
PATENT SPECIFICATION (") 1593 992 

CS 
CO 
a* 
w 

(21) Application No. 26112/78 (22) Filed 31 May 1978 
(62) Divided out of No. 1 593 991 
(44) Complete Specification published 22 July 1981 
(51) INT CL3 G01T 1/202 
(52) Index at acceptance 

G1A A1 CI C3 D12 D3 G15 G1 G2 G7 R2 R7 RQ S10 SI 1 
S6 

C4S 311 66 Y 
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(54) RADIATION SENSORS 

(71) We, C O A L I N D U S T R Y 
(PATENTS) L IMITED, a company 
organised in accordance with the laws of 
Great Britain, of Hobart House, Grosvenor 

5 Place, London, S.W.1X 7 AE, England, do 
hereby declare the invention for which we 
pray 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 

10 following statement:— 
This invention relates to radiation sensors 

and particularly, though not exclusively to 
such sensors for use in an industrial 
environment such as a coal mine. 

15 One type of known radiation sensor 
employs a scintillation crystal to detect 
radiation. The crystal emits a scintillation 
i.e. a flash of visible light when struck by 
radiation such as gamma rays, each photon 

20 causing the emission of a flash. The 
scint i l lat ions are detected by a 
photomultiplier tube which in turn produces 
a variation in electrical output signal in 
response to the incident radiation. 

25 Unfortunately, for some industrial 
applications, this type of radiation sensor 
has hitherto been unusable because in order 
to be sufficient sensitive the scintillation 
crystal has been large and because of its size 

30 has been too fragile. 
Proposals have been made to use more 

than one sensor to detect the radiation but 
this too is inconvenient because the use of 
many sensors takes up too much space. 

35 An object of the present invention is to 
mitigate the above disadvantages by 
providing a sensor which is sensitive enough 
for industrial applications and yet which is 
robust and compact. 

40 Accordingly, the present invention 
provides a radiation sensor comprising at 
least two scintillation crystals, support 
means for supporting the at least two 
crystals and detector means for detecting 

45 scintillations caused in the crystals by 
radiation impinging thereon, the support 
means being transparent to electromagnetic 
energy within a frequency range including 

that of the scintillations and allowing the 
crystals to vibrate separately. 50 

Preferably, the support means comprises 
a resilient material. 

The resilient material is conveniently 
silicone rubber. 

The resilient material is cut away from the 55 
scintillation crystals along the path of 
incident radiation into the sensor. 

Advantageously, the crystals are coated 
with an optically opaque material on their 
faces away from the detector means or away 60 
from other crystals. 

The support means is advantageously 
included in a light tight container 
transparent to incident radiation. 

Preferably the light tight container is 65 
contained in a further container 
impermeable to the incident radiation, but 
having a window situated in the path of 
incident radiation. 

An embodiment of the present invention 70 
will now be described by way of example 
only with reference to accompanying 
drawings in which: 

Figure 1 is a diagrammatic side view of 
part of a radiation sensor including a crystal 75 
arrangement, 

Figure 2 is a further diagrammatic side 
view of part of the radiation sensor 
including a support means for the crystal 
arrangement of Figure 1, 80 

Figure 3 shows a diagrammatic partly 
sectioned plan view of the radiation sensor 
in a working environment with some detail 
omitted, and 

Figure 4 is a sectional view along IV—V 85 
of Figure 3 and showing more detail. 

A radiation sensor can find application in 
an industrial environment such as a coal 
mine wherein gamma rays emitted by 
materials are detected. Some of the gamma 90 
rays can be of low energy and in any case 
the intensity of the radiation is low. 
Consequently, it is necessary to employ a 
large scintillation crystal volume to detect 
the radiation. 95 

Referring now to Figure 1, there is 



2 1,593,992 2 

shown a crystal arrangement of sufficient 
volume to detect the weak radiation which 
exists in a coal mine. Two scintillation 
crystals are shown at 1 and 2 respectively. 

5 Each crystal is of a generally cylindrical 
shape and is dimensioned such that its 
diameter is of substantially the same 
magnitude as its length. Such a dimension of 
crystal offers a greater resistance to 

10 shattering than other dimensions of crystal 
for example wherein the diameter is greater 
than the length or wherein the length is 
greater than the diameter. 

The crystals 1 and 2 are coated with an 
15 optically opaque material 3. The opaque 

material 3 is only partly shown in the Figure 
1 for clarity but in fact it covers the curved 
faces of both crystals and the end face of 
crystal 1 away f rom crystal 2. 

20 A photomultiplier tube 4 is situated 
adjacent to the crystal 2 on the side away 
from the crystal 1. The photomultiplier tube 
is also covered by a further optically opaque 
material partly shown at 3'. The crystal 

25 arrangement described ensures that optical 
activity occurring in either of the crystals 1 
or 2 is visible to the photomultiplier tube 4, 
activity in crystal 1 being transmitted 
through crystal 2. External optical activity is 

30 cut off f rom the photomultiplier by the 
optically opaque material 3. 

Referring now to Figure 2, the crystal 
arrangement of Figure 1 is shown supported 
by a flexible optical coupling which is 

35 preferably a resilient silicone rubber 
c o m p o u n d 5. T h e c r y s t a l s and 
photomultiplier tube are again surrounded 
by the opaque materials 3 and 3' 
respectively, but this is omitted for clarity. 

40 The resilient silicone rubber compound 5 is 
cut-away over part of the crystals 1 and 2 
and cut-outs 7 and 8 are shown adjacent to 
crystals 1 and 2, respectively. The cut-outs 
are provided so that low energy gamma rays 

45 can reach the crystal and not be attenuated 
in the silicone rubber. 

Referring now to Figures 3 and 4, the 
crystal arrangement is shown in a sensor 
which is situated in an industrial environ-

50 ment. Like reference numerals to Figures 1 
and 2 are used for like parts. 

The crystal arrangement which may be in 
a light skeletal support 6, is potted in a 
container 10 which is light in weight, gamma 

55 transparent and optically opaque. The 
skeletal support retains the crystals and 
photomultiplier tube in alignment during 
potting in the container 10. The skeletal 
support 6 is positioned away from the cut-

60 outs 7 and 8. The container 10 is mounted in 
a container 11 which is substantially opaque 
to gamma radiation. Resilient pads 12 are 
inserted between the containers 10 and 11 to 
cushion the container 10 from vibration and 

65 shock received by the outer container 11. 

In Figure 4 the upper face of 14 of the 
sensor is shown. The face 14 is a window of 
a gamma transparent material preferably 
poly-carbonate which has a high strength to 
weight ratio. The size of the gamma 70 
transparent window is adjusted so that all 
the radiation collected by the shielding i.e. 
radiation coming to the crystals from within 
the solid angle subtended at the crystals by 
the window, is received. 75 

In Figure 3 a high tension supply 16 is 
shown connected to the photomultiplier 
tube 4. Electrical circuitry 17 comprising a 
counter is connected to the output of the 
photomultiplier tube. Further circuitry 80 
including a comparator 12 and a reference 
store 20 is connected to the output of the 
counting unit. 

A conveyor 21 (only partly shown in 
Figure 3) for transporting radioactive 85 
material 22 is shown passing over the 
radiat ion sensor. The. conveyor 21 
comprises support brackets 23 and 24 and 
rollers 25 and 26 mounted on the brackets 
23 and 24 respectively. A conveyor belt 27 90 
(or scraper chain arrangement) runs across 
the rollers 25 and 26. 

A shield 28 is mounted over the conveyor 
to shield the sensor f rom stray radiation 
arising other than in the material on the 95 
conveyor. 

In operation of the sensor radiation, 
comprising typically low energy gamma 
radiation is emitted from the material 22. 
The radiation passes through the conveyor 100 
to the sensor 9. The sensor receives the 
radiation through the window 14, the 
radiation being collimated by the shielding 
so as to be from a desired volume of interest 
for material on the conveyor and upon 105 
striking the scintillation crystals 1 and 2, the 
radiation causes light flashes. The flashes 
are detected by the photomultiplier tube 4 
which derives an electrical signal in 
response to the flashes. Flashes in crystal 1 110 
are seen by the photo-multiplier tube 4 
through the crystal 2. 

The crystals 1 and 2 can vibrate 
separately in response to mechanical shock 
which may be experienced by the sensor 9 115 
and so are not subject to forces which may 
cause them to shatter. Even so, the crystals 
are optically coupled by the transparent 
silicone rubber compound 5. The crystals 
can also vibrate independently of the photo- 120 
multiplier tube 4. The optical shielding on 
the crystals prevents stray light from 
impairing their operation. 

Consequently, the sensor 9 has a 
scintillation crystal arrangement which 125 
offers a crystal volume of twice the size of a 
single crystal but which does not have a 
large crystal which is liable to fracture in use 
and which use a single photomultiplier tube. 
Moreover the crystal arrangement is long 130 
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(and thin) so that it can be slid into 
restricted spaces whereas a single crystal of 
the same size would have a diameter equal 
to its length and so would be bulky. 

5 In other embodiments of the invention a 
quantity of crystals could be provided, all 
optically coupled by silicone rubber. Such a 
sensor could then have a desired volume of 
crystal and yet avoid the problem of a large 

10 volume of crystal shattering. 
From the above description it can be seen 

that the present invention provides a sensor 
which is robust in operation and yet which 
offers a sufficiently great volume of 

15 scintillation crystal to detect high and low 
energy gamma rays of low intensity. 

WHAT WE C L A I M IS:— 
1. A radiation sensor comprising at least 

two scintillation crystals, support means for 
20 supporting the at least two crystals and 

detector means for detecting scintillations 
caused in the crystals by radiation impinging 
thereon, the support means being 
transparent to electromagnetic energy 

25 within a frequency range including that of 
the scintillations and allowing the crystals to 
vibrate separately. 

2. A radiation sensor as claimed in claim 
1, wherein the support means comprises a 

30 resilient material. 

3. A radiation sensor as claimed in claim 
2, wherein the resilient material comprises 
silicone rubber. 

4. A radiation sensor as claimed in claim 2 
or 3, wherein the resilient material is cut 35 
away from the scintillation crystals along 
the path of incident radiation into the 
sensor. 

5. A radiation sensor as claimed in claim 1 
wherein the crystals are coated with an 40 
optically opaque material on their faces 
away from the detector means or away from 
other crystals. 

6. A radiation sensor as claimed in any 
preceding claim, wherein the support means 45 
is included in a light tight container 
transparent to incident radiation. 

7. A radiation sensor as claimed in claim 
6, wherein the light tight container is 
contained in a further container 50 
impermeable to the incident radiation, but 
having a window situated in the path of 
incident radiation. 

8. A radiation sensor substantially or 
hereinbefore described and as shown in the 55 
accompanying drawings. 

For the Applicants, 
J. I. WOOD, 

Chartered Patent Agent. 
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