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(71) W e , ASSOCIATED ELECTRICAL 
INDUSTRIES LIMITED, of 1, Stanhope Gate, 
London W.l, a British Company, do hereby 
declare the invention, for which we pray 

5 that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
following statement: — 

The present invention relates to electric 
10 circuits that are responsive to the rate of 

change of value of a variable electric input 
signal. 

Such circuits may be used in nuclear 
reactor control systems to initiate emergency 

15 procedures in the event of, for example, 
reactor temperature rising at an excessive 
rate, although the circuit described herein-
after is not restricted to such use. 

According to one aspect of the present 
20 invention in an electric circuit that is re-

sponsive to the value of a variable electric 
input signal applied thereto in which the 
difference between the value of said variable 
signal and a predetermined value is ampli-

25 fied by means of a chopper amplifier, there 
are provided means responsive to the output 
signal level from said chopper amplifier in 
operation to supply a chopping signal for 
said chopper amplifier only so long as said 

30 output signal level does not change by more 
than a predetermined amount in a predeter-
mined time. 

Preferably the output signal from said 
chopper amplifier is rectified, smoothed and 

35 periodically sampled, the sampled value being 
stored in die form of a voltage level across 
a storage capacitor, and the smoothed recti-
fied output signal is compared continuously 
with the sampled value. The predetermined 

40 time may be the interval between successive 
samples. 

According to another aspect of the present 
invention an electric circuit that is responsive 
to the rate of change of value of a variable 

45 electric input signal thereto comprises means 
including a chopper amplifier to derive a 
variable voltage signal the value of which 
is dependent upon the value of said input 
signal, sampling means periodically to apply 

50 said variable voltage signal to a storage ca-

pacitor, means to superimpose a rectangular 
waveform signal on the said storage capac-
itor voltage, and comparison means to com-
pare the superimposed signals with the said 
variable voltage input and to produce a 55 
rectangular wave output signal in response 
to the rectangular wave component of said 
superimposed signals only so long as the 
voltage excursions of said rectangular wave 
component give rise to polarity changes in 60 
the resultant of said comparison, the circuit 
being arranged such that said rectangular 
wave output signal ceases to be produced 
at some point in a sampling period if the 
average rate of change of value of said 65 
variable input signal during that period ex-
ceeds a predetermined level, whereby an 
indication may be given or a control effected. 

Preferably the means to derive a variable 
voltage signal comprises said chopper ampli- 70 
fier, to which is applied as an input the 
difference between said variable input signal 
and a predetermined value, and rectifying 
and smoothing means to which the output 
of said chopper amplifier is applied to derive 75 
said variable voltage signal. The output 
signal from said comparison means may be 
applied as the chopping signal for said 
chopper amplifier, so that said chopper 
amplifier substantially ceases to provide a 80 
rectangular wave output signal if the variable 
input signal becomes equal to said predeter-
mined value or if the rate of change of said 
variable input signal exceeds said predeter-
mined level. 85 

Alternatively the output signals from said 
comparison means and said chopper ampli-
fier may be applied to respective inputs of 
a demodulator which is arranged to produce 
an output signal only when rectangular wave 90 
signals are present at both inputs thereof. 

An electric circuit that is responsive to 
the value of a variable electric input signal 
applied thereto will now be described with 
reference to the drawings accompanying the 95 
provisional specification, of which: 

Figure 1 shows the circuit schematically, 
and 

Figure 2 shows a part of the circuit of 
Figure 1 diagrammatically. 100 
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Referring first to Figure 1, the circuit 
is arranged to be responsive to the output 
voltage of a thermocouple (not shown) which 
is applied to an input point 1. The thermo-

5 couple output voltage, together with a pre-
determined voltage derived from a voltage-
divider network 2, is applied to the input of 
a chopper circuit 3 the output of which is 
connected to an amplifier 4. The chopper 

10 circuit 3 comprises a field effect transistor 
(not shown) the major current path of which 
is connected between the point 1 and the 
input of the amplifier 4, this transistor being 
switched repeatedly in operation between 

15 conducting and substantially non-conducting 
states by a square wave chopping signal 
supplied by way of the line 5. 

The square wave output of the amplifier 
4 is applied both to a rectifier circuit 6 and 

20 to a power amplifier 7, the output of the 
power amplifier 7 being connected to a 
rectifier circuit 8. The output of the rectifier 
circuit 6 is applied to a sampling circuit 9 
and one input of a differential amplifier 10. 

25 Outputs from a square wave oscillator 11 
and a sampling pulse generator 12 are 
also applied to the sampling circuit 9 
by way of respective lines 13 and 14, 
while outputs from the sampling circuit 

30 9 are applied to differential amplifiers 15, 
16 and 17 bv wav of respective lines 
18, 19, 20. The output of the differential 
amplifier 15 is connected to the chopper 
circuit 3 by way of the line 5 while the 

35 outputs of the differential amplifiers 10, 16 
and 17 are connected by way of an 'or' gate 
21 to an alarm circuit 22. 

Referring now to Figure 2, the sampling 
circuit 9 comprises a field effect transistor 

40 23 the control electrode of which is connect-
ed to the lines 13 and 14 and the major 
current path of which connects the output of 
the rectifier circuit 6 to one electrode of a 
storage capacitor 24 the other electrode of 

45 which is connected to the line 13 and to 
earth by way of a resistor 25. The said one 
electrode of the capacitor 24 is also connected 
to the control electrode of a field effect 
transistor 26, while the output of the recti-

50 fier circuit 6 is connected to the control 
electrode of a field effect transistor 27, the 
transistors 26 and 27 being a matched pair. 
The major current paths of the transistors 
26 and 27 are connected in series with 

55 respective resistors 28 and 29 between a 
positive supply line 30 and a negative supply 
line 31, and the electrodes of the transistors 
26 and 27 that are connected to the respec-
tive resistors 28 and 29 are also connected 

60 to the base electrodes of junction transistors 
32 and 33 respectively. The collector elec-
trodes of the transistors 32 and 33 are con-
nected to the positive line 30 while the 
emitter electrode of the transistor 32 is con-

65 nected to the negative supply line by way 

of a resistor 34 and one dual constant current 
sources 35, and the emitter electrode of the 
transistor 33 is connected to said negative 
supply line 31 by way of resistors 36 and 
37 in series and the other of said dual 70 
sources 35. A meter 38 is connected between 
the emitter electrodes of the transistors 32 
and 33. Connections to the lines 18, 19 and 
20 are taken from points in the emitter 
circuits of the transistors 32 and 33. 75 

In operation the thermocouple output 
voltage of, say, up to forty millivolts is 
added in the input circuit of the chopper 
circuit 3 to the predetermined voltage from 
the network 2, which predetermined voltage 80 
is of opposite polarity to the said output 
voltage and which is of a magnitude equiva-
lent to, say, a maximum permissible tem-
perature at the location of the thermocouple. 
The output of the amplifier 4, when rectified 85 
by the rectifier circuit 6, provides a variable 
voltage in the range, say, from zero to six 
volts representing effectively the difference 
between the measured temperature and the 
maximum permissible temperature. 90 

Referring again to Figure 2, the variable 
voltage is applied to the source electrode of 
the transistor 23 and to the control electrode 
of the transistor 27. When a sampling pulse 
of, say, three hundred milliseconds duration 95 
from the generator 12 is applied to the 
control electrode of the transistor 23 the 
variable voltage is applied across the storage 
capacitor 24 together with a first square 
wave voltage of a repetition rate of, say, 100 
one or two kilohertz from the oscillator 11 
which is set up across the resistor 25. A 
second square wave voltage from the oscill-
ator 11 of the same repetition rate as said 
first square wave voltage is applied to the 105 
control electrode of the transistor 23, and 
this second square wave voltage serves to 
ensure that, at the end of each sampling 
pulse the transistor 23 is switched off when 
the first square wave voltage is contributing 110 
little or nothing to the charging voltage for 
the capacitor 24. 

The interval between sampling pulses may 
be of the order of half a minute to four 
minutes. During this interval the voltage 115 
stored on the capacitor 24 when the last 
sampling pulse ended, together with the 
first square wave voltage, is applied as the 
input signal of a two stage amplifier com-
prising the transistors 26 and 32. At the 120 
same time the variable voltage from the 
rectifier circuit 6 is applied as the input 
signal of a similar amplifier comprising the 
transistors 27 and 33. The connections from 
the emitter circuits of the transistors 32 and 125 
33 therefore apply to respective inputs of 
the differential amplifiers 15, 16 and 17 
signals representing the stored voltage with 
the first square wave superimposed thereon, 
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and the variable voltage from the output 
of the rectifier circuit 6. 

As long as the value of the variable 
voltage during any sampling period remains 

5 within predetermined ranges of values above 
and below the value of the voltage stored 
on the capacitor 24 at the beginning of that 
sampling period the square wave component 
at the input of the amplifier 15 gives rise 

10 to a square wave output signal from this 
amplifier. The predetermined ranges are set 
by the amplitude of the square wave from 
the oscillator 11 and a voltage offset between 
the sampled value and the variable value 

15 provided by the resistor 36. 
The square wave output signal from the 

amplifier 15 is applied over the line 5 to 
switch on and off the series transistor (not 
shown) in the chopper circuit 3, which oper-

20 ates to apply a chopped input signal to the 
amplifier 4 only while the value of the 
thermocouple output voltage is such that 
the variable voltage that is derived from 
it remains within the predetermined ranges 

25 of values throughout the sampling period. 
At the same time the sum voltage which is 
chopped to provide said input signal to the 
amplifier 4 will in general be non-zero unless 
the thermocouple output voltage becomes 

30 equal to said predetermined voltage. 
In normal operation therefore a square 

wave signal is produced at the output of 
the amplifier 4, which signal is passed by the 
power amplifier 7 to the rectifier circuit 8, 

35 which provides rectified output current to 
operate a trip relay (not shown). If the 
thermocouple output voltage becomes equal 
to the predetermined voltage, or if the 
thermocouple output voltage varies during 

40 a sampling period so that die variable volt-
age produced by the rectifier circuit 6 falls 
outside the predetermined ranges of values 
above and below the most recent sampled 
value, then the square wave signal is no 

45 longer produced by the amplifier 4 and the 
rectified current to the trip relay ceases, 
thus initiating a trip procedure. 

The amplifier 10 is used to compare the 
variable voltage from the rectifier circuit 6 

50 with a preset voltage so as to operate an 
alarm circuit 22, by way of an 'or' circuit 
21, if the thermocouple output voltage 
approaches the predetermined value. Similar-
ly the amplifiers 16 and 17 are arranged to 

55 compare different outputs from the emitter 
circuits of the transistors 32 and 33 to 
operate the alarm circuit 22 if the rate of 
change of the variable voltage approaches 
that which would initiate a trip procedure. 

60 Direct current feedback may be provided 
between the output of the rectifier circuit 
6 and the input to the chopper circuit 3, 
this feedback being normally negative feed-
back. The rectifier circuit 6 is not phase 

65 sensitive, however, so that if the thermo-

couple output voltage passes the predeter-
mined value the input voltage to the chopper 
circuit changes sign, the feedback becomes 
positive and the variable voltage from the 
rectifier circuit 6 is driven rapidly to a 70 
maximum, whereupon the sampling circuit 
9 and the amplifier 15 operate to remove 
the chopper signal from the line 5. 

The alarm circuit 22 may include a flip-
flop circuit (not shown) which is set to give 75 
a continuous indication of an alarm condi-
tion once such a condition has occurred. 
The setting of the flipflop circuit may be 
arranged to effect resetting of the sampling 
generator 12 so that a new sample is taken 80 
when an alarm condition first appears. This 
resetting of the sampling generator enables 
the arrangement to tolerate short duration 
transients with rates higher than normal with-
out causing a trip procedure to be initiated. 85 

The circuit in general may utilize inte-
grated circuits. 

In an alternative circuit (not shown) the 
chopper circuit 3 may be operated directly 
from the oscillator 11, and the outputs from 90 
the amplifiers 7 and 15 may be taken to 
inputs of a synchronous detector which re-
quires square wave signals from both ampli-
fiers 7 and 15 to provide a rectified output 
signal. 95 

WHAT WE CLAIM IS:— 
1. An electric circuit that is responsive 

to the value of a variable electric input 
signal applied thereto in which the difference 
between the value of said variable signal 100 
and a predetermined value is amplified by 
means of a chopper amplifier, wherein there 
are provided means responsive to the output 
signal level from said chopper amplifier in 
operation to supply a chopping signal for 105 
said chopper amplifier only so long as said 
output signal level does not change by more 
than a predetermined amount in a predeter-
mined time. 

2. An electric circuit in accordance with 110 
Claim 1 wherein the output signal from said 
chopper amplifier is rectified, smoothed and 
periodically sampled, the sampled value being 
stored in the form of a voltage level across 
a storage capacitor, and the smoothed recti- 115 
fied output signal is compared continuously 
with the sampled value. 

3. An electric circuit in accordance with 
Claim 2 wherein the predetermined time is 
the interval between successive samples. 120 

4. An electric circuit that is responsive to 
the rate of change of value of a variable 
electric input signal applied thereto com-
prising means including a chopper amplifier 
to derive a variable voltage signal the value 125 
of which is dependent upon the value of 
said input signal, sampling means periodically 
to apply said variable voltage signal to a 
storage capacitor, means to superimpose a 
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rectangular waveform signal on the said 
storage capacitor voltage, and comparison 
means to compare the superimposed signals 
with the said variable voltage input and to 

5 produce a rectangular wave output signal in 
response to the rectangular wave component 
of said superimposed signals only so long as 
the voltage excursions of said rectangular 
wave component give rise to polarity changes 

10 in the resultant of the comparison, the circuit 
being arranged such that said rectangular 
wave output signal ceases to be produced 
at some point in a sampling period if the 
average rate of change of value of said 

15 variable input signal during that period ex-
ceeds a predetermined level, whereby an 
indication may be given or a control effected. 

5. An electric circuit in accordance with 
Claim 4 wherein the means to derive a 

20 variable voltage signal comprise said 
chopper amplifier, to which is applied as an 
input the difference between said variable 
input signal and a predetermined value, and 
rectifying and smoothing means to which the 

25 output of said chopper amplifier is applied 
to derive said variable voltage signal. 

6. An electric circuit in accordance with 
Claim 4 or Claim 5 wherein the output signal 
from said comparison means is applied as 
the chopping signal for said chopper ampli- 30 
fier, so that said chopper amplifier sub-
stantially ceases to provide a rectangular 
wave output signal if the variable input signal 
becomes equal to said predetermined value 
or if the rate of change of said variable input 35 
signal exceeds said predetermined level. 

7. An electric circuit in accordance with 
Claim 4 or Claim 5 wherein the output 
signals from said comparison circuit and 
said chopper amplifier are applied to re- 40 
spective inputs of a demodulator which is 
arranged to produce an output signal only 
when the rectangular wave signals are present 
at both inputs thereof. 

8. An electric circuit substantially as here- 45 
inbefore described with reference to the 
drawings accompanying the provisional 
specification. 

For the Applicants, 
J . D. DOLWIN, 

Chartered Patent Agent. 

(9410) Printed in Scotland by Her Majesty's Stationery Office 
at HMSO Press, Edinburgh, 1972. 

Published by The Patent Office, 25 Southampton Buildings, London, WC2A 1AY, 
from which copies may be obtained. 
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