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ode array 14 between, measuring 
along lines in directions x and y 
respectively. The density of the 
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array 10, decreases in opposite di-
rections. The circuit 20 determines 
the ratio of the output of one group 
to the sum of the group outputs. In 
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ides, the ends of which adjacent the 
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four groups of which each termi-
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SPECIFICATION 

Position-sensitive radiation detector 

5 In this specification, the term "radiat ion" is 
used in a wide sense meaning either electro-
magnetic radiation, for example at X-ray or 
visible wavelengths, or particles such as me-
sons or protons. 

10 One example of a known type of position-
sensitive radiation detector is a multi-wire pro-
portional chamber (MWPC). Methods of deri-
vation of position information from multi-wire 
proportional chambers can be considered to 

15 form three groups. In the first group the 
avalanche position, in one dimension is de-
rived from the two signals developed at the 
ends of a uniform resistive or inductive line. 
The line may be distributed uniformly along 

20 the ends of the cathode wires, or anode wires, 
or may itself form one of the electrodes. Only 
two signal processing channels are required 
and good linearity can be achieved; the opera-
tion or fabrication of the line, however, gener-

25 ally presents certain constraints. 
The second group of methods derives the 

avalanche position by computing the centroid 
of the induced charge distribution on the 
cathode. This is accomplished by dividing the 

30 cathode into a sufficiently large number of 
uniform strips and measuring the induced 
charge on each. Both analogue and digital 
computations of the centroid have been used. 
The 'centroid' methods are inherently linear 

35 and can achieve very high resolution but the 
total signal processing systems are consider-
ably more complex and generally slower than 
those of the 'line' methods. 

A third group of methods exist which, al-
4 0 though similar to the second group in that no 

resistive or inductive line is employed, are 
considerably simpler since only two signal 
processing channels are used. These 'progres-
sive geometry' methods obtain positional in-

. 45 formation by noting the fraction of charge 
induced on each of two specially shaped com-
ponents of a divided cathode; such cathodes 
may be difficult to manufacture. 

In another approach, in the medical field, 
50 an Anger camera is used to sense the scintilla-

tions from a scintillator; a large number of 
photomultipliers (up to 90) may be needed to 
provide an adequate record, which is cumber-
some. 

55 According to the invention, apparatus for 
sensing the position of received radiation com-
prises a multiplicity of discrete sensors which 
are influenced by the radiation, the sensors 
being spaced in at least one sensing direction 

60 and being connected so as to form at .least 
two groups, the density of sensors in each 
group (that is, the number of sensors per unit 
distance) varying along said direction, the 
variation being different for each group, each 

65 group extending along substantially the whole 

of said direction, and the spacing of the 
sensors and the arrangement of groups being 
such that the received radiation affects at least 
one sensor in each group; means for summing 

70 the influence of the radiation on each group 
of sensors; and means for determining the 
ratio of the influence on one group* of sensors 
to the total influence on all of the sensors. 

In one embodiment the sensors are equis-
75 paced in a linear array and are connected in 

two groups, the density of one group increas-
ing and the density of the other group de-
creasing along the array. The increase and 
decrease may be linear or non-linear. Each 

80 sensor may be, for example, one wire of a 
multi-wire cathode is a multi-wire proportional 
chamber; as is conventional in such cham-
bers, the received radiation does not influence 
the wires directly; each discrete radiation 

85 event generates an electron avalanche at the 
anode, and it is the presence of the avalanche 
which influences several of the wires by in-
duction of a charge on each wire. 

In another embodiment the sensors are 
90 equispaced in two orthogonal directions to 

form a two-dimensional array and are con-
nected in four groups, the density of a first 
group increasing in the first and the second 
orthogonal directions, the density of a second 

95 group increasing in the first and decreasing in 
the second orthogonal direction, the density 
of a third group decreasing in the first and 
increasing in the second orthogonal direction 
and the density of a fourth group decreasing 

100 in both orthogonal directions. Each sensor 
may be, for example, the end of a light guide 
such as a fibre optic which can receive either 
discrete optical events or continuous optical 
radiaton; the so-called sensors in this case 

105 merely transfer the light to a conventional 
light intensity sensitive device. 

Also according to the invention, a method 
of sensing the position of radiation comprises 
providing a multiplicity of discrete sensors 

110 which are influenced by the radiation, the 
sensors being spaced in at least one sensing 
direction and being connected so as to form 
at least two groups, the density of sensors in 
each group varying along said direction, the 

115 variation being different for each group, each 
group extending along substantially the whole 
of said direction and the spacing of the sen-
sors and the arrangement of groups being 
such that the received radiation affects at least 

120 one sensor in each group; summing the influ-
ence of the radiation on each group of sen-
sors, and determining the ratio of the influ-
ence on one group of sensos to the total 
influence on all of the sensors. 

1 25 In any arrangement, the invention may be 
used to provide the position in one or two 
dimensions of a single radiation event, such 
as the position of an X-ray event; or the 
position of a multiplicity of events may be 

1 30 determined and combined to provide a two-
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dimensional picture, such as an image of an 
organ of the human body after dosage with a 
suitable radioactive source. 

The invention will now be described by way 
5 of example with reference to the accompany-

ing drawings in wh i ch :— 
Figure 1 indicates schematically the princi-

ple of the present invention, applied in one 
dimension to a cathode of a multi-wire propor-

10 tional counter; 
Figure 2 indicates schematically a MWPC; 
Figure 3 indicates the principle of the pre-

sent invention applied in two dimensions; and 
Figure 4 shows a two-dimensional applica-

15 tion in an Anger camera. 
Fig. 1 illustrates fourteen wires of a cathode 

of a multiwire proportional counter. The wires 
are straight, parallel and connected as two 
groups to terminals A and B. 

20 If an axial or sensing direction along which 
position is to be sensed is indicated by the 
arrow x, then the connections of wires into 
each group can be such that the linear density 
(number per unit distance) of each group 

25 varies in a specific way with position across 
the cathode. This will be referred to as the 
principle of "graded density". For example 
the increase may be linear, i.e. it can be 
arranged that z>B, the linear density of group 

30 B, increases approximately linearly with posi-
tion x across the cathode (perpendicular to the 
wire direction) and, necessarily, the density of 
group A decreases approximately linearly. 
That is 

35 
v f * N { i + a(x) - i } 

40 In these expressions N is the total number of 
wires in the cathode and the constant a 
defines the rate at which the density of each 
group varies. Clearly vh + vB = N = constant. 
For convenience distances wil l be normalised 

45 to the total cathode width. The situation is 
illustrated only schematically in Fig. 1. It 
should be noted that the pitch remains con-
stant across the cathode and hence, provided 
that the two groups are connected to virtual 

50 earths then this graded density cathode is 
geometrically and electrostatically identical to 
a normal wire cathode. 

Now suppose that a chamber avalanche 
occurs, inducing on the cathode a charge with 

55 centroid position x. Then, provided that the 
cathode.pitch is small compared with the 
width of the induced charge distribution, and 
also that this width is small compared with 
the total cathode width, the fraction of in-

.60 duced charge on each group will be propor-
tional to the local linear density of that group. 
Thus if the actual induced charges are qA and 
qB then 

65 

Q = • 

70 

. qB 
qA + qB 

ax + £(1-a) 

Thus the quantity Q will be an approximately 
linear function of the position of the induced 
charge centroid, independent of the charge 
magnitude, and therefore suitable as a posi-

75 tion signal. The positional sensitivity S of the 
system is given by 

dQ 
— — a 

80 dx 

If a = 1 then Q = x and S = 1. 
From linearity considerations only, an ideal 

graded-density cathode would have an infini-
85 tesimally small pitch with linear grading of the 

density of each group of wires. With a finite 
and constant pitch, exact linear grading is not 
possible and an approximation must be em-
ployed. This approximation leads to some lo-

90 cal non-linearity. 
An application of the principle of graded 

density will now be described. The principle is 
applied in one dimension to each of two 
groups of wires which are arranged orthogo-

95 nally. Fig. 2 illustrates a multi-wire propor-
tional counter comprising two cathode arrays 
10, 12, with an anode array 14 between 
them. Each array consists of a multiplicity of 
equispaced conducting wires. The cathode ar-

100 rays are connected to virtual earths and the 
anode array is connected to a d.c. source 
which maintains it at a high positive voltage 
which respect to the cathodes. The wires in 
cathode array 10 lie perpendicular to the x 

105 axis and the position along that axis is sensed, 
while the wires in the other array lie parallel 
to the x axis and position along the orthogonal 
/ ax i s is sensed. As in a conventional MWPC 
the cathode and anode arrays are enclosed in 

1 1 0 a gas tight container 15 to which a conven- • 
tional converting gas is supplied. 

In contrast to a conventional MWPC, the 
cathode planes are not connected to a resis-
tive or inductive delay line, but are each 

115 connected in two groups; cathode array 10 
forms group A and B which are connected to 
respective charge-sensitive pre-amplifiers. 
16A, 16B which in turn supply input signals 
to a sum-and-ratio circuit 18. The wires in 

120 cathode array 12 are connected in two groups 
C and D through respective pre-amplifiers to a 
sum-and-ratio circuit 20. 

In use, an ionising particle enters the sens-
ing system and is converted in the gas in the 

125 usual way to cause an anode avalanche which 
induces positive charge on several wires in 
each cathode array. The charge received by 
wires in each group is amplified and supplied 
to the respective sum-and ratio circuit. As 

130 explained with reference to Fig. 1, calculation 
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OF 9B/(QA + PB) gives a signal proportional to 
the position of the avalanche in the x direc-
tion, and a similar ratio gives the position in 
the y direction. Thus the one-dimensional 

5 principle of graded density is applied twice to 
give a two-dimensional position signal. 

While the illustrations show only fourteen 
wires, in practice many more wires wil l be 
used so that a good approximation to linear 

10 density grading can be achieved. Perfect lin-
ear density is only reached with infinitely 
small pitch, therefore to meet the restraint of 
a constant pitch, some approximation in the 
connections to each group is required. With 

15 constant pitch, a = 1 a n d : — 

eA = N(1 - x ) and va = N„ 

The procedure employed to achieve this ap-
2 0 proximation was to calculate provisional wire 

positions xA ', xB' for the two groups from the 
expressions 

2 5 x A ' = 1 - V 1 - 2 n B / N and xB' = v /2n b /N 

where nA, nB are the total number of wires of 
each group lying between 0 and xA ', xB ', 
respectively. The integers nA, nB clearly have 

30 values 1 to N / 2 . The wires in the actual 
constant pitch cathode were then connected 
such that the wires nearest to the positions xA' 
were A wires and those nearest to the position 
xB' were B wires. Table I gives the group, A or 

35 B, each wire in a 190 wire cathode. 

Table I 

Wire No. Group Wire No. Group 
1 A 33 A 

4 0 2 A 34 B 
3 A 35 A 
4 A 36 A 
5 A 37 A 
6 A 38 A 

4 5 7 A 39 B 
8 A 4 0 A 
9 A 41 A 

10 A 42 A 
11 A 43 A 

5 0 12 A 4 4 B 
13 A 4 5 , A 
14 A 46 A 
15 A 47 A 
16 A 48 B 

55 17 A 49 A 
18 A 50 A 
19 A 51 A 
2 0 B 52 B 
21 A 53 A 

60 22 A 54 A 
23 A 55 A 
2 4 A 56 B 
25 A 57 A 
26 A 58 A 

65 27 A 59 B 
28 B 60 A 
29 A 61 A 
30 A 62 B 
31 A B 63 A 

70 32 A 64 A 
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Table I (Cont'd) 

Wire No. Group Wire No. Group 
133 B 162 B 

5 134 B 163 A 45 
135 A 164 B 
136 B 165 B 
137 B 166 B 
138 B 167 B 

10 139 A 168 B 50 
140 B 169 B 
141 B 170 B 
142 B 171 A 
143 A 172 B 

15 144 B 173 B 55 
145 B 174 B 

s 

146 B 175 B 
147 A 176 B 
148 B 177 B 

20 149 B 178 B 60 
150 B 179 B 
151 B 180 B 
152 A 181 B 
153 B 182 B 

25 154 B 183 B 65 
155 B 184 B 
156 B 185 B 
157 A 186 B 
158 B 187 B 

30 159 B 188 B 70 
160 B 189 B 
161 B 190 B 

Typical dimensions of the 190 wire cathode 
35 are pitch 0.5 millimetres, giving 9.5 centim- 75 

etres transverse to the wires, by 9 centimetres 
parallel to the wires, wire diameter 25 micro-
metres. Two such cathodes may be used with 
a 9 X 9 centimetre anode having 15 micro-
metre wires at 2 millimetre spacing, a cathode 80 
to anode spacing of between 4 and 8 milli-
metres and a drift region of depth 12 milli-
metres. 

A lower limit to cathode pitch is set by 
inter-component capacitance C, which influ- 85 
ences the equivalent noise charge Aq in each 
channel and also slightly affects the system 
sensitivity S; if the dynamic input capacitance 
to each amplifier 16 is Cin, t hen :— 

90 
Cin 

S = 
[C ,n+20 ] 

Since resolution 95-

Aq 
Ax = — 

S 
100 

it is clearly important that Cin should be large 
compared with C. For a cathode having the 
dimensions given above, C = 66pF. 

The two most important factors in determin-
ing the non-linearity contribution from a 105 
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ing the non-linearity contribution from a 
graded density cathode are cathode pitch and 
anode-cathode spacing h. A cathode having 
the dimensions described above was used 

5 experimentally with a beam of X-rays of en-
ergy 1.5 keV and width 50 micrometres to 
investigate non-linearity. As expected, an in-
crease in anode-cathode spacing and a de-
crease in pitch both cause striking decreases 

10 in the non-linearity of the device. With h— 6 
millimetres. Table II shows experimental va-
lues of root mean square non-linearity as a 
percentage of cathode width. 

15 Table II 

cathode position qa = 0 .25 pC 1.5 pC 
above anode 0.36 0 .30 
below anode 0.35 0.33 

A minimum resolution of 150 micrometres 
was achieved, but it is believed that limita-
tions were imposed by items of the experi-

25 mental apparatus other than the graded den-
sity cathode. Theoretically an intrinsic non-
linearity of less than 0.25% is expected. 

It wil l be clear from Table I that towards the 
outer edges of each cathode in the respective 

30 orthogonal directions there are large concen-
trations of wires all in the same group. Posi-
tion within such a group cannot be deter-
mined; the cathodes can only provide position 
information provided at least one wire in each 

35 group is influenced. 
It is a great advantage of the present inven-

tion that it is essentially identical in structure 
to a conventional wire cathode, so that elec-
trons, e.g. from an X-ray photon absorption, 

40 can be drifted through the cathode from a 
drift and diffusion region so that sharing be-
tween anode wires can effect a degree of 
interpolation and so that a high detection 
efficiency can be achieved. 

. 45 The invention has been described with ref-
erence to multi-wire cathodes of constant 
pitch. One method of reducing local non-
linearities may be to vary the pitch. 

The invention has been described with ref-
50 erence to an array of parallel wires connected 

in two graded-density groups. It is also possi-
ble to connect the wires in three or more 
graded-density groups, although it is expected 
that two groups will be the most useful ar-

55 rangement. 
Fig. 2 illustrates two arrays, each density-

graded into two groups, with one orthogonal 
position sensed by each array. It is also possi-
ble to use several such arrays in series in one 

60 or both directions so that position is deter-
mined by which array senses a particle, in 
addition to the position of the particle within 
that array. This allows a detecting system of 
large dimensions to be provided. Such sub-

65 division has the advantage of reducing the 

capacitance seen by each pre-amplifier so that 
a better signal to noise ratio is obtainable. 
Under certain circumstances the inter-winding 
capacitance causes a non-linearity of perfor-

70 mance but this non-linearity can be cancelled, 
at least in part, by use of a density grading 
which is non-linear. 

In a further variation, density grading is 
used only over the central 80% of the cath-

75 ode width and conventional windings are used 
over the remainder. 

In yet another variation, the densities of a 
two-group constant pitch cathode are graded 
according to the (non-linear) equations: 

80 
Cx C qB 

vB and v A = and — — x, 
1 + x 1 + x qA 

85 and an appropriate signal processing circuit is 
provided. 

The invention is not limited in its applica-
tion to MWPC; in another application in which 
the position of electrical charge is sensed, the 

90 invention can be applied to channel plate' 
arrays. 

An important variation of the invention is 
illustrated in Fig. 3 which shows the ends of 
one hundred light guides arranged in a 

95 1 0 x 1 0 matrix reference 22. The guides are 
connected in four groups, P, Q, R and S; each 
group is graded so to increase or decrease in 
the two orthogonal directions x, y. For exam-
ple the density of group P decreases in the x 

100 direction and increases in the / directions. 
Suppose the array is arranged to receive radi-
ation, in this case light at visible wavelengths, 
from a source such as a scintillator, the light 
guide dimensions and spacings being such 

105 that light from one scintillation is received by 
several guides in each direction of the matrix. 
If the intensities of illumination received by 
guides in the four groups are representated by 
lp, Iq, Ir, 

110 
Iq+IS 

then - kx + C (4) 
Ip+ IQ+IR + 'S 

115 l Q + l P 

and - ky + C (5) 
lP + l Q + l R + l s 

where x, y are the position co-ordinates of the 
120 scintillations and k and C are constants. 

Application of such a matrix is illustrated in 
Fig. 4. A human patient 24, after treatment 
such as dosage by radio-iodine, is viewed 
through a conventional lead collimator 25 by 

125 an inorganic crystal scintillator 26 of conven-
tional form; the scintillator is viewed by a 
multiplicity of guides 28 with their ends ar-
ranged adjacent to the scintillator in the ma-
trix 22; the light guides transmit light from 

130 the scintillator to four photomultipliers 30, 



32, 34, 36 which each receive light from one 
group of guides; the photomultipliers sum the 
received light and their output signals pass to 
a sum and ratio circuit 38 which derives x 

5 and y position signals in accordance wi th 
equations (4) and (5) for each scintillation and 
supplies the signals to a storage CRT 4 0 or 
other suitable recording device so that a two-
dimensional picture of the patient is built up. 

10 The drastic reduction in the number of photo-
multipliers in comparison wi th a conventional 
Anger camera is clear. In another application, 
a gas scintillation proportional counter can 
provide photons which are sensed by a detec-

15 tor using graded density electrodes. 
The invention is not limited to the example 

given, but the principle of graded density can 
be applied in any situation in which a multi-
plicity of discrete sensors are arranged in a 

2 0 one or two-dimensional array. Radiation may 
be sensed directly, or induced or collected 
electrical charge can be sensed, after a con-
version process if necessary. It is expected 
that in most cases for two-dimensional sens-

25 ing of electric charge, two orthogonal linear 
arrays wi l l be used, while for direct radiation 
collection a two-dimensional array can be pro-
vided, but clearly the type of arrangement 
required depends on the type of sensor used. 

30 
CLAIMS 

1. Apparatus for sensing the position of 
received radiation comprising a multiplicity of 
discrete sensors which are influenced by the 

35 radiation, the sensors being spaced in at least 
one sensing direction and being connected so 
as to form at least two groups, the density of 
sensors in each group varying along said 
direction, the variation being different for each 

•40 group, each group extending along substan-
tially the whole of said direction, and the 
spacing of the sensors and the arrangement of 
groups being such that the received radiation 
affects at least one sensor in each group; 

4 5 means for summing the influence of the radia-
tion on each group of sensors; and means for 
determining the ratio of the influence on one 
group of sensors to the total influence on all 
of the sensors. 

5 0 2. Apparatus according to Claim 1 in 
which the sensors are equispaced in the linear 
array along the sensing direction and are 
connected in two groups, the density of one 
group increasing and the density of the other 

55 group decreasing along the array. 
3. Apparatus according to Claim 2 in 

which the density of one group increases 
linearly and the density of the other group 
decreases linearly along the array. 

6 0 4 . Apparatus according to any preceding 
claim in which each discrete sensor comprises 
one wire of a multiwire cathode in a multiwire 
proportional chamber. 

5. Apparatus according to Claim 1 in 
65 which the sensors are equispaced in two or-

thogonal directions to form a two-dimensional 
array and are connected in four groups, the 
density of a first group increasing in the first 
and the second orthogonal directions, the 

70 density of a second group increasing in the 
first and decreasing in the second orthogonal 
direction, the density of a third group decreas-
ing in the first and increasing in the second 
orthogonal direction, and the density of a 

75 fourth group decreasing in both orthogonal 
directions. 

6. Apparatus according to Claim 5 in 
which each sensor comprises one end of a 
light guide, the ends being arranged in an 

80 equispaced two dimensional array and the 
other end of each guide being arranged in 
one of said four groups, and there being 
further provided four conventional optical radi-
ation sensors arranged one adjacent each 

85 group of said other ends of the light guides. 
7. Apparatus for sensing the position of 

received radiation which is a multiwire propor-
tional chamber having first and second paral-
lel planar cathode arrays of parallel equis-

90 paced wires, the wires in one array being 
perpendicular to the wires in the other array, 
the wires in each cathode array being con-
nected so as to form two groups such that the 
density of wires in one group increases and 

95 the density of wires in the other group de-
creases along the array, each group extending 
over substantially the whole array and the 
arrangement of groups being such that re-
ceived radiation affects at least one wire in 

100 each group. 
a planar anode array of parallel equispaced 

wires between the two cathode arrays; 
a first sum and ratio circuit to which the 

groups of wires in the first cathode array are 
105 connected and a second sum and ratio circuit 

to which the groups of wires in the second 
cathode array are connected, the ratio circuits 
each providing a signal corresponding to the 
position in the corresponding cathode array at 

110 which radiation is received; 
means for applying a positive electrical po-

tential to the anode wires; and 
means for containing a converting gas 

around the cathode and anode arrays. 
115 8. Apparatus for sensing the position of 

received discrete optical radiation which is an 
Anger camera comprising a collimator; a scin-
tillator; a muliplicity of light guides arranged 
with their first ends adjacent the scintillator in 

120 a two-dimensional array and with their second 
ends arranged in four groups, such that the 
density of the first ends in each group varies 
in two orthogonal directions, the variations 
being different for each group, and the spac-

125 ing of the sensors and the arrangements of 
groups being such that each scintillation in 
the scintillator affects the end of at least one 
guide in each group; four photomulipliers ar-
ranged one adjacent each group of second 

130 ends of the fibres; and a sum and ratio circuit 
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to which the photomultipliers are connected 
and which provides a position signal indicat-
ing the position in the planar scintillator at 
which each scintillaton occurs. 

5 9. A method of sensing the position of 
received radiation comprising providing a mul-
tiplicity of discrete sensors which are influ-
enced by the radiation, the sensors being 
spaced in at least one sensing direction and 

10 being connected so as to form at least two 
groups, the density of sensors in each group, 
varying along said direction, the variation be-
ing different for each group, each group ex-
tending along substantially the whole of said 

15 direction, and the spacing of the sensors and 
the arrangement of groups being such that 
the received radiation affects at least one 
sensor in each group; summing the influence 
of the radiaton on each group of sensors; and 

20 determining the ratio of the influence on one 
group of sensors to the total influence on all 
of the sensors. 

10. Apparatus for sensing the position of 
received radiation comprising an array of sen-

25 sors arranged substantially as hereinbefore de-
scribed with reference either to Fig. 1 or to 
Fig. 3 of the accompanying drawings. 

11. A multiwire proportional counter sub-
stantially as hereinbefore described with refer-

30 ence to Fig. 2 of the accompanying drawings. 
12. An Anger camera substantially as 

hereinbefore described with reference to Fig. 
4 of the accompanying drawings. 
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