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(54) IMPROVEMENTS IN OR RELATING TO MONITORING 
SYSTEMS 

(71) We, UNITED K I N G D O M 
ENERGY AUTHORITY, London, a British 
Authority, do hereby declare the invention, for 
which we pray that a patent may be granted 

5 to us, and the method by which it is to be per-
formed, to be particularly described in and by 
the following statement: — 

This invention relates to monitoring 
systems. 

10 According to the present invention a moni-
toring system is characterised in that means 
are provided for feeding quantities to be 
monitored to manifolds arranged in the 
system so as to group the quantities into 

15 "overlapping fractions," for monitoring the 
grouped quantities to obtain values of a 
property of the grouped quantities and for 
analysing the values obtained from the 
monitoring means to indicate the feeding of 

20 abnormal quantities to the system. 
The quantities may be liquid or gaseous 

samples or electrical signals. The term " over-
lapping fractions" may be defined by illus-
tration in the form of examples in which the 

25 fractions are halves. In the case of eight 
samples: 

Samples 1—4 are grouped in Monitor Al 
Samples 5—8 are grouped in Monitor A2 
Samples 1—2 and 5—6 are grouped in 

30 Monitor B1 
Samples 3—4 and 7—8 are grouped in 

Monitor B2 
Samples 1, 3, 5, 7, are grouped in Monitor 

CI 
35 Samples 2, 4, 6, 8, are grouped in Monitor 

C2 
Each monitor groups four samples (ie half 
the total) and each sample feeds three mani-
folds. This could be referred to as the " 3-

40 dimensional case based on halving." 
In the case of 256 samples: 
Samples 1—128 are grouped in Monitor 

Al 
Samples 129—256 are grouped in Monitor 

45 A2 
Samples 1—64 and 129—192 are grouped 

in Monitor B1 
[Price 2Sp] 

Samples 65—128 and 193—256 are 
grouped in Monitor B2 

Samples 1—32: 65—96: 129—160 & 50 
193—224 are grouped in Monitor CI 

Samples 33—64: 97—128: 161—192 & 
225—256 are grouped in Monitor C2 

etc., etc., until 
Samples 1, 3, 5, 7 etc. are grouped in 55 

Monitor HI 
Samples 2., 4, 6, 8 etc. are grouped in 

Monitor H2 
Each monitor groups 128 samples (i.e. half 
the total) and each sample feeds eight mani- 60 
folds. This could be referred to as the " eight 
dimensional case based on halving." 

The invention has one application to the 
monitoring of radio-activity in samples of 
coolant discharging from fuel element channels 65 
in nuclear reactors, it being well known that 
should the protective sheath of a nuclear fuel 
element fail then the radio-activity in the 
coolant increases and by detecting such in-
creases in coolant samples the faulty elements 70 
can be located. This type of monitoring equip-
ment is referred to as " Burst Cartridge 
Detecting" (B.C.D.) equipment and the in-
vention may be illustrated in relation to 
B.C.D. equipment, the eight sample case again 75 
being considered, this time on the basis that 
a " normal" sample gives a back-ground 
signal of 300 units and an "over-active" 
sample gives a signal of 330 units. If, on this 
basis, Sample No. 1 is over-active then 80 
monitors Al, Bl, CI will each read 410 units 
and monitors A2, B2 and C2 will each read 
400 units. These readings can be used to 
generate three vectors in a three-dimensional 
system. The first vector is derived by taking 85 
the reading of monitor Al and subtracting the 
reading of monitor A2. The second vector is 
derived from the reading of Bl minus the 
reading of B2 and the third reading is CI 
minus C2. The three vectors are now added 90 
vectorially and analysed in respect of magni-
tude and direction and alarm conditions 
initiated (such as shutting-down the reactor) 
if the resultant vector both exceeds a certain 
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size and lies within a given solid angle (3-
dimensional). 

The above eight sample case may appear 
to have litde to commend it. The initial 

5 design of B.C.D. equipment (such as used on 
the Calder Reactors) was a compromise be-
tween continuous monitoring by providing one 
monitor connected permanently to each channel 
on the one hand and having a non-continuous 

10 monitor scanning over all channels on the 
other hand. The former was uneconomic and 
the latter introduced a dangerous time 
element, introduced the need for continuous 
monitoring of the mixed bulk of coolant from 

15 all channels, and introduced the possibility of 
failing to locate any short-lived escape of 
radioactivity. Later designs of B.C.D. equip-
ment (such as used on the WAGR reactor) 
used cross-matrix systems and typically 256 

20 channels were grouped in a sixteen by sixteen 
matrix with each " line " of sixteen connected 
to a monitor. This had the advantage of con-
tinuous monitoring with a few monitors (32 
monitors for 256 channels) and avoided the 

25 need for selector valves. Certain difficulties 
necessarily followed including the need to 
balance pressure drops very carefully to avoid 
sampling through the matrix other than by 
the direct paths and the loss of sensitivity that 

30 followed from any " over-active" sample 
being diluted with a large number of 
"normal" samples. The eight sample ex-
ample above, however, requires nearly as 
many detectors (six) as samples and each 

35 signal is "manifolded" with two others and 
is thereby diluted. (An elementary cross-
matrix of 3 x 3 would require no more 
detectors, the signal would not be more 
diluted in the manifolds and computation 

40 would be avoided whilst having a capacity for 
nine channels. A simple bulk sampling system 
would also appear to be preferable). Neverthe-
less, the following advantages arise from the 
invention: 

45 (i) With a random signal, deviations 
from normal can reach alarm level when no 
conditions for an alarm exist; or can cause 
the alarm to be set high with the result 
that safety measures have to be incorporated 

50 in known systems, for example, relating an 
alarm signal to a number of deviations 
within a certain time. With the present in-
vention which introduces an angular quantity 
as well as a magnitude quantity an 

55 additional element of discrimination and 
hence reliability is provided. 

(ii) All manifold systems suffer from the 
problems of signal dilution (known matrix 
systems can suffer also from the problem 

60 of cross-pollution) but in the present inven-
tion the dilution is not of the same degree 
(although it superficially appears so) as many 
manifolds combine to produce the ultimate 
vector quantity for analysis. The loss of 

65 signal that occurs by division of the sample 

into many manifolds is made good to a sub-
stantial extent, although, not fully by re-
combination of signals from plural mani-
folds. 

(iii) The loss of a detector does not leave 
certain samples devoid of monitoring neither 
does it seriously affect the accuracy of de-
tection. (In general, the loss of a detector 
in an n x n matrix causes ambiguity to 
spread over n channels), 
(iv) An error signal due to a detector 
failure (which can sometimes appear as a 
signal increased over normal) can be easily 
distinguished from an increased signal 
warranting alarm conditions as the error 
signal will possess quite different " direc-
tional " quantities when its vector is 
analysed. Thus the conventional "two-out-
of-three " system for protection against mis-
leading signals from faulty apparatus can 
be dispensed with. 

(v) Most of the advantages described 
above become enhanced at a cascading rate 
as the " dimensions" of the system in-
creases. The eight sample case is 3-dimen-
sional. The 256 sample case is 8-dimen-
sional. The 1024 sample case is 10-dimen-
sional and yet it only requires 20 detectors 
and many of these could be dispensed with 
if a slight decrease of sensitivity is accept-
able. 

(vi) Selector valves are avoided, this 
being of course, an advantage common with 
known matrix systems. 
Put in summary form in the context of 

B.C.D. equipment associated with a nuclear 
reactor, it can be said the advantages referred 
to above combine to give the opportunity of 
making B.C.D. equipment which has a higher 
sensitivity than hitherto, higher speed of 
operation, better discrimination, smaller 
numbers of detectors and a very low risk of 
causing false shut down of the reactor. 

These advantages are of particular value in 
the context of B.C.D. equipment for fast 
neutron reactors cooled by liquid metal. Speed 
of detection of faulty fuel elements can be 
very important in a fast reactor as there is 
always a possibility that failure of one element 
can propagate faults to adjacent elements. 
In some respects it could be said that the 
faster a B.C.D. system will work the greater 
the rating of the core can be for the same 
degree of safety. In the context of liquid metal 
as used for most proposed fast reactors, the 
pressure drops in the systems according to the 
invention are low and hence cavitation 
problems in pumps are reduced with the flows 
that large bore manifolds can provide. 

The drawing accompanying the provisional 
specification illustrates flows in a 16-sample 
B.C.D. system. 

A nuclear reactor 10 has sixteen sample 
outlets 11—1: 11—2: 11—3 etc. to 11—16. 
The first eight of these outlets discharge one 



3 1 ,354 ,322 
2 

quarter of their mass flows into a manifold 
12—Al. The remaining eight discharge one 
quarter of their mass flows into a manifold 
12—A2. Other connections between samples 

5 on manifolds are indicated. It is observed that 
each manifold accepts eight samples and that 
each sample divides itself into four manifolds. 
Sample 11—1 for example discharges one 
quarter into manifold 12—Al: one quarter 

10 in 12—BI: one quarter in 12—CI and one 
quarter in 12—Dl. 

Each manifold has an associated monitor 
13—Al: 13—A2: 13—BI etc. etc. and the 
monitors exhaust into a ring manifold 14. 

15 Electrical output from the monitors are 
indicated by arrows marked 15—Al: 15— 
A2: 13—A3 etc. 

The electrical outputs are fed to analogue 
or digital elements which are programmed to 

20 operate on the outputs as follows: 

(a) Sum all outputs to provide a bulk signal. 
(b) Derive a first dimension vector by sub-

tracting 15—A2 from 15—Al. 
(c) Derive a second dimension vector by sub-

25 tracting 15—B2 from 15—BI. 
(d) Derive a third dimension vector by sub-

tracting 15—C2 from 15—CI. 
(e) Derive a fourth dimension vector by sub-

tracting 15—D2 from 15—Dl. 
30 (f) Vectorially add the vectors derived from 

(b) to (e) to produce a resultant vector, 
(g) Analyse the resultant vector in respect of 

magnitude and " 4-dimensional solid 
angle." 

35 (h) If a certain magnitude is exceeded in the 
resultant vector and the resultant vector 
lies with a specified angle then cause an 
alarm to operate (such as would initiate a 
reactor shut down). 

In such a system the effect of a monitor 
fault will be to cause the resultant vector to 
behave in a very distinctive manner and a 
warning signal under the classification of 
"monitor failure" can be generated. If it is 

45 a monitor 13—Al which has failed then both 
that monitor and 13—A2 can be removed. 
The system now behaves as a 3-dimensional 
system. The main penalty of this is not 
severe, namely, " over-active" samples can 

50 now only b? identified to a pair of outlets 11 
instead of to single outlets. 

Alternatively in an eight-dimensional system 
in which the vectors are the eight outputs, the 
eight signals could be interpreted as an eight-

55 dimensional vector, with certain advantages in 
discrimination between a true and false signal. 

Further considering the effect of removing 
monitors 13—A2: 13—B2: 13—C2 and 13— 
D2 (i.e. all the " suffix-2 " monitors) it is 

60 still possible to identify " over-active " samples 
in any outlet 11 except outlet 11—16 which 
is wholly dependent on suffix-2 monitors. 

If detectors are indepenednt so they fail 
independently failure can be assumed if a 

detector reading does not correspond (within 65 
a certain margin) to readings in one half which 
is not reading high, that is, contains back-
ground, or that half which contains background 
plus noise. Identifying failures in detectors 
allows location provided both detectors in a 70 
pair do not fail. 

Sensitivity is increased by using a large 
number of detectors because the reactor can 
be partitioned so that a burst signal is 
obscured by a relatively small part of the 75 
whole reactor background (e.g. one detector 
per channel gives greater sensitivity than a 
smaller number arranged in a two dimen-
sional matrix). On the other hand there are 
disadvantages in using too many detectors. 80 
For sodium cooled reactors the important dis-
advantage is that sample transit time is in-
creased because circuit pressure drops limit 
flow due to cavitation time. Therefore there 
is an optimum number of detectors for any 85 
reactor design. This is illustrated for a sodium 
cooled reactor as follows: 

The formula M=DN 1 / r > gives the number 
of detectors M required for a reactor with N 
channels. D is an integer between 1 and log2 
N. 

This relation is based on the notion of a 
sampling array of dimension D. It would have 
D "edges" with N1 /D detectors along each 
edge. For example putting D = 2 gives the ** 
WAGR square matrix, and for 256 channels, 
this would give 32 detectors. For D —1 we 
have the one detector per channel and for 
D = 8 , N=256 we have the binary array with 
16 detectors. 100 

These arrays will give sufficient informa-
tion to locate the burst. 

Total flow into the detectors is assumed 
to be limited to a specified maximum in the 
reactor sampling system. It is also realistic to 105 
assume for this case that the total number of 
particles detected is not increased or decreased 
by changing the number of detectors but is 
shared between different detectors. 

If B is the number of particles per second HO 
detected from the reactor background these 
are shared evenly among M detectors, giving 
a count of B /M in each, which is the back-
ground count in each detector. 

The connections in the arrays are such that H5 
only D detectors are connected to any one 
channel. Therefore if the extra count due to 
a fuel burst is S particles per second, then 
S/D will be the increment in each of these D 
detectors. 120 

Since the noise is the square root of the 
background the sensitivity of a single detector 
is (S/D)/v'B/M„ The best sensitivity will be 
obtained by summing the D detectors which 
receive the burst signal. That is 125 

Array sensitivity = (S/ \ /B) / (vT) /M 

The factor S/VHB is the sensitivity of a bulk 
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detector so >J M / D is the improvement factor 
of the D array. Since M changes with D it 
i s b e t t e r t o u s e V / M / D = A/N1 / I > . 

Statistical decision time is the time taken 
5. to accumulate a signal count equal to X 
- standard deviations of the background count. 

For a bulk sampler this is t ^ c x V B J / s 
seconds, and for an array statistical decision 
time is, 

10 T = t 1 v / D 7 M 

The total liquid flow from the reactor to 
the detectors is limited to some maximum 
value Q, because of heat dissipation and other 
problems. The flow to a single detector is 

15 Q / M and to reduce the transit time the pipe 
diameter is made as small as possible. Reduc-
ing the pipe diameter and keeping the mass 
flow constant increases the pressure drop along 
the pipe, and a limit is reached when cavita-

20 tion occurs in the pump. 
The longest transit time obtains for the 

case of one detector per channel. That is when 
M = N . Suppose the smallest cross section of 
the channel to avoid cavitation is Afl, and the 

25 pipe length is 1. Then the transmit .time for 
the worst case is 

t = l Q / A o N 

According to Darcy's formula the pressure 
drop in a pipe is proportional to velocity 

30 squared divided by diameter. In terms of 
mass flow this gives a pressure drop 

P=constant X(Q/M) 2 /D 5 

D=constant X(Q/M)2 ' ' ' 

Substituting this value of D into the transit 35 
time expression for a pipe of diameter D, 

Transit time T 2 = Q / D 2 X constant= const. 
XQ~ 1 / 5 XM"^ / 5 

=constant X Mri/r' since 
Q is constant 40 

Putting M = N evaluates the constant and 
gives 

T 2 = t 2 (M/N) 4 / 3 

By differentiating the array formula 
M = D N 1 / D , the minimum number of detectors 45 
for N channels is given for 

D =log e N 
when M = D N l o g e N 

The nearest integral value to this gives the 
smallest transit time. For 256 channels the 50 
nearest integral values of D are D = 8 , M = 1 6 
for the binary configuration or D = 4 , M—16. 
The second case turns out to be the same as 
the modified binary system. The theoretical 
minimum value of D is about D = 6 giving 55 
the non-integral value M=15.12 for the 
number of detectors. 

The optimum choice is that which 
minimizes the sum of the statistical decision • 
time and the transit time. 60 

T = T a + T 2 = t 1 V D 7 M + t 2 (M/N) 4 / 5 

I t is possible to differentiate this formula 
and find the optimum value of D. This gives 
a fairly complicated expression and it is easier 
to tabulate the variables for the few useable 65 
values of D. 

The following table is for N=256 . Since P is fixed by cavitation pressure, 

D 1 2 4 8 

D / M 0.0624 0.25 0 .5 0.707 

(M/N) 1.0 0.19 0.106 0.106 

Taking some typical figures for fast reactors, 
70 the background count is 1,000 c.p.s. and it is 

required to detect a minimum burst signal of 
1000 c.p.s. with a degree of certainty corre-
sponding to 7 standard deviations. 

This gives a statistical decision time 
75 t 1 = X v ' B / S = 7 v ' l , 0 0 0 / 1 0 0 = 2 seconds 

so T i = 2 D / M 

Similarly if the transit time estimated for 
a single detector per coolant channel system 
is t 2 = 5 seconds. 

T 2 = 5 ( M / N ) 4 / 5 80 

which gives the table 
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D 1 2 4 8 

T x 0.125 0.5 1.0 1.414 

To 5.000 0.85 0.503 0.503 

T 5.125 1.35 1.503 1.917 

The last table gives the square array as 
being slightly faster than the D = 4 system, 
and the most sensitive system is the slowest, 

5 If the burst signal is larger than the minimum, 
or if transit times are greater than stipulated 
the D—4 system will become faster than the 
square array, D = 2 . The D = 4 system would 
normally be preferred because of its re-

10 dundancy (4 detectors cover any burst) and 
its smaller number of detectors. 

Before choosing a system other constraints 
have to be taken into consideration. 

1. Spurious trip signals can only be dealt 
15 with properly if there are at least three 

detectors covering each channel. This 
means that preferably only systems from 
D = 3 onwards should be considered. 

2. The optimizing curve can be double 
20 valued, and realisable cases with almost 

equal values of T can be found. In this 
case they are D—2, D = 4 . 

3. For large values of N it is possible to 
find iterated array solutions which are 

25 generalisations of the simple array 
formula. In fact in this case the D = 4 
array is a modification of the D = 8 case. 
The practical importance of this observa-
tion is that the 4 dimensional array can 

30 be laid out simply in two dimensions, 
and can therefore be easily engineered. 

The array formula is a generalisation of the 
square matrix formula. A square matrix to 
sample N sources is formed by arranging the 

35 N sources in a square which will have an edge 
of 3 A / N . The two adjacent sides of the square 
are each fitted with V'N detectors, each 
detector intersecting a line of sources. There 
are therefor 2</N detectors, and each source is 

40 seen by two detectors. 
A cubical array can be formed using the 

same method. T h e N sources are arranged in 
a cube of edge */N. Detectors are fitted to 3 
intersecting edges of the cube each edge having 

45 N1 / s detectors, each detector intersecting a 
plane. A ferrite core store is a cubical array. 

Since it is only the connection pattern that 
is important in these arrays, there is no reason 
why they should not be laid out in any shape 

provided the connections are retained. For 50 
example the cubical array could be laid out 
in two dimensions. It should be possible to 
construct hypercube and higher order arrays 
in two and three dimensions. 

Generalising the array formulation to D 55 
dimensions the rules are: 

1. Form a cube of D dimensions with an 
edge of N1/D. 

2. Fit D intersecting edges with N v " 
detectors along each edge. 60 

This will give an array with M = D N 1 / B 

detectors. The properties of the array are 
1. It has D sets of detectors each set con-

taining D1/D detectors. 
2. Each source is connected to D detectors, 65 

one in each set. 
3. Each detector is connected to 

N j ' 1 sources. 

Provided these three connections laws are 
obeyed the array may be laid out in any form. 70 
For example the binary array is the highest 
order possible and it can be laid out in a two 
dimensional tree. 

The array formula is therefore 

M=DN 1 / B 75 

Whilst the invention has been described 
above principally in relation to its uses with 
B.C.D. systems and fluid sampling in fast 
and other reactors it is envisaged that the in-
vention can also be applied in other fields, 80 
such as aircraft location from fixed radar 
aerials and alarm analysis, using quantities 
other than fluid samples as the quantities to 
be monitored. Thus, in arrangements such as 
that shown in the drawing in which the mani- 85 
folds bring together mass flows of samples, it 
is forseen that in some applications the mani-
folds could be electrical, that is each sample 
would give rise to an electrical signal as it 
passed through its nominated manifolds and 90 
the electrical signals would be aggregated to 
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give a manifold output. It would be possible 
to achieve some economy of pipe work 
associated with outlets 11 and at the same 
time produce a better signal. For example, if 

5 the positions of the manifolds were inverted 
(i.e. manifold 12—D2 was nearest the reactor 
10 and manifold 12—Al was furthest from 
the reactor 10) then outlets 11—1 and 11—2 
could be combined after passing manifold 

10 12—Dl and outlets 11—3 and. 11—4 would 
be combined with 11—1 and 11—2 after 
passing manifold 12—CI and outlets 11—1 
to 11—8 could be combined before manifold 
12—Al is reached. 

15 Similarly, in a proposed alarm arrangement 
a large number of points can be electrically 
monitored and treated as samples which can 
be grouped in electrical manifolds. Typically 
an installation (such as a power station) which 

20 could give rise to a large number of electrical 
alarm monitoring signals Has these signals fed 
to adding amplifiers (which are the electrical 
manifolds) which group the samples into over-
lapping fractions. The alarm monitoring 

25 signals will be cf one vector direction and 
magnitude if the plant they monitor is func-
tioning correctly and of ia different vector 
direction and magnitude (such as zero) if 
the plant is not functioning correctly. By 

30 analysis of the behaviour of all the amplifiers 
monitoring signals from incorrectly function-
ing plant can be identified by identifying the 
regions in vector space which correspond to 
specified accidents. 

35 Further, in the field of aircraft location it 
is proposed thlat fixed aerials should have 
varying "lobe" patterns which provide the 
"overlapping fractions" of the invention. For 
example, with overlapping halves two lobes 

40 would be very broad and each cover 50% 
of the sky: four lobes would foe narrower 
and each cover 25% of the sky with the out-
put of the first and third pult in one "mani-
fold" and the output of the second and fourth 

45 put into another manifold. The lobes would 
progress in number as they diminished in 
angle, those going to form one manifold 
always aggregating to cover 50% of the sky. 

It is also proposed that electrical arrange-
50 ments could have fluidic analogues, that is, 

electrical switching and amplification could 
be substituted by fluidic switching and 
amplification. 

As arrangements Sn accordance with the 
55 invention rely on overlapping signals an ele-

ment of probability of error arises, especially 
against the background (or noise) olf other 
signals. The probability of error will inherently 
be larger the more precisely the location of a 

60 fault has to be identified1. Thus, in the example 
described with reference to the drawing it 
could be said with a high degree of confidence 
that an alarm condition exists somewhere in 
any group of four sample outlets (say outlets 

fi5 11—1, 2, 3 and 4) but with less confidence 

thlat it is, in fact, outlet 11—2 which carries 
the alarm condition. To increase tire confidence 
in identifying a particular outlet carrying an 
alarm condition, it is proposed that a switch-
ing system should be introduced which tem- 70 
poranly "concentrates" the analysis in a group 
of outlets showing an .alarm condition at the 
expense of "diluting" the analysis in the 
remaining outlets. Thus, again referring to 
the drawing it is proposed, in one form of 75 
the 'invention, to concentrate by switching 
groups of four channels carrying an alarm 
condition into four of the eight manifolds 
and dilute the remaining twelve channels into 
the remaining four manifolds. 80 

Whilst the disclosure so far has referred 
mainly to "halved" overlapping fractions some 
unique advantages arise from overlapping 
quarters where the overall system is an even 
numbered dimensional case, such as six, eight, 85 
ten etc. — dimensional. 

These advantages are: 
1. Sensitivity is doubled. 
2. The advantages of binary addressing are 

retained. 90 
3. No more detectors are required, this being 

about the smallest number of detectors 
that can be used to locate a burst (see the 
derivation on page 12). 

To construct a system based on quartering 95 
the division based on halves as already des-
cribed is carried out. This gives a set, each 
member of which is a pair of detectors which 
show which of the overlapping halves a burst 
is located in. The modifications may be car- 100 
ried out on any two pairs but it is convenient 
to choose adjacent pairs. 

For example suppose one pair is designated 
D3 (XXXIXX), D / (XXXOXX) and the 
other D4 (XXIXXX), D / (XXOXXX). The 105 
first pair determines which of two non-over-
lapping halves the burst is located in accord-
ing to whether D3 or D / increases its read-
ing. The second pair similarly locates in two 
halves which do not overlap each other but 110 
overlap the other two halves. Hence it is 
possible to deduce which quarter of the reactor 
the burst lies in. Further these quarters may 
be designated (XXIIXX), (XXIOXX), 
(XXOIXX), (XXGOXX). 115 

The modification is to choose all those 
source channels which are connected to D3 
(XXXIXX), -and to D4 (XXIXXX) and con-
nect these to a detector D, (XXIIXX). This 
set of source channels is one quarter of the 120 
source channels in the reactor. There are four 
possible methods of making such a connec-
tion, which are the ways of combining one 
detector in a pair with a detector in another 
pair eg (D3.D4), (D„.D/), (D/.D4), (D/.D, ' ) . 125 

The result of this modification is that in 
place of pairs of detectors covering halves 
there are now quadruples covering quarters. 
When a burst occurs it will send a signal to 
one quarter of the detectors', and each detector 130 
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fixes two digits in the binary address. 
Any detector which receives a signial from 

a burst will receive a diluting flow containing 
background noise from one quarter of all 

5 the sources in the reactor. The detectors in 
an unmodified binary system receive diluting 
flow from one half of all sources in the 
reactor. It follows that the modified system 
has a signal to noise ratio or a sensitivity 

10 twice as good as an unmodified system. These 
results may be deduced from die equations 
given in the optimising argument. 

The modified system would generally be 
preferred to a binary system so long as at 

15 least three detectors are connected to each 
channel. If less than three detectors are con-
nected to each channel it may not be possible 
to deal with detector failures in a simple way. 

The advantages can be explained with 
20 reference to the optimising equations, where 

it is shown that a minimum is obtained for 
D'=loge N. But since e=2,73 is not a whole 
number the neiarest whole number 3 would 
be chosen to give the attainable minimum 

25 but the whole number 2 is preferred because 
it gives the convenience of a binary system 
which can be more simply engineered. The 
modification procedure shows that no more 
detectors are required for the modified system 

30 and the convenience of binary addressing is 
retained. 

WHAT WE CLAIM IS: — 
1. A monitoring system having means for 

feeding quantities to be monitored to m'ani-
35 folds arranged in the system so as to group 

the quantities into overlapping fractions, 
means for monitoring the grouped quantities 

to obtain values of a property of the grouped 
quantities and means for analysing the values 
obtained from the monitoring means to indi- 40 
cate the feeding of abnormal quantities to the 
system. 

2. A monitoring system according to claim 
1 wherein the quantities to be monitored are 
fluid samples. 45 

3. A monitoring system according to claim 
1 wherein the quantities to be monitored are 
electrical signals. 

4. A monitoring system according to any 
preceding claim wherein the overlapping 50 
fractions are halves. 

5. A monitoring system according to any 
of the preceding claims 1 to 3 wherein the 
overlapping fractions are quarters. 

6. A monitoring system according to claim 55 
2 wherein the samples are of coolant from 
a nuclear reactor. 

7. A monitoring system according to claim 
3 for aircraft location. 

8. A monitoring system according to claim 60 
7 wherein fixed radar aerials have varying 
lobe patterns which provide the overlapping 
fractions. 

9. A monitoring system according to claim 
1 including a switching system for varying 65 
the grouping of quantities to be monitored. 

10. A monitoring system substantially as 
hereinbefore described! with reference to the 
drawing accompanying the provisional 
specification. 70 

J. Y. LE MASURIER, 
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