected in series  75 The transfer function produced by
this  with the amplifier [err] an inverting output of arrangement, which
function consequently has  which is connected to a buffer amplifier [err]
the a nature which is both frequency-dependent  output signal of which is
added to the output and amplitude-dependent, is shown in Figures  signal
from the inverting output of the ampli- 15  8 and 9  Figure 8 shows to a
logarithmic  fier B,, the resulting sum signal being applied  80 scale the
voltage [err] at the base of the tran-  to a terminal b of the switch S.
The signal sistor [err] as a function of the amplitude of  at a
non-inverting output of the amplifier [err] the input signal [err] for
three frequencies of  is applied to the base of the transistor T2 and this
input signal, where [err] Figure 9  also to the series combination of the
amplifier 20  shows to a logarithmic scale the output signal  [err]
detector D  and filter [err] to provide a  85 V. as a function of the
frequency for three  control signal for the variable filter F,. values of
the amplitude of the input signal,    Assuming that in the compression mode
the where [err]             -            switch S is in the position a, the
base signal Obviously the circuit arrangement shown  voltage V' of the
transistor [err] will be equal 25  in Figure 7 may be varied in many ways,
to:                                             90 thus enabling the
transfer function achieved by  the arrangement to be matched to the
[err]         (3) instantaneous requirement, without departing from the
scope of the invention.  '   :     where i is the signal current through
the series 30    Furthermore, by way of example, the con-  circuit, [err]
and [err] are the gain factors of the struction of the impedance device
[err] which  amplifiers [err] and [err] and [err] is the transfer is shown
in Figures 2, 3, 4 and 5 and in which  function of the filter [err].
Because       95 the main current path of the transistors T2 is  -..
connected in series with the impedance [err]                         [err]
35  may be modified by using a construction in
(3a) which the main current path of this transistor is connected in
parallel with this impedance [err] In this case the transistor [err] must
be of a  the output signal [err] of the compression cir- conductivity type
opposite to that of [err] and  cuit will be. 40 have its emitter connected
to that terminal of the impedance [err] which is  connected to the
[err] positive terminal +VB of the supply source.                   [err]
(4) Variation of the  control voltage at the base               Z of this
transistor naturally varies the' imped 45  ance of the parallel combination
of this tran-    In  the  expansion mode the switch  S  100 sistor and the
impedance [err]              occupies the position b, resulting in a vol-
Figure 10 shows an embodiment of a cir-  tage V' at the base of the
transistor [err] cuit arrangement according to the invention in which the
change-over from one function (for                    [err] 50
example-compression) to the complementary             [err]
(5) function (for example expansion) and con-                      [err]
versely is not effected by displacing the im- pedance device [err] but by
changing the im-  where i' is the current flowing through the pedance
provided by this impedance device. It  series circuit, [err] is the gain
factor of the  105 55  is found-that the chosen construction for this
amplifier [err] and [err] is the transfer function impedance device enables
both complemen-  of the filter F,. From this there follows for tary
functions to be realized by changing  the output voltage during  the
expansion over a single switch, as will be shown herein-  mode: after -with
reference to a calculation.    -    - 60. - -The impedance device [err]
comprises, simi-  [err] larly to that shown in Figure 6, the series
[err]                              (6) combination of an impedance [err]
the collec    --               [err]              110 tor-emitter  path  of
a transistor [err] and an  When:- 



impedance [err] the base voltage for the tran- 65; sistor  being obtained
by means of -a network             [err]        (7)    7
1,431,481                                              7 then [err] will
equal [err] for the expressions (4)  tion of the resistor [err] and these
transistors and (6). Assuming [err] then with             can be varied. A
third transistor [err] identic- :                       ally shunts a
resistor [err] at the other input of the difference amplifier. [err]
(7a)       The non-inverting output of the amplifier  60 [err] is
constituted by the collector of the tran- sistor [err] and is connected to
the base of the from  (3), (3a), (4), (5), (7) and (7a) it can  transistor
[err] and, via a collector resistor [err] 5   be shown that the condition
for this equality, to the positive terminal [err] of the supply of the
absolute values is                      source. The inverting output of the
amplifier  65 -                           Al is constituted by the
collector of the tran- sistor [err] and is connected to the emitter of
[err]              (8)    the transistor [err] causing the output voltages
from  the amplifiers [err] and [err] to be added. The amplifier [err] of
Figure 10 is omitted and  70 If this condition is satisfied, from  the
equa-  hence has the gain factor 1, which is rendered tions (4), (6), (7a)
and (8) it also follows that   possible by a suitable choice of [err] and
[err] (see equation (8)). 10                     [err]                (9)
The control signal for the variable filter [err] which signal is applied to
the bases of  75. This means that when the condition (8) is  the
transistors [err] and [err] is obtained satisfied the two transfer
functions are com-  by means of the combination of the amplifier
plementary. If [err] the two amplifiers [err]  [err] the detector D  and
the filter F2. The and [err] may be identical.                       input
signal for this circuit, which is taken 15    Obviously the network G shown
in Figure  from  that applied to the base of the tran-  80 10 may be
modified in various manners. How-  sistor [err] is first amplified by means
of tran- ever, the embodiment shown which includes  sistors [err] and [err]
after which via transistors amplifiers having inverting  (--) and non-
[err] and [err] a class B final stage configura- inverting (+) outputs has
the advantage that  tion with transistors [err] and [err] and a cur- 20
only a single switch S is required.            rent mirror using
transistors [err] [err] the  85 Figure 11 shows an embodiment of the
signal is rectified, whilst by the inclusion of a arrangement shown in
Figure 10 which is suit-  capacitor [err] and a resistor [err] between the
able for fabrication by integrated circuit tech-  emitters of the
transistors [err] [err] and earth niques, the elements of the network G
being  a filter action is also effected. Finally the 25  enclosed in
appropriately labelled broken-line  rectified  control voltage undergoes
another  90 boxes. The buffer amplifier [err] comprises  amplification and
filter action by means of transistors [err] and [err] and resis-
transistors [err] in conjunction tors [err] and [err] The input of this
amplifier  with resistors [err] and a capaci- [err] is the base of the
transistor [err] which  tor [err] The collector current of the transistor
30  is connected to a resistor [err] which corres-  [err] is used as a
control signal for the vari-  95 ponds to the impedance Z4 of Figure 10.
The  able filter [err] for which purposes this col- non-inverting output of
the amplifier [err] is  lector is connected to the bases of the tran-
constituted by the emitter of the transistor  sistors [err] and [err] The
quiescent cur- [err] which is connected to the terminal a of  rents for the
various transistors of the ampli- 35  the switch S. The signal at this
non-inverting  fiers [err] and [err] are supplied by a multiple  100 output
is inverted by means of the transistors  current source comprising
transistors [err] and [err] and [err] and the resistors [err] and [err]
[err] which receive their bias via the series and applied via the
transistor [err] connected  connection of resistors [err ] and diodes as an
emitter follower to the terminal b of  [err] The amplifier [err] and the
detector 40  the switch S.                                  D  receive
quiescent currents for their tran-  105 The wiper of the switch S
constitutes the  sistors via a multiple current source compris- input of
the filter [err] which is combined with  ing transistors [err] and [err]
the bias for which the amplifier [err] The amplifier [err] comprises  is
derived from  the said series combination Darlington transistor pairs [err]
and [err]  [err] via an emitter follower 43  [err] and emitter resistors
[err] The filter  [err] a resistor [err] and diodes [err]       110 [err]
is constituted by the series combination of    Although in the embodiments
shown. by a capacitor [err] and a resistor [err] the junction  way of
example only bipolar transistors are point of these elements being
connected to  used, unipolar transistors (e.g. field effect tran- the base
of the transistor [err] The transfer  sistors) may obviously be used also.
50  characteristic of this high-pass filter can be varied by means of pnp
transistors [err]       WHAT WE CLAIM   IS:-                         115 



the emitter collector paths of which shunt the    1. A circuit arrangement
having an overall resistor [err] and to the bases of which a con-  transfer
function dependent on the amplitude trol signal is applied, so that the
overall  and the frequency of the signal to be handled 55  resistance
constituted by the parallel combina-  by said arrangement comprising a
first im-    1,431,481                                            7 then
[err] will equal [err] for the expressions (4)  tion of the resistor [err]
and these transistors and  (6). Assuming [err] then with             can be
varied. A third transistor [err] identic- -                          ally
shunts a resistor [err] at the other input of the difference amplifier.
(7a)  The non-inverting output of the amplifier  60 [err]
A, is constituted by the collector of the tran- sistor [err] and is
connected to the base of the from  (3), (3a), (4), (5), (7) and (7a) it can
transistor [err] and, via a collector resistor [err] 5   be shown that the
condition for this equality  to the positive terminal [err] of the supply
of the absolute values is                     source. The inverting output
of the amplifier  65 A, is constituted by the collector of the tran- sistor
[err] and is connected to the emitter of [err]               (8)    the
transistor [err] causing the output voltages from the amplifiers [err] and
[err] to be added. The amplifier [err] of Figure 10 is omitted and  70 If
this condition is satisfied  from  the equa-  hence has the gain factor 1,
which is rendered tions (4), (6), (7a) and (8) it also follows that
possible by a suitable choice of Z,, Z4, and b, (see equation (8)). 10
[err]                (9)       The control signal for the variable filter
[err] which signal is applied to the bases of  75 This means that when the
condition (8) is  the transistors [err] and [err] is obtained satisfied the
two transfer functions are com-  by means of the combination of the
amplifier plementary. If [err] the two amplifiers [err]  [err] the detector
D  and the filter F2. The and [err] may be identical.
input signal for this circuit, which is taken 15    Obviously the network G
shown in Figure  from  that applied to the base of the tran-  80 10 may be
modified in various manners. How-  sistor [err] is first amplified by means
of tran- ever, the embodiment shown which includes  sistors [err] and [err]
after which via transistors amplifiers having inverting (-) and non-  [err]
and [err] a class B final stage configura- inverting (+) outputs has the
advantage that  tion with transistors [err] and [err] and a cur- 20  only a
single switch S is required.           rent mirror using transistors [err]
the  85 Figure 11 shows an embodiment of the  signal is rectified, whilst
by the inclusion of a arrangement shown in Figure 10 which is suit-
capacitor [err] and a resistor [err] between the able for fabrication by
integrated circuit tech-  emitters of the transistors [err] and earth
niques, the elements of the network G being  a filter action is also
effected. Finally the 25  enclosed in appropriately labelled broken-line
rectified control voltage undergoes another  90 boxes. The buffer amplifier
[err] comprises  amplification and filter action by means of transistors
[err] and [err] and resis-  transistors  [err]  in conjunction tors [err]
and [err] The input of this amplifier  with resistors [err]  and a capaci-
[err] is the base of the transistor [err] which  tor [err] The collector
current of the transistor 30  is connected to a resistor [err] which
corres-  [err] is used as a control signal for the vari-  95 ponds to the
impedance [err] of Figure 10. The  able filter [err] for which purposes
this col- non-inverting output of the amplifier [err] is  lector is
connected to the bases of the tran- constituted by the emitter of the
transistor  sistors [err]and [err] The quiescent cur- [err] which is
connected to the terminal a of  rents for the various transistors of the
ampli- 35  the switch S. The signal at this non-inverting  fiers [err] and
[err] are supplied by a multiple  100 output is inverted by means of the
transistors  current source comprising transistors [err] and T,  and [err]
and the resistors [err] and [err]  [err] which receive their bias via the
series and applied via the transistor [err] connected  connection of
resistors [err] and diodes as an emitter follower to the terminal b of
[err]. The amplifier [err] and the detector 40  the switch S.
-              D  receive quiescent currents for their tran-  105 The wiper
of the switch S constitutes the  sistors via a multiple current source
compris- input of the filter [err] which is combined with  ing transistors
[err] and [err] the bias for which the amplifier [err] The amplifier [err]
comprises  is derived from  the said series combination Darlington
transistor pairs [err] and [err]    [err], via an emitter follower 43
[err] and emitter resistors [err]. The filter  [err] a resistor [err] and
diodes [err]     110 F, is constituted by the series combination of
Although in the embodiments shown by a capacitor [err] and a resistor [err]
the junction  way of example only bipolar transistors are point of these
elements being connected to  used, unipolar transistors (e.g. field effect
tran- the base of the transistor [err] The transfer  sistors) may obviously
be used also. 



50  characteristic of this high-pass filter can be varied by means of pnp
transistors [err]    WHAT WE CLAIM  IS:-                           115 the
emitter collector paths of which shunt the    1. A circuit arrangement
having an overall resistor [err] and to the bases of which a con-  transfer
function dependent on the amplitude trol signal is applied, so that the
overall  and the frequency of the signal to be handled 55  resistance
constituted by the parallel combina-  by said arrangement comprising a
first im-    1,431,481                                         8 pedance,
the main current path of a first  therethrough in addition to said signal
depend-  65 transistor and a second impedance in that  ent current order,
means for applying an input signal to    9. A circuit arrangement as
claimed in any the control electrode of said first transistor,  of the
preceding Claims 1 to 7, in which 5  said first and second impedances and
the  said second impedance is connected in paral- main current path of said
first transistor being  lel with the series combination of said first  70
traversed by a signal dependent current whose  impedance and the main
current path of said amplitude is dependent on the amplitude of  first
transistor, the junction between said first an input signal when applied to
said control  transistor and said second impedance being 10  electrode,
said second impedance including a  connected to a source of constant
current second transistor and a further impedance, the  such that, in
operation, each parallel circuit  75 main current path of said second
transistor  branch has a supply current passing there- and said further
impedance being connected in  through in addition to said signal dependent
series in the path for said signal dependent  current 15  current, means
for deriving a signal from said    10. A circuit arrangement as claimed in
further impedance and for applying it through Claim 9, in which said source
of current 80 a network as a control signal for the control  source is
formed by a third transistor one electrode of said second transistor, the
imped-  terminal of the main current path of which ance of said second
impedance being depend-  is connected to the said junction whilst the 20
ent on the amplitude and the frequency of  other terminal of said main
current path is said signal dependent current when it flows  connected to a
third impedance, and means  85 through said second impedance, and means
for applying a reference voltage to the control for deriving an output
signal voltage from   electrode of said third transistor. across either
said first or said second imped-    11. A  circuit arrangement as claimed
in 25  ances.                                       Claim 10, in which
switching means are pro- 2. A circuit arrangement as claimed in  vided
which in a first position causes an input  90 Claim  1, in which an
impedance dependent  signal to be applied to the control electrode on the
amplitude of and traversed by the sig-  of said first transistor, an output
signal vol- nal dependent current included in said second  tage to be
derived from across said first im- 30  impedance provides said second
impedance  pedance and a reference voltage to be applied with a component
which is independent of  to the control electrode of said third transis-
95 the amplitude of the signal dependent cur-  tor, whilst in a second
position said switch- rent.                                       ing means
causes an input signal to be applied to the control electrode of said third
tran- 3.A  circuit arrangement as claimed in   sistor, the connection
between said first tran- 35  Claim 1 or 2, in which said network includes
sistor and said first impedance to be broken  100 a variable circuit having
a controllable trans-  and an output signal voltage to be derived fer
function, means for applying a second  from across said second impedance.
control signal to a control input of said cir-    12. A circuit arrangement
as claimed in cuit which second control signal is derived  any one of the
preceding Claims 1 to 7, in 40  from said signal dependent current.
which a switching means is provided which in  105 4. A  circuit arrangement
as claimed in  a first position enables said control signal Claim 3, in
which said variable circuit is a  derived from  said further impedance to
be filter whose cut-off frequency is controllable in  directly supplied to
said second transistor response to said second control signal.     via said
network, whilst in a second position 45    5. A  circuit arrangement as
claimed in  negative feedback of said network is brought 110 Claim 3, in
which said variable circuit is an  about via a negative-feedback circuit
and amplifier whose gain is controllable in res-  additional inversion of
said control signal. ponse to said second control signal.           13. A
circuit arrangement as claimed in 6. A  circuit arrangement as claimed in
Claim  12, in which a variable filter in said 50  Claim 3, or 5, in which
said second control  network is preceded by a first buffer amplifier 115
signal is obtained by detecting the first men-  having first and second
outputs capable of tioned control signal when applied to the  delivering
output signals in mutually opposite control electrode of said second
transistor.  phases, said switching means in its first posi- 7. A circuit
arrangement as claimed in  tion establishing a connection between the 55
Claim 6, in which said second control signal  first output of said first
amplifier and the  120 subsequent to detection is passed through a  input
of said filter whilst in its second posi- 



non-linear filter.                          tion said switch means
establishes a connec- 8. A circuit arrangement as claimed in any  tion
between the input of said filter and a of the preceding Claims 1 to 7, in
which said  summation circuit to which are applied the 60  first impedance,
the main current path of the  signal from  the second output of said first
125 first mentioned transistor and said second  amplifier and the
negative-feedback signal impedance are connected in series between the
obtained from said negative-feedback circuit terminals for a supply source
such that, in    14. A  circuit arrangement as claimed in operation, a
supply current passes serially  Claim  13, in which said network includes a
9                                         1,431,481
9 second amplifier having first and second out-  the collector-emitter path
of said bipolar puts capable of delivering output signals in  transistor
and said further impedance being mutually opposite phases, the control
signal for  in the signal dependent current path, and said second
transistor being derived from the  means for applying a control signal via
a 5  first output of said second amplifier, whilst the  network to the base
of said bipolar transistor  45 signal for said negative-feedback circuit is
which control signal is derived from said sig- derived from the second
output of said second  nal dependent current amplifier.
17. A circuit arrangement having an overall 15. A circuit arrangement as
claimed in  transfer function dependent on the amplitude 10  Claim 14, in
which said negative-feedback has  and the frequency of the signal to be
handled  50 a gain factor [err] which is equal to         by said
arrangement substantially as herein described with reference to Figures 2
to 11 [err]                       of the accompanying drawings. 18. A noise
reduction system incorporating [err]                       a circuit
arrangement as claimed in any of the  55 preceding claims. where [err] is
the impedance of said first im-    19. A noise reduction system as claimed
in pedance, [err] is the impedance of the imped-  Claim  18 for use in tape
record-playback 15  ance which transforms said signal dependent  apparatus,
in which for the record mode a current into an input voltage for said first
signal to be recorded is applied through said  60 buffer amplifier and
[err] is the gain of said  circuit arrangement to a recording head whilst
first buffer amplifier.                    for the playback mode a signal
to be played 16. A circuit arrangement having an overall back is derived
from a playback head by way 20  transfer function dependent on the
amplitude  of a second circuit arrangement as claimed and the frequency of
the signal to be handled  in any of the preceding Claims 1 to 17, said  65
by said arrangement comprising a first im-  second circuit arrangement
having a transfer pedance, the main current path of a transistor  function
complementary to the transfer func- and a second impedance in that order,
means  tion of said first mentioned circuit arrange- 25  for applying an
input signal to the control  ment. electrode of said transistor, said first
and    20. A noise reduction system  as claimed  70 second impedances and
the main current path  in Claim  19, in which said second circuit of said
transistor being traversed by a signal  arrangement is said first circuit
arrangement dependent current whose amplitude is de-  modified to provide
said complementary trans- 30  pendent on the amplitude of an input signal
fer function. when applied to said control electrode, means    21. A noise
reduction system substantially  75 for deriving an output signal voltage
from   as herein described with reference to Figures across either said
first or said second imped-  2 to 11 of the accompanying drawings. ances,
the impedance of said second imped- 35  ance being dependent on the
amplitude and                C. A. CLARK, the frequency of said signal
dependent cur-          Chartered Patent Agent, rent when it flows through
said second imped-            Century House, ance which impedance includes
a further im-            Shaftesbury Avenue, pedance and a bipolar
transistor connected for           London, W.C.2. 40  operation in common
collector configuration,        Agent for the Applicants. Printed for Her
Majesty's Stationery Office, by the Courier Press, Leamington Spa, 1976.
Published by The Patent Office, 25 Southampton Buildings,  ondon, WC2A 1AY,
from which copies may be obtained.    


