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APPARATUS AND METHOD
FOR ELECTRICAL MEASUREMENTS ON CONDUCTORS

Field of the Invention

This 1invention relates broadly to developments
concerning equipment for electrical measurements on
conductors. The invention will be described herein with
reference to fault indicators for power distribution
cables, 1t will be appreciated, however, that the
invention does have broader applications, including for
example 1n stand alone current measurements on electrical

conductors.

Background of the Invention

Equipment for detection and location of faults on
power lines 1involve typically the measurement of the
magnetic fields produced by the alternating current in
power lines, using a single magnetic field sensing coil.

In substations, this involves expensive current
transformers, which must also provide insulation between
the power line conductor and earth potential.

There 1s also equipment which can be located
throughout a network which does not provide its own
insulation between the phase and earth potential because
it 1s mounted either at phase potential or at earth
potential.

Such equipment normally derives a signal
proportional to the average or peak magnetic field by
rectifying the waveform to produce a DC voltage and this
1s used for the detection and location of faults. By
deriving a signal proportional to the average or peak
magnetic field, other waveform parameters, phase, and
harmonic content information is removed from the signal.

DC voltages are suitable for analogue amplification, for
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operating analogue control devices and for interpretation
by analogue comparators. .
When the power lines experience a fault, high
currents flow in the conductors of the lines, producing a
5 rapid increase in the magnetic fields around the

conductors. Therefore, if an increase is detected by the
equipment, this is indicative of a fault current having
passed the magnetic field sensing coil. Typically, within
the equipment a derivative of the output signal of the

10 magnetic
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field sensing coil is produced in an analogue electronic

circuit, to detect increases in the amplitude of current
flow. The currents flowing in the conductors of the power
lines, particularly during a fault situation, may typically

5 vary between 5 to 25,000 Amperes. The average magnetic

field around the power line conductors therefore has a high
dynamic range, which 1is typically between 1 to 10,000.
The types of coil which may be used to measure
magnetic fields in such equipment are i) air-cored colls
10 which are typically cylindrical, ii) air-cored toroids,
iii) coils, cylindrical or toroidal, which are cored with a
ferromagnetic or paramagnetic medium other than air. Each
type of coil has specific advantages and disadvantages.
Air-cored coils do not saturate in the presence of high
15 magnetic fields and can therefore be used to detect
magnetic fields with a high dynamic range. However, with
air-cored coils, particularly cylindrical coils mounted at
earth potential some distance from the power line
conductor, low magnetic fields generate only low induced
20 signals in the coil and may therefore be difficult to
detect accurately, in particularly when background signals
may contribute to the measurements.
On the other hand, coils cored with a para- Or
ferromagnetic medium, increase the induced signal 1in the

25 coil due to the high permeability which results 1n an

increase of the magnetic field inside the coil due to

magnetic polarisation of the medium. However, such coils

pr——

have the disadvantage of saturating once the “true”

magnetic field to be measured exceeds a particular value,

—
—

30 and therefore the characteristics of fields 1n excess oI

that particular value cannot be measured with such coils.

In the equipment for detection and location of faults
on power lines, the average magnetic field signal derived
from the coils is processed using an analogue circult.

35 Some fault detectors may employ an analogue varialkble gain
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control utilising for example a variable resistor such as
a Junction Field Effect Iransistor (JFET) to lncrease the
dynamic range for the measurement, however, due to the
analog nature of such circuits the output signal is then
not directly representative Oof measured magnetic field
strength. In some fault detectors, such as those
described in US Patent No. 4947126 and US Patent
No.5270898, a gain may be employed which is switched
between a high and low value by analogue circuitry
utilizing for example, switches or relays. However, due
Lo the analogue nature of such circuits, a dynamic range

Of greater than 16:1 is difficult to attain and scaling of

the amplitude is normally lost. The amplitude of the

waveform, phase or harmonic content preceding, during and

after the fault, since the information utilised is
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fuse or circuit breaker operation (loss of voltage) or a
substantial variation in the voltage.
Furthermore, the equipment described above is not
able to discriminate between a fault current and what is
5 referred to as magnetising inrush currents, which are
typically observed when voltage is applied to a non-
faulted power system following an extended outage period.
Therefore, when the equipment detects loss of system
voltage, 1t usually inhibits its detection of faults until
10 a predetermined period after voltage is reapplied,
resulting i1n a period during which fault detection for the
power line concerned 1s i1mpossible.

Ssummary of the Invention

In accordance with a first aspect of the present

15 1invention there 1i1s provided a method for measuring at
least one characteristic parameter of an alternating
current 1n a conductor, the method comprising the steps
of:

- measuring the magnetic field around the

20 conductor at a point along the conductor;

- deriving an analogue voltage signal
representative of the measured magnetic field;

- adding a direct current (DC) offset signal to
an alternating current (AC) component of the measured

25 magnetic field;

- amplifying the analogue voltage signal;

- converting the amplified voltage signal into
a digital voltage signal;

~ measuring the digital voltage signal and,

30 when the amplitude of digital voltage signal reaches a
predetermined value, adjusting a gain setting of the
amplification; and

- generating an output signal representative of
the parameter of the alternating current

-witNDED SHE!
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based on the amplified voltage signal and the gain
setting.

The step of adding a DC offset signal allows for
making the measured magnetic field suitable for

5 amplification while substantially maintaining waveform
information.

Accordingly, 1n at least preferred embodiments of the
present 1nvention, a large dynamic range can be realised
for the magnetic field/alternating current measurements.

10 Preferably, the method can be used in conjunction with an
alr-cored coil not to be limited by a saturation effect.

The characteristic parameter of the alternating
current may be one of the group of waveform
characteristics of the alternating current such as

15 amplitude of the alternating current; frequency of the
alternating current; phase of the alternating current;
harmonic content of the alternating current; and a
derivative of the alternating current. More than one
parameters may be measured simultaneously.

20 The method may preferably further comprise the step
of integrating the analcgue voltage signal for obtaining
the waveform of the alternating current in the conductor.

Thereby, 1n at least preferred embodiments of the
present invention, even low magnetic field strengths may

25 be measured at high gain settings.

In one embodiment, the step of adding a DC offset
signal comprises the step of varying the DC offset signal
in response to a DC component 1n the digital wvoltage
signal.

30 In a preferred embodiment, the method further
comprises the step of digitally filtering the digital
voltage signal to determine the ratio of a mains voltage
signal at a mains frequency of the conductor and an

MizivJseD SHE~
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harmonic voltage signal at an harmonic of the mains
frequency. In one embodiment, a second harmonic is
utilised for determining whether a magnetic field signal
around the conductor 1is caused by magnetising inrush
current.

Preferably, the method further comprises the step of
measuring an electric field in the vicinity of the
conductor; and deriving a second analogue voltage signal
representative of the measured electric field in the
vicinity of the conductor.

In one embodiment, the step of measuring the electric
field comprises the step of placing a capacitor
arrangement in the vicinity of the conductor; and the
method further comprises the steps of amplifying the
second analog voltage signal; converting the amplified
second voltage signal 1nto a second digital voltage
signal; measuring the second digital voltage signal and,
1if the amplitude of the second digital voltage signal
reaches a second predetermined value, adjusting a second
gain setting of the second amplification; and generating a
second output signal representative of at least one
parameter of a voltage signal in the conductor derived
from the second amplified voltage signal and the second
galin setting.

The characteristic parameter of the voltage signal
may be one of the group of waveform characteristics of the
voltage signal such as amplitude of the voltage signal;
frequency of the voltage signal; phase of the voltage
signal; and harmonic content of the voltage signal. More
than one parameters may be measured simultaneously.

In accordance with a second aspect of the present

invention there 1s provided an apparatus for measuring at

Avich DED SHEE™
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least one characteristic parameter of an alternating
current in a conductor, the apparatus comprising:

- measuring means for measuring the magnetic
field around the conductor at a point along the conductor;

- means for deriving an analogue voltage signal
representative of the measured magnetic field;

- trimming means for providing a DC offset
signal to an AC component of the measured magnetic field;

- amplification means for amplifying the
analogue voltage signal;

- converting means for converting the amplified
voltage signal into a digital voltage signal;

- galn control means for adjusting a gailn
setting of the amplification depending on the amplitude of
the digital voltage signal; and

- means for generating an output signal
representative of the parameter of the alternating current
based on the amplified voltage signal and the gain
setting.

The trimming means allows for making the measured
magnetic field suitable for amplification while
substantially maintaining waveform information.

The characteristic parameter of the alternating
current may be one of the group of waveform characteristic
of the alternating current such as amplitude of the
alternating current; frequency of the alternating current;
phase of the alternating current; and harmonic content of
the alternating current. More than one parameters may be
measured simultaneously.

The apparatus may preferably further comprise means
for integrating the analogue voltage signal to obtain the

waveform of the alternating current in the conductor.

AMENDED SHEE?
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In one embodiment, the apparatus further comprises

filtering means for filtering the digital signal and means

for determining the ratio of a mains voltage signal at a
mains frequency of the conductor and an harmonic voltage

signal at an harmonic of the mains frequency.

Preferably, the apparatus further comprises a second

measuring means for measuring an electric field 1n the
vicinity of the conductor; and means for deriving a second
analogue voltage signal corresponding to the measured
electric field in the vicinity of the conductor.

In one embodiment, the apparatus further comprises

second amplification means for amplifying the second analog
voltage signal; second converting means for converting the
second amplified voltage signal into a second digital
voltage signal; second gain control means for adjusting a
second gain setting of the second amplification means
depending on the second digital voltage signal; and a
second means for generating a second output signal
representative of at least one parameter of a voltage
signal in the conductor derived from the second amplified

voltage signal and the second gain setting.

The characteristic parameter of the voltage signal may
be one of the group of waveform characteristics of the
voltage signal such as amplitude of the voltage signal;
frequency of the voltage signal; phase content of the
voltage signal; and harmonic content of the voltage signal.
More than one parameters may be measured simultaneocusly.

The amplification, conversion, galn control and output
may be performed by the same respective components for both
the electric and magnetic field measurements 1n the

apparatus.

In one embodiment, the amplification means comprises
first and second operational amplifiers in series, wherein
the analogue voltage signal is applied to the non-inverting

r—
s

input of the first operational amplifier, and the output or
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the first operational amplifier 1s connected to the non-
inverting input of the second operational amplifier.

In one embodiment, the gain control means comprises a

o 4 fl!

A\

digitally controlled analogue swilitch having a low

resistance and a high “on” resistance.

Preferably, the trimming means comprises a serial to

parallel shift register, wherein the outputs of the shift

register are connected to a resister network to form a
digital to analogue converter.
The present invention may be more readily understood

from the description of preferred forms of an apparatus for

electrical measurements on conductors given below with

reference to the accompanying drawlngs.

Brief Description of the Drawings

Figure 1 is a schematic diagram illustrating a device
in accordance with one embodiment of the present invention.
Figures 2a, b and ¢ are graphs i1llustrating some

characteristics of the device of Figure 1.

Figure 3 is a circuit diagram showing a detail of a
device in accordance with another embodiment of the present

invention.

Figure 4 is a circuit diagram showing another detail
of the embodiment of Figure 3.
Figure 5 is a schematic diagram illustrating a device

in accordance with another embodiment of the present

invention.

Figure 6 is a schematic diagram illustrating a

“distance to fault calculation” method.
Figure 7 is a schematic, perspective view of a device

in accordance with another embodiment of the present

invention.

Figure 8 is a schematic diagram of a coil for use 1n a

method and/or a device in accordance with embodiments oI

the present invention.
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the Preferred Embodiment

b T}

Detailed Description O

In Figure 1, an AC signal in a power line 10 generates

a magnetic field 12 around the power line 10. A conductive

coil 14 of the device 10 is placed in the vicinity of the

5 power line 10 in a manner such that at least a portion of

the magnetic field lines of the magnetic field 12 passes

through the loops of the coil 14, thereby inducing an AC
signal in the coil 14, which is connected to an internal
ground 18 of the device 16 through an analogue

10 amplification stage 20. An integrator 21 1s provided
before the amplification stage 20. In the analogue
amplification stage 20, the AC voltage across the coil 14
is amplified and the amplified AC voltage signal 1is
inputted into an analogue to digital converter 22 of a

15 microcontroller 24.

The microcontroller 24 controls a gain control unit 26
which in turn controls the gain of the analogue
amplification stage 20. When the microcontroller 24
detects that the amplitude of the converted AC voltage

20 signal has reached a predetermined value, 1t generates a
control signal to the gain control unit 26, 1n response to
which the gain control unit 26 reduces the gain of the
amplification stage 20. Thereby, saturation of the
amplification stage 20 can be avoided and measurements can

25 continue for higher AC voltage signals from the coil 14.

In the microcontroller 24, the converted AC voltage
signal is correlated with the control signals sent to the
gain control unit 26, and the control unit 24 generates an
output signal 28 which is representative of waveform, which

30 includes the amplitude, phase and harmonic content of the

F

AC voltage signal in the coil 14, which 1s a measure Ior

the alternating current signal in the power line 10.
In Figures 2a to c¢, the output signal 28, the
amplified voltage signal 30 and the amplitude of an AC

35 signal 32 in the power line 10 are 1llustrated.
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Referring again to Figure 1, the device 16 further

comprises an offset compensation unit 34. The offset
compensation unit 34 receives a digital signal from the
micro controller 24 representative of a DC component 1in the
amplified AC voltage signal. The offset compensation unit

34 outputs a DC trimming signal which 1s added through a

resistor 36 to the integrated AC voltage signal across the

coil 14 at the input of the amplification stage 20.

Within the offset compensation unit 34, the amplitude

of the generated DC trimming signal is varied to malntailn

the digital DC component signal received from the
microcontroller 24 at a minimum. This can allow the
amplification stage 20 to be operated at high gains without
loss of performance caused by amplification of DC offset
voltages.

Turning now to Figure 3, the input signal 100 and an
of fset correction signal 110 are added through resistor
120. This signal is applied to the non-inverting input of

operational amplifier 130. The DC gain of amplifier 130 1s

R2
equal to G=1+ .where Rj, is the input resistance between

R,

n

the inverting input of the amplifier and the reference

voltage for the amplifier (VCC/2). Device 140 1s a

digitally controlled analog switch that is chosen to have

F
p—

an “off” resistance much higher than the resistor labelled

R2/63. Similarly, the “on” resistance of the analog switch
is chosen to be much less than the resistor labelled R2/63.
Thus, when a control signal from the microcontroller 150 1s

activated, 140 is switched “ON”, its resistance 1s low, sO

the DC gain of the amplifier 130 1s given by

R?2
_+_
R2 /63

its resistance is high, so the DC gain of the amplifier 1is

G~1 -14+463=64. When device 140 is switched “OFF",

N

given by G=1+ =1+0=1. Thus, the activation signal from
o |
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the microcontroller 150 is used to set the DC gain of the

amplifier 130 to either 64 or 1. Capacitor Cl 1s a small

value device and is used to filter out ringing 1n the

output signal following a galin change.

Amplifier 160 amplifies the signal from amplifier 130

and has gains set by R3, R3/3, R3/15, switch 170, and

switch 180.

Signal
labelled
B1G1lo

R C
K
O

1

Signal
}labelled
B1G4

The gains of this stage are shown below:

F

Gain of
Amplifier 160

By combining the gains of amplifiers 130 and 160, the

following gain settings are possible:

Signal
labelled

Signal

labelled

Signal Gain (total)
labelled

The resistor R4 and capacitor C3 are used to lowpass

filter the signal prior to the analog to digital converter

in the microcontroller.

Turning now to Figure 4, the circuitry described below

provides a technique to digitally correct for offset

voltage in low cost,

low power operational amplifiers.

This allows the amplifiers to be operated at high gains

without loss of performance caused by amplification ot

of fset voltages.
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Circuit Operation:
Devices 200 and 210 are serial to parallel shift

registers. The most significant bit of shift register 200
is named D7 and is connected to the input of shift register
210. This gives a twelve digital output D0-D11. The
inputs to the shift register (200 + 210) are generated by
the microcontroller and are labelled DACDATA and DACCLK.
These outputs are connected to the R-2R resistor network
220 to form a digital to analog converter. The output
range of this analog to digital converter is from zero to
(4095/4096) (SHIFTVCC), when SHIFTVCC is a predetermined DC
signal. The output of the digital to analog converter is
attenuated by resistor R1 and R2 and added to voltage VCC/2
to give a small voltage that varies around VCC/2. This
voltage 1s filtered by C1 and buffered by buffer 230 to
give signal B1TRIM.

The trimming software functions by setting the
amplifier circuit shown in Figure 3 to maximum gain. In
the presence of a low input signal, the value of B1TRIM
that minimises the DC offset voltage seen by the
microcontroller 150 is obtained using a binary search
technique.

Returning now to Figure 1, the microcontroller 24 also
performs an analysis of the frequency components of the
amplified AC voltage signal, and thus of the frequency
components of the magnetic field 12.

A lowpass filter is used to provide a signal
proportional to the amplitude of the mains frequency
component of the magnetic field (M;). A bandpass filter is
used to provide a signal proportional to the second
harmonic component of the magnetic field (M,). If the
ratio of M; / M, exceeds a predetermined ratio, then the
magnetic field signal is determined to be caused by
magnetising inrush current.

In Figure 5, in another embodiment a device 300
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further comprises a capacitor arrangement 310 for measuring

the electric field generated by the AC voltage signal on

the power line 10. Both the signal from the capacitor

arrangement 310 and the coil arrangement 330 are processed

substantially as described before for the embodiment

incorporating only a coil for the measurement of magnetic

fields. Similarly as for the magnetic field measurements,
this results in an electric field measurement 1n which a
value representing a parameter of the electric field can be
determined on a “contlnuous” scale.

The device 300 allows the detection of a common but
elusive type of fault, commonly called self-clearing fault.
These faults are characterised by high levels of current
but do not cause a trip. By measuring an lncrease OY
decrease in the magnitude of the electric field,
accompanied by changes in the current, self-clearing faults
may be detected and stored.

The device 300 incorporating the capacitor arrangement
310 for measuring the electric field can also be used to
perform what is commonly referred to as a “distance to
fault calculation”.

Referring now to Figure 6, the impedance of the line
between the supply and the fault indicator is dominated by
inductance L. and resistance Rs.

The impedance of the line between the fault indicator
and the fault is dominated by inductance Ly and resistance

Rr.

The impedance of the line and load beyond the fault
location is dominated by inductance L and resistance Ry.

During the fault, it is assumed that the voltage at

the fault is small compared to the supply voltage.

The voltage seen at the fault indicator 1s:

| diF
VF = 1FRF + LrF . 1.1
dt ,
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where 1ir 18 the fault current and " 1is the time

derivative of the fault current.

If the voltage at the fault indicator 1is measured when

ir 18 zero, then we have:

v l;cﬁF
FTEE S e LiFSO
Rearrangement gives
dt
L=V, diFlinO 1.2

Thus, we may calculate the inductance of the line
between the fault indicator and the fault.

Now, the per/metre inductance of the line 1s a
constant that wvaries little with the configuration or
voltage of the line. Thus it is considered to be
approximately constant for all lines. We may write:

Ly = kK X d,

where k is the inductance per metre and d 1s the
length of the line in metres.

Similarly, we have:

L
d=—. 1.3
k
Combining (1.2) and (1.3) gives
dt
d VF dz'F iF=0 l 4
— L .

Equation (1.4) is the basis for the distance to fault

measurement technique. Note that this technique is used 1n

other products.

If several devices incorporating electrical field

measurements components are used, the distance to fault

reported by each indicator may be used to refine the search

for the location of the fault.

It will be appreciated by a person skilled i1m the art

that numerous variations and/or modifications may sbe made



WO 00/62084 Eh U236623L <D0L=10SL0 PCT/AU00/00315

- 15 -

to the present invention as shown in the specific
embodiments without departing from the spirit or scope of
the invention as broadly described. The present
embodiments are, therefore, to be considered in all

5 respects to be illustrative and not restrictive.

For example, it will be appreciated that the present

invention is not limited to measurements performed on a

single conductor, but rather the measurements could be

conducted on a plurality of adjacent power lines. In such
10 circumstances, one or more sensors (such as coil 14 ot

Figure 1) could be used.

For example, it will be appreciated that the
measurement may also be performed utilising two or more
coils with an angular offset between them to establish the

15 characteristics of the magnetic field.



10

15

20

25

30

CA 02366531 2005-03-04

- 16 -

1. A method for measuring at 1least one characteristic

parameter of an alternating current in a conductor, the

parameter of the alternating current comprising at least
one of a group of waveform characteristics of the

alternating current; phase of the alternating current;

harmonic content of the alternating current; and a
derivative of the alternating current, the method
comprising the steps of:

measuring a magnetic field around the conductor at a
point along the conductor to obtain a measured magnetic
field value;

integrating the measured magnetic field wvalue to

thereby derive an analogue voltage signal representative

of the magnetic field;

adding a direct current (DC) offset signal to an

alternating current (AC) component of the magnetic field;

amplifying the analogue voltage signal;
converting the amplified voltage signal into a

digital voltage signal, the digital voltage signal being

within a dynamic range of signal values;
measuring the digital voltage signal including a DC

component 1in the digital voltage signal, and when the

amplitude of digital voltage signal reaches a

predetermined value, adjusting a gain setting of the

amplification to vary the dynamic range of signal wvalues,

and varying the DC offset signal in response to the

measured DC component in the digital voltage signal;
generating an output signal representative of the

parameter of the alternating current based on the

amplified voltage signal and the gain setting; and
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deriving a second analogue voltage signal
representative of the measured electric field in the
vicinity of the conductor;

whereby 1n measuring the variance in the magnitude
of the electric fiéld. generated by the conductor in
conjunction with wvariance in the conductor, faults in the

conductor may be detected.

2 . A method as claimed in c¢laim 1, further comprising

the step of digitally filtering the digital voltage

signal to determine the ratio of a mains voltage signal
at a mains frequency of the conductor and a second
harmonic of the mains frequency for determining whether a
magnetic field signal around the conductor is caused by

magnetizing inrush current.

3. A method as claimed in claim 1, wherein the step of
measuring the electric field comprises the step of

placing a capacitor arrangement in the vicinity of the

R

conductor; and the method further comprises the steps of:

amplifying the second analog voltage signal;

converting the amplified second voltage signal into
a second digital voltage signal;

measuring the second digital voltage signal and,
when the amplitude of the second digital voltage signal
reaches a second predetermined value, adjusting a second
gain setting of the amplification:;

and generating a second output signal representative
of at least one parameter of a voltage signal in the

conductor based on the amplified second voltage signal

and the second gain setting.

T T s SN O A AN S SN AN MW, sy



10

15

20

25

30

VUL SR A SR A A e TORAS AN T D 2RI L Mt N A R S FATAR) NSNS KV T A e v DI RN Y P sl T BRI N R £ Se e nemer M .

CA 02366531 2005-03-04

- 18 -

4, An apparatus for measuring at least one
characteristic parameter of an alternating current in a

conductor, wherein the parameter of th

F N

e alternating
current comprises at least one of a group of waveform
characteristics of the alternating current; phase of the
alternating current; harmonic content of the alternating
current; and a derivative of the alternating current, the

apparatus comprising:

measuring means for measuring a magnetic field
around the conductor at a point along the conductor;
integrating means for deriving an analogue voltage

signal representative of the measured magnetic field:

trimming means for providing a DC offset signal to
an AC component of the measured magnetic field;

amplification means for amplifying the analogue

voltage signal;
converting means for converting the amplified
voltage signal into a digital voltage signal, wherein the

digital voltage signal is within a dynamic range of

signal values;

gain control means for adjusting a gain setting of
the amplification depending on the amplitude of the
digital voltage signal, wherein the dynamic range of

signal values is varied;

second trimming means for providing a second DC

offset of the amplification means;

means Ior generating an output signal representative
of the parameter of the alternating current based on the
amplified voltage signal and the gain setting;
second measuring means for measuring an electric field in

the vicinity of the conductor: and
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second 1ntegrating means for deriving a second
analogue voltage signal corresponding to the measured
electric field i1n the vicinity of the conductor;

wherein by measuring the variance 1n the magnitude

of the electric field i1n conjunction with the wvariance in

current, faults 1n the conductor may be detected.

5. An apparatus as clailmed 1n claim 4, the apparatus
further comprising filtering means for filtering the
digital signal and means for determining the ratio of a
mains voltage signal at a mains freguency of the
conductor and a second harmonic of the mains freguency to
determine whether a magnetic field signal around the

conductor 1s caused by magnetizing inrush current.

6. An apparatus as claimed 1n claim 4, the apparatus
further comprising:

second amplification means for amplifying the second
analog voltage signal;

second converting means for converting the second
amplified voltage signal 1nto a second digital voltage
signal ;

second galin control means for adjusting a second
galn setting of the second amplification depending on the
second digital voltage signal;

and a second means for generating an output signal
representative of at least one parameter of a voltage
signal 1n the conductor based on the second amplified

voltage signal and the second gain setting.

7. An apparatus as claimed 1n claim 4, whereln the first

trimming means comprises a serial to parallel shift
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register, wherein the outputs of the shift register are

connected to a resister network to form a digital to

analogue converter.

8 . An apparatus as claimed 1in claim 7 wherein the
second trimmling means comprises a serial to parallel
shift register, and wherein the outputs of the shift

register are connected to the register network to form a

digital to analogue converter.
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