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GB2010039B         1 SPECIFICATION                                   ing
circuitto the input of said second power amp- lifier in such mannerthat any
component of the out- Amplifier eircuit arrangement                     put
signal of said first signal combining circuit derived from the output of
said first power amplifier 5   The invention relatesto an amplifiercircuit
70 will, after passage through said second power amp- arrangement
lifier, drive the load in the opposite sense to that in An amplifier
described in the book "Precision  which the corresponding component of the
output Electronics" by Klein and Zaalberg van Zelst,   signal of the first
power amplifier drives the load, Centrex, Eindhoven 1967, p.164-165,
comprisesfirst  and acoupling from the output of said secondsignal 10
andsecond amplifier elements whose outputs are    75 combining circuit to
the input of said first power connected to a load. The output signal of the
first  amplifier in such manner that any component of the amplifier element
is compared with the input signal  output signal of said second signal
combining circuit thereto in a differencing circuit comprising an  derived
from the output of said second power amp- attenuator and the resulting
signal is applied to the  lifler will, after passage through. said first
power 15 second amplifier element In this amplifier the two    80
amplifier, drive the load in the opposite sense to that amplifier elements
have substantially equal gain fac-  in which the corresponding component of
the output tore and the second amplifier element functions as a  signal of
the second power amplifier drives the load. corretion
ampfierforthefirstampliierelement       In comparison with the known
amplifier arrange The output signal of the first amplifier element is
ment, such an arrangement may have the following 20 attenuated in the
attenuator by a factor equal to the    85 advantages: reciprocal ofthe gain
factor of each amplifier ele-  - the overall distortion percentage may be
ment, and is then compared with the input signal in a  reduced, possibly
even to a value which is hardly comparator The output of compaomparator
conasti-      measurable, provided that each power amplifier can tutes a
correction signal which is added to the output  always transfer a signal to
its output, 25 signal ofthe first amplifier element via the second  90 -
the power amplifiers may be of a kind whichgive amplifier. Thusthe known
"adding-what-is-missing"  rise to a relatively high distortion percentage,
principle is employed, the relative error of the com-  because the total
power delivered is divided plete amplifier arrangement being equal to the
pro-  between two power amplifiers and because the duct of the relative
errors of the two amplifier ele-  arrangement can be symmetrical the
arrangement 30 mants.                                       95 can be more
suitable forconstruction as an inte- Such an arrangement may give rise to
only a very  grated circuit small overall distortion and may be stable.
Embodiments of the invention will now be It has now been recognised that it
is possible to  described, byway of example, with reference to the employ
both of two such amplifier elements to pro-  accompanying diagrammatic
drawings, in which 35 duce conrrection signals in a stable manner, in spite
100   Figure 1 shows a first embodiment, of the fact that the entire
arrangement will contain a  Figure 2 shows a second embodiment, number of
feedback loops if this is done.         Figure 3 and 4 show possible
constructions for the Accordingly, the invention provides an amplifier
arrangement of Figure 1 in more detail,. circuit arrangement comprising
first and second   Figure 5 shows a specific construction for a variant 40
power amplifiers whose outputs are connected to a   105 of the arrangement
of Figure 2, and common load, a signal input terminal coupled to   Figure 6
shows a variant of the arrangement of inputs of said first and second power
amplifiers in  Figure 1. such mannerthat output signals produced by said
The amplifiercircuit arrangement of Figure 1 first and second power
amplifiers in response to the  comprises two amplifier elements 1 and 2,
which are 45 application of an inputsignal to said signal input    110
preceded by preamplifiers 3 and 4 respectively. terminal will drive the
load in the same sense, a first  The amplifier elements I and 2 are final
power signal combining circuit having first and second  stages, which may
each operate in class A or class B. inputs connected to the input to and
the output of  or even in class D in conjunction with a low-pass said first
power amplifier respectively, which first  filter. They operate to produce
a voltage output, i.e. 50 signal combining circuit is constructed in such
man-  115 they have low output impedances. ner asto produce an output
signal in which the con-  A load 7, for example a loudspeaker, is included
tribution thereto derived from the-output of said first  directly between
the respective outputs 5 and 6 of power amplifier is at least partially
cancelled by the .  the power amplifiers 1 and 2. corresponding
contribution thereto derived from the  The preamplifiers 3 and 4 take the
form of differen- 55 input to said first power amplifier, a second signal
120 tial amplifiers and each has a non-inverting input combining circuit
having first and second inputs  (denoted by a + sign) and an inverting
input connected to the input to andthe output of said sec-  (denoted by a
-sign). Preamplifier 3 receives an ond power amplifier respectively, which
second  input signal S at its inverting input; preamplifier4 signal
combining circuit is constructed in such man-  receives this sgnal at its
non-inverting input 60 ner as to produce an output signal in which the con-
125  The amplifiers 1 and 2 are also connected to aux- tribution thereto
derived from the output of said  iliary, in this case differencing,
circuits A and B second power amplifier is at least partially cancelled
respectively, each of which consists of an attenuator by the corresponding
contribution thereto derived  and a signal combining circuit in the form of
a com- from the inputto said second power amplifier, a  parator. The
inverting input of the comparators of 65 coupling from the output of said
first signal combin-  130 the auxiliary circuit A associated with poweramp-



GB2010039B        2 lifier 1 is supplied with a part of the output voltage
signal and the second term the distortion. available atthe output terminal
5 of the power amp-  It is evident that the last term becomes zero if
lifler I via the attenuator of auxiliary circuit A This        [err]
attenuatortakesthe form of a potentiometer 8, and  This requirement is met
if 5 the comparator 9 takes the form of a differential  70
[err] amplifier. The output of the comparator 9 is con-  ie. if the
attenuations given by the attenuators 8 and necred to theinverting input of
preamplifier4for  9 are equal to each other. If this is so the overall gain
applying a correction signal thereto.            will be [err] The
non-invertng Input of the comparator 11 of   It should be pointed out that
the above expression 10 the auxilary circuit B associated with power amp-
75 for the output voltage is only valid if: lifier 2 is similarly supplied
with a part of the output  -the distortion percentages to which the
differen- voltage available atthe outputterminal 6 of the  tial amplifiers
(which may be linearoperational amp- power amplifier2 via the attenuator of
auxiliary cir-  lifiers) give rise are substantially smaller, for exam-
cuit B. This attenuator takes the form of a poten-  pie tens of dBs
smaller, than that to which each 15 tiometer 10, and the comparator 11
takes the form of  80 power amplifier 1 and 2 gives rise. a differential
amplifier. The output of comparator 11  -the resistance of the load is
several times smaller Is conrected to the non-Inverting input of preamp-
than that of each attenuator, Le. than the total resis- lifier 3 for
applying a correction signal thereto. The  tance of each of the
potentiometers 8 and 10. other ends of the potentiometers 8 and 10 are both
-the power amplifiers can always transfer a signal 20 connected to earth.
The input terminal 12 of the  85 totheiroutputs. power amplifier 1 is
connected to the non-inverting  -the so-called "slew rate" i.e  the pulse
response input of the comparator 9, and the input terminal 13  time of the
power amplifiers and the differential of the power amplifier 2 is connected
to the inverting  amplifiers, is smaller than or equal to the maximum input
of the second comparator 11.                "slew rate" of the input
signal. 25  The differential amplifiers 3,4,9 and 11 are linear   90 -If
the gains of the power amplifiers are the same operational amplifiers, the
voltage gain of each of  the attenuation factors 8 are smaller than [err]
(This which may be unity.                               condition is
necessary to obtain stability.) The amplifier arrangement of Figure 1
drives the  Itwill be evident that either or both of the com load? in.
push-pull, and operates as follows. The  perators in Figure 1 may be
connected the other way 30 input signal S to be amplified is subtracted
from the   95 around. For example, the output signal taken from correction
signal from comparator 11 in preamplifier  terminal 5 via attenuator 8 may
be applied to the 3, andthe result is applied to the input 12 of the
non-inverting input of comparator 9 and the input power amplifier 1. Power
amplifier 1 amplifies its  signal taken from terminal 12 may be applied to
the input signal by a factor a, and also results in a distor-  inverting
input thereof, the correction signal from 35 tion or error signal E being
added to the amplified   100 comparator 9 then being applied to a
non-inverting signal, where E represents the linear and the non-  input of
preamplifier4 instead of to the inverting linear distortion produced by
power amplifier 1.  input thereof. A part of the resulting output signal at
point 5 is  Figure 2 shows an amplifier circuit arrangement fed to
comparator 9 via attenuator 8 and is compared  which is similar to that of
Figure 1 but in which the 40 therein with the input signal at terminal 12.
105 power amplifiers 1 and 2 operate to produce a cur- Attenuator 8 gives
rise to an attenuation 8, where 8 is  rent output rather than a voltage
output Thus they the voltage on the tapping of potentiometer 8     have
high output impedances. In Figure 2 the output divided by the voltage
applied to said potentiometer,    terminals 5 and 6 are connected to a
common output i.e. the attenuation factor thereof.             terminal 22
via resistors 20 and 21 respectively, and 45  The resulting correction
signal produced by corn-  110 the load 7 is connected between terminal 22
and parator 9 is subtracted in preamplifier 4 from the  earth. signal S
applied thereto and the result is applied to  The circuit of Figure 2 again
comprises com- the input 13 of amplifier 2. The resulting signal at
parators 9 and 11 and attenuators included in corn- point 13 is amplified
in amplifier 2 by a factor [err]. This  parators or differential amplifiers
8 and 10, the con- 50 amplifier results in a distortion or error signal F
115 nections of these to the power amplifiers 1 and 2 and being added to
the amplified signal.             to the preampifiers 3 and 4 being similar
to those of A part of the resulting output signal is taken from  Figure 1
after taking into account that the power output terminal 6 via 'attenuator
10, which gives rise  amplifiers 1 and 2 are required to operate in phase
to an attenuation [err], where y isthe voltage on the  with each other in
the circuit of Figure 2, which 55 tapping of potentiometer 10 divided by
the voltage   120 results in changes to the polarities of some of the
applied to said potentiometer, i.e. the attenuation  inputs to the various
differential amplifiers. factor thereof.The attenuated signal is compared
The resistors 20 and 21 in the amplifier circuit of with the input signal
at terminal 13 in the comparator  Figure 2 function as current-to-voltage
converters, 11, and theresulting correction signal is fed to amp-  the
voltages appearing there-across being attenu- 60 lifler 1 via preamplifier
3.                  125 ated by the correct amounts in the attenuators in
the The voltage ultimately obtained across the load 7,  differential
amplifiers 8and 10 respectively and i.e between the output terminals 5 and
6 is given by:  being applied to the comparators 9 and 11 respec- [err]
tively in the same phases as those in which the cor- [err]
responding input signals of amplifiers 1 and 2 65 in which the first term
represents the undistorted  130 respectively, which are derived from input
terminals    



3
GB2 010 039 B  3 12 and 13 respectively are applied thereto.     Figure 4
shows another possible construction for ,   The resistors 20 and 21- have
values which are sev-  the amplifier arrangement of Figure 1 in more
detail. eral times smaller than that of the load 7.       In the
arrangement of figure 4 the amplifiers 1 and Figure 3 shows one possible
construction for the  2 each consist of a class B output stage provided 5
arrangement ofFigure 1 in more detail.      70 with npn and pnp Darlington
power transistors of The gain factors a and [err] of the power amplifiers 1
the silicon type. The voltage gain factor of each out- and 2 respectively
are substantially identical. The  put stage is 0.9. The preamplifiers 3 and
4 and the attenuators8 and 10consist of potentiometers,    comparators 9
and 11 each comprise an integrated which are adjusted to give attenuations
which are  linear operational amplifie of the TDA 1034 type. 10 substantial
equal to the reciprocals of these gain    75   The preamplifiers of Figure
4 are voltage ampli- factors [err]
fiers having gain factors of 19.2, and serve as driver Potentiometer 8
consists of a fixed resistor 30 and  circuits for the corresponding power
amplifiers The a variable resistor 31 whilst potentiometer 10 con-
correction signals produced by the comparators 9 sists of fixed resistors
32 and 33. The resistors 30 and  and 11 are each attenuated to 0.05 of
theirvalue by 15 32 have identical values, and the value of resistor 31
80 potentiometers formed by resistors 40 and 41 and by is sightly larger
than that of resistor 33.         resistors 42 and 43 respectively. -The
attenuations y and 8 can be exactly equalized  The quiescent current
through the diodes In each by adjusting the tapped resistor 31.
power amplifier (approximately 10 mA) is arranged The input signal S is
applied to a linearoperational  to be sufficientto ensurethatcurrent is
always flow- 20 amplifer 34 which functions as an impedance   85 ing in at
least one output transistor of each power - matching stage
amplifier  the quiescent current 1 through the output The gain factors of
the linear operational ampli-  transistors of each power amplifier is
approximately flers which constitute the prearnplifiers 3 and 4, the  3.3
mA, which means that both output transistors of comparators 9 and  11 and
the amplifier 34 are each  each power amplifier will carry current even
when 25 unity.                                      90 the input signal
passesthrough zero i.e. the gain of Thevalues of the resistors which are
designated R  the output stages does not then drop to zero. are each 22001L
The value of the resistors 30 and 32  Distortion measurements on an
amplifier is 75000   and those of resistors31 and 33 are 10011  arrangement
constructed as described with refer- and 90[err] respectively.
once to Figure 4 gave the following results: 30  Each power amplifier l and
2 can delivery lOO   95   harmonic distortion in % Watts into a 2 ohm load
atan input voltage of 200 mV,i.e it has a gain factor of approximately 70.
Each of these power amplifiers may be of the class 8 type         [err] SQ
4(Philips). 35  Thelineer operatonal ampliflers may be of the.
[err] type TDA 1034 (Philips), it being assumed that they are required to
operate in the audio frequency range, La. up to 20  only.
10   25      1.8   6    0.15  1.0  0.05 The load 7 may be constituted by a
loudspeaker 40 having an impedance of 4 ohms. As the class B amp- lifiers 1
and 2 are effectively included in a bridge  In these resultsdtot. non-comp.
and [err] comp. have circuit a power of 200 Watts is available       the
same meanings as given previously. Two. distor- Measurements of harmonic
and intermodulation   tion figures are given for each condition, these
being distortion produced by such a push-pull output amp-  obtained when
the effective voltage [err] across the 45 lifler atfull drive, using a
spectrum analyzertype HP    100 (611) load 7 is 0.3 volts and 15 volts
respectively. Fig- 3580 A, gave the following results, two signals of the
ures are also given [err] comp obtained if the same amplitude but different
frequency (14 kHz and  quiescent current is zero, for comparison. In this
15 kHz respectively) being applied to the amplifier  case, when [err] = 0.3
V and the Darlington output during the measurement of intermodulation
distor-  transistors are hence substantially turned off, the 50 tion
105 distortion figures are very high, although the effect harmonic
distortion                     of the compensation is noticeable even in
this case. The intermodulation distortion figures obtained for [err]
the circuit of Figure 4 when [err] =3.3 mAwere: [err] is the relevant
distortion obtained with the circuit of Figure 3 and "tot non-comp" is the
60 corresponding relevant distortion with the feedback loops including the
comparators 9 and 11 open).      _ it will be seen that these distortions
are substan- tially reduced by closure of the feedback loops, by the
provision of the auxiliary circuits comprising     [err] 65 the attenuators
and comparators.    4
GB2010039B         4 The resistors included in the amplifier of Figure 4
signal combining circuitto the input of said second are specified therein
for the most part in fractions of  power amplifier in such mannerthat any
component [err] where R = 2200[err] The value of the attenuator   of the
output signal of said first signal combining 



resistor 41 was 135[err]                            circuit derived from
the output of said first power 5  Figure 5shows a specific construction for
a variant  70 amplifier will, after passage through said second of the
amplifier of Figure 2, but in which the power  power amplifier, drive the
load in the opposite sense amplifiers comprise the same Darlington
transistors  to that in which the corresponding component of the as those
in the amplifier of Figure 4.            output signal of the first power
amplifier drives the The current-to-voltage conversion resistors 20 and
load, and a coupling from the output of said second 10 21 each have a value
of 0.1 [err] The values of most of   75 signal combining circuit to the
input of said first the resistors in the amplifier are specified in factors
power amplifier in such manner that any component of R. where R = 2200[err]
The gain of each of the com-  of the output signal of said second signal
combining parators 9 and 11  is 10.                         circuit derived
from the output of said second power The overall attenuation from the
output of each  amplifierwill, after passage through said first power 15
poweramplifier 1 and2tothe input of the corres-  80 amplifier, drivethe
load in theopposite senseto that ponding signal combining circuit is
determined by  in which the corresponding component of the output the value
of the corresponding resistor 20 or 21 and  signal of the second power
amplifier drives the load. by the gain of the associated comparator 9 or
11.   2. An arrangement as claimed in Claim 1. Figure 6 shows a variant of
the amplifier arrange-  wherein the signal input terminal is coupled to the
20 ment of Figure 1. in which the power amplifiers 1  85 inputs of the
first and second power amplifiers via and 2 are now each of the Inverting
type. (In all the  first and second preamplifiers respectively, wherein
other embodiments described so far the power amp-  the first inputs of the
first and second signal combin- lifiers 1 and 2 are non-inverting.) In the
arrangement  ing circuits are coupled to the outputs of the first and of
Figure 6 the Incoming signal at the input 12 of the  second preamplifiers
respectively and wherein the 25 power amplifier 1 and the signal at the
output 5  90 outputs of the first and second signal combining cir- thereof
are applied to point 50 via equal-value resis-  cuits are coupled to inputs
of the second and first tors 20R The sum thereof (the difference signal),
preamplifiers respectively. attenuated by 20:1, Is applied from point 50 to
the  3. An arrangement as claimed in Claim 2, inverting input of
preamplifier 4. These resistors 20R  wherein the signal input terminal Is
coupled to 30 thus constitute a signal combining circuit    95 inverting
and non-inverting inputs of said first and The other difference signal Is
obtained in a similar  second preamplifiers respectively and wherein said
way at point 51 and is applied tothe inverting input  power amplifiers are
connected to the load in such of preamplifier 3 with the same attenuation.
manner as to drive it in push-pull in response to the In an experimental
version of this amplifier the  application of an input signal to said input
terminal. 35 same operational amplifiers and power amplifiers    100  4. An
arrangement as claimed in Claim 2, were used as in the amplifier
arrangement of Figure  wherein the signal input terminal is coupled
eitherto 4.                                                inverting inputs
of said first and second preampli- CLAIMS
fiers or to non-inverting inputs thereof, wherein the 1. An amplifier
circuit arrangement comprising  outputs of the first and second power
amplifiers are 40 first and second power amplifierswhose outputs are  105
connected to the same terminal of the load via first connected to a common
load, a signal input terminal  and second resistors respectively so that
said power coupled to inputs of said first and second power  amplifiers
will drive the load in parallel in response amplifiers in such mannerthat
output signals pro-  to the application of an input signal to said input
duced by said first and second power amplifiers in  terminal, wherein the
second input of the first signal 45 response to the application of an input
signal to said   110 combining circuit is coupled to the output of a first
signal input terminal will drive the load in the same  comparator the
respective inputs of which are cou- sense, a first signal combining circuit
having first  pled to opposite ends of said first resistor, and and second
inputs connected to the input to and the  wherein the second iriput of the
second signal com- output of said first power amplifier respectively,
bining circuit is coupled to the output of a second 50 which first signal
combining circuit is constructed in   115 comparatorthe respective inputs
of which are cou- such manner as to produce an output signal in which  pled
to opposite ends of said second resistor. the contribution thereto derived
from the output of  5. An arrangement as claimed in any preceding said
first power amplifier is at least partially cancel-  Claim, wherein each
signal combining circuit com- led by the corresponding contribution thereto
prises a pair of resistors, one resistor of each pair 55 derived from the
inputto said first power amplifier, a  120 coupling the first input of the
corresponding signal second signal combining circuit having first and
combining circuit to a corresponding common point second inputs connected
to the input to and the out-  and the other resistor of each pair coupling
the sec- put of said second power amplifier respectively,  ond input of the
corresponding signal combining which second signal combining circuit is
constructed  circuit to the corresponding common point, each 60 in such
manner as to produce an output signal in  125 said common point
constituting the output of the which the contribution thereto derived from
the out-  corresponding signal combining circuit put of said second power
amplifier is at least par-  6. An arrangement as claimed in Claim 5when
tially cancelled by the corresponding contribution  appended to Claim 3,
wherein each power amplifier thereto derived from the input to said second
power  is of the inverting type and has a gain of substan- 65 amplifier, a
coupling from the output of said first  130 tially unity, wherein the two
resistors of each said    4
GB 2 010 039 B    4 The resistors included in the amplifierof Figure 4
signal combining circuit to the input of said second are specified therein
forthe most part In fractions of  power amplifier in such mannerthat any
component R.where R = 2200[err] The value of the attenuator  of the output
signal of said first signal combining 



resistor 4l was 135[err]                             circuit derived from
the output of said first power 5  Figure
5showsaspecificconstructionforavariant  70 amplifierwill, after passage
throughsaid second of the amplifier of Figure 2, but in which the power
power amplifier, drive the load in the opposite sense amplifiers
comprisethe same Darlington transistors  to that in which the corresponding
component of the as those in the amplifier of Figure 4.           output
signal of the first power amplifier drives the The current-to-voltage
conversion resistors 20 and  load, and a coupling from the output of said
second 10 21 each have a value-of 0.1[err] The values of most of   75
signal combining circuit to the input of said first the resistors In the
amplifier are specified in factors  power amplifier in such manner that any
component of [err] where R = 2200[err] The gain of each of the com.  of the
output signal of said second signal combining parators 9and 11 is 10.
circuit derived from the output of said second power The overall
attenuation from the output of each  amplifier will, after passage through
said first power 15 power amplifier 1 and 2 to the input of the corres-
80 amplifier, drive the load in the opposite senseto that ponding signal
combining circuit Is determined by  in which the corresponding component of
the output the value of the corresponding resistor 20 or 21 and  signal of
the second power amplifier drives the load. by the gain ofthe associated
comparator 9 or 11.  2. An arrangementasclaimed in Claim 1, Figure 6 shows
a variant of the amplifierarrange-  wherein the signal input terminal is
coupled to the 20 ment of Figure 1, In which the power amplifiers 1  85
inputs of the first and second power amplifiers via and 2 are now each of
the inverting type. (In all the  first and second preamplifiers
respectively, wherein other embodiments described so far the power amp-
the first inputs of the first and second signal combin- lifiers 1 and 2 are
non-inverting.) In the arrangement  ing circuits are coupled to the outputs
of the first and of Figure 6the incoming signal at the input 12 of the
second preamplifiers respectively, and wherein the 25 power amplifier 1 and
the signal at the output 5  90 outputs of the first and second signal
combining cir- thereof are applied to point 50 via equal-value resis-
cults are coupled to inputs of the second and first tors 20R. The sum
thereof {the difference signal),  preamplifiers respectively. attenuated by
20:1, is applied from point 50 to the  3. An arrangement as claimed in Clim
2, inverting input of preamplifier 4 These resistors 20R  wherein the
signal inputterminal iscoupled to 30 thus constitute a signal combining
circuit.  95 inverting and non-inverting inputs of said first and The other
difference signal is obtained in a similar  second preamplifiers
respectlvely, and wherein said way at point 51 and is applied to the
inverting input  power amplifiers are connected to the load in such of
preamplifier 3 with the same attenuation.     manner as to drive it in
push-pull in response to the In an experimental version of this
ampliflerthe  application of an input signal to said inputterminal. 35 same
operational amplifiers and power amplifiers    100  4. An arrangement as
claimed in Claim 2, were used as in the amplifier arrangement of Figure
wherein the signal input terminal is coupled either to 4.
inverting inputs of said first and second preampli- CLAIMS
flers orto non-inverting inputs thereof, wherein the 1. An amplifier
circuit arrangement comprising  outputs of the first and second power
amplifiers are 40 first and second power amplifierswhose outputs are  105
connected to the same terminal of the load via first connected to a common
load, a signal input terminal  and second resistors respectively so that
said power coupled to inputs of said first and second power  amplifiers
will drive the load in parallel in response amplifiers in such manner
thatoutput signals pro-.  to the application of an input signal to said
Input duced by said first and second power amplifiers in  terminal, wherein
the second input of the first signal 45 response to the application of an
input signal to said  110 combining circuit is coupled to the output of a
first signal input terminal will drive the load in the same  comparator the
respective inputs of which are cou- sense, a first signal combining circuit
having first  pled to opposite ends of said first resistor, and and second
inputsconnected to the inputto and the  wherein the second input of the
second signal com- output of said first power amplifier respectively,
bining circuit is coupled to the output of a second 50 which first signal
combining circuit is constructed in  115 comparatorthe respective inputs of
which are cou- such manner asto produce an output signal in which  pled to
opposite ends of said second resistor. the contribution thereto derived
from the output of  5. An arrangement as claimed in any preceding said
first power amplifier is at least partially cancel-  Claim, wherein each
signal combining circuit com- led by the corresponding contribution thereto
prises a pair of resistors, one resistor of each pair 55 derived from the
input to said first power amplifier, a  120 coupling the first input of the
corresponding signal second signal combining circuit having first and
combining circuitto a corresponding common point second inputs connected to
the input to and the out-   and the other resistor of each pair coupling
the sec- put of said second poweramplifier respectively,  ond input of the
corresponding signal combining which second signal combining circuit is
constructed  circuit to the corresponding common point, each 60 in such
manner as to produce an output signal in  125 said common point
constituting the output of the which the contribution thereto derived from
the out-  corresponding signal combining circuit. put of said second power
amplifier is at least par-  6. An arrangement as claimed in Claim 5 when
tially cancelled by the corresponding contribution  appended to Claim 3,
wherein each power amplifier thereto derived from the input to said second
power  is of the inverting type and has a gain of substan- 65 amplifier, a
coupling from the output of said first  130 tially unity, wherein the two
resistors of each said    5
GB2010039B pair have substantially equal values, wherein the        Printed
for Her Majesty's Office by The tweeddale Press Ltd said common point of
the resistorsof the first signal    Berwick-upon-Tweed 1982 combining
circuit iscoupled to an inverting input of     Published at the patent
offica 



the second preamplifier via an attenuator, and 5 wherein the said common
point of the resistors of the second signal combining circuit is coupled to
an inverting input of the first preamplifier via an attenuator. 7. An
arrangement as claimed in any of Claims 1 10 to 4, wherein each signal
combining circuit com- prises a comparator. 8. An arrangement asclaimed in
Claim 7, wherein each comparator is constituted by a differ- ent amplifier.
15- 9. An arrangement as claimed in Claim 8 wherein each differential
amplifier isconstituted by a linear operational amplifier. 10. An
arrangement as claimed in any of Claims 7 to 9 when appended to Claim 4,
wherein the first 20 input of the first signal combining circuit is con-
nected to the input of the comparator of the first signal combining circuit
which has the same polarity as the input of the comparator of the second
signal combining crcuit to which the first input of the sec- 25 ond signal
combining circuit is connected, and wherein the outputs of the first and
second signal combining circuits are connected to inputs of the second and
first preamplifiers respectively which havethe same polarity as one
another. 30  11. An arrangement asclaimed in any of Claims 7 to 9 when
appended to Claim 3, wherein the sec- ond input of the first signal
combining circuit is con- nected tothe input of the comparator of the first
signal combining circuit of one polarity, wherein the 35 second input of
the second signal combining circuit is connected to the input of the
comparator of the second signal combining drcuit of the opposite polarity,
wherein the output of the first signal com- bining circuit is connected to
an input of said second 40 preamplifier which has said one polarity, and
wherein the output of the second signal combining circuit is connected to
an input of said first preamp- lifier which has said opposite polarity. 12.
An arrangement as claimed in any of Claims 45 1 to 4 or7 to 11 including
first and second attenuators in the signal paths from the output of the
first power amplifier to the second input of the first' signal combining
cicuit and from the output of the second power amplifier to the second
input of the 50 second signal combining circuit respectively. 13. An
arrangement asdaimed in Claim 12, wherein each attenuator consists of a
potentiometer. 14. AnarrangementasclaimedinClaim 12or Claim 13, wherein
theattenuation factors of said 55 attenuators are substantially equal. 15.
An arrangement as claimed in any preceding claim wherein the gain factors
aof the power ampli- fiers are substantially equal. 16. An arrangement as
claimed in Claim 15 when 60 appended to Claim 14, wherein each attenuation
fac- tor is less than [err] 17. An amplifier circuit arrangement substan-
tially as described herein withreferenceto any of Figures 1 to 6 of the
drawings.    


