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(54) A PORTABLE APPARATUS FOR 
MEASUREMENT OF NUCLEAR RADIATION 

(71) I , GERALD DAVID WHITLOCK, a 
British subject of 6, Goldfinch Lane, Chos-
ley, Near Wallingford, Berkshire, do hereby 
declare the invention, for which I pray that 

5 a patent may be granted to me, and the 
method by which it is to be performed, to 
be particularly described in and by the fol-
lowing statement: — 

This invention relates to a portable ap-
10 paratus for measurement of nuclear radi-

ation. 
A particular application of the invention 

is to measurement of radioisotope-con-
tamination, for example, tritium (H3)-con-

15 itamination, of a surface. 
The maximum energy of a tritium beta 

particle is only 18.5 Kev, so that its mean 
range in air- at normal atmospheric press-
ure is only 1.5 mm. Furthermore, when 

20 monitoring such radiation it is necessary to 
exclude all light. 

It is an object of the invention in its 
preferred form to provide a portable ap-
paratus for measurement of nuclear radi-

25 ation which is easy for a worker in the 
radio-activity art to use for measuring tri-
tium contamination of a surface area, ar-
ticle or quantity of matter. However, the 
invention may have application having 

30 nothing to do with this object. 
According to the invention there is 

provided a portable apparatus for 
measurement of nuclear radiation, com-
prising a plastic scintillator sheet arranged 

35 in a base of a housing for detection of nu-
clear radiation, a sealing ring mounted in 
the base of the housing to make a sub-
stantially hermetic and light-tight seal be-
tween a support surface and the base of the 

40 housing, photomultiplier means optically 
coupled to the scintillator sheet to detect 
and amplify scintillations of the sheet, and 
device to reduce air pressure in the region 
of the sheet to substantially below atmos-

45 pheric pressure. 

The invention will now be described by 
way of example with reference to the ac-
companying drawings, wherein: — 

Figure 1 illustrates a section through a 
portable apparatus for measurement of nu- 50 
clear radiation in accordance with the in-
vention (the above-mentioned form of the 
invention); and 

Figure 2 shows the apparatus of Figure 
1 connected to a voltage supply, amplifier, 55 
pulse height discriminator, rate-meter and 
scale. 

The illustrated portable apparatus 1 for 
measurement of nuclear radiation com-
prises a radiation detector1 2 arranged 60 
within a housing 3 so thait the detector 2 
can detect nuclear radiation from a surface 
area not shown, in a manner described 
hereinafter when an opening 4 of the hous-
ing 3 is applied to a ring-form support sur- 65 
face, not shown, surrounding said surface 
area. The opening 4 of the housing 3 is 
bounded by an opaque resilient sealing ring 
5 of rubber to make a light-tightt and her-
matic seal with the ring-form support sur- 70 
face. 

The ring-form support surface must be 
smooth and impervious to light. The sur-
face area which it surrounds must also be 
impervious to light. 75 

The apparatus 1 includes a variable 
volume chamber 6 and a pressure-relief 
non-return valve 7. The chamber 6 is 
formed between two portions 8 and 9 of the 
housing 3, the housing portion 8 being 80 
telescopically slidable within the housing 
portion 9. When the apparatus 1 is placed 
with the opening 4 upon the surface, the 
chamber volume can be reduced by hand 
pressure upon the (upper) housing portion 85 
9 causing the /housing portion 8 to teles-
cope into housing portion 9 and air to be 
driven out of the chamber 6 through the 
valve 1. A compression spring 10 is 
arranged to act between the housing por- 90 
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tions 8 and 9 to raise the housing portion 
9 again after removal of the hand pressure, 
thereby causing the volume of the chamber 
6 to be increased again, thus causing a re-

5 duction of pressure in the chamber 6. The 
chamber 6 communicates via a passage or 
duct 11 wth a space 12 which exists in use 
between a sheet-form plastic scintillator 13, 
(Type NE 102 A made by Nuclear En-

10 terprises (GB) Ltd.,) of the radiation de-
fector 2 and the surface, so that the press-
ure irr the space 12 is also reduced. 

The radiation detector 2 is in the form 
of a unit which is movable within the 

15 housing 3 towards and away from the 
housing opening 4 and is urged by a spring 
14 away from the opening 4. The lower 
end 15 of the detector 2 is subjected to the 
pressure in the space 12. The upper end 16 

20 of the detector 2 is subjected to atmos-
pheric pressure via a passage or duct 8a 
extending from the lower housing portion 8 
through the top of the upper housing por-
tion 9. Thus, when the pressure in the 

25 space 12 is reduced, the detector 2 is 
moved down under atmospheric pressure, 
against the spring 14, towards the opening 
4. When monitoring radiation on a surface, 
the detector 2i abuts the surface. 

30 The detector 2 comprises the sheet-form 
plastics scintillator 13 and a photo-multi-
plier device 17, (Type 9750 QB made by 
E.M.I. Ltd.) enclosed in a mumetal shield 
18, (Type PS5 B made by E.M.I. Ltd.) and 

35 a casing 19, as well as ,a retaining ring 20 
of polyeterafluorethylene which retains the 
scintillator 13 and photomultiplier device 

.17 in the casing 19, insulates the photo-
multiplier 17 from casing 19 and also 

40 spaces the scintillator 13 from the surface 
in use by a predetermined amount. The 

.photomultiplier device 17 has nineteen ter-
minals 17cz, some of which are shown, in-
cluding terminals ipr cathode, ten dynodes 

45 and anode (not shown) of the device 17. 
Two co-axial conductor pairs 36 and 37 

are connected by soldering as follows:— 
the outer conductors of both conductor 
pairs to the cathodei terminal and to earth; 

50 the centreconductor of conductor, pair 36 
to a junction between an adjustable anode 
load resistor and a 100 kilohm resistor 
connected (by soldering) in series between 
terminals (namely, the anode and tenth dy-

55 node terminals,) of device 17 and to a high 
voltage supply 48; (the anode load resistor 
is adjusted so that the dynode chain cur-
rent is ten times the mean anode current;) 
(Figure 2) and the centre conductor of con-

60 ductor pair 37 through a coupling 
capacitor to the anode terminal and to an 
amplifier 49 (Figure 2). 

A dynode chain of a zener diode, re-
sistors and capacitors, some of which are 

65 illustrated diagrammatically, is connected 

by soldering to various terminals as fol-
lows:— a zener diode type 154150 be-
tween the cathode and first dynode; nine 
resistors, each 100 kilohms, between the re-
spective pairs of the first to ninth dynodes 70 
in sequence and between the tenth dynode 
and the high voltage; a resistor of 200 
kilohms between the ninth and tenth dy-
nodes; three capacitors of 0.001 //. F. 0.0001 
ii F and 0.0 y. F respectively between the 75 
seventh and eighth, the eighth and ninth 
and the ninth and tenth dynodes, in paral-
lel with the respective resistors; a capacitor 
of 0.05 p. F between the tenth dynode and 
the (earther) cathode; and an anode load 80 
resistor between the high voltage and the 
anode. 

A shutter assembly 21 forms part of the 
housing 3 and is arranged to prevent ex-
posure of the radiation detector 2 to light. 85 
More particularly, the shutter 21 assembly 
is an electrically operable shutter, (Type 
CN-1733-000 "Compur" shutter obtainable 
from George Elliott & Sons, Ltd, or COM-
PUR-WERKE G.m.b.H & Co, of 8 Munich 90 
25, Steinerstrasse 15, West Germany, with 
its own electrical supply battery 22, and 
acts when closed to stop the detector 2 
from moving through the shutter 21. 
(There is an air passage, a continuation of 95 
passage. 11, around the outside edges 21a 
of the shutter proper 21b, so that pressures 
above and below the shutter - proper 21b 
are equal). 

A pressure-responsive electrical contact 100 
device 23 is mounted on the lower housing 
part 8 and comprises a rubber diaphragm 
24 carrying a movable electrical contact 25 
which is engageable with two fixed elec-
trical contacts 26 and 27 in a chamber 28 105 
which communicates through a passage 29 
with the passage 11. When the pressure in 
the chamber 6 and the space 12 is reduced 
sufficiently, atmospheric pressure acting 
through an opening 30 moves contact 25 110 
into engagement With contacts 26 and 27, 
which are connected by wires 31 and 32 
electrically in series with the battery 22 
and a solenoid, not shown, of the shutter 
21, so that the shutter is opened, and the 115 
detector 2 is permitted to move down 
through the shutter -21 under atmospheric 
pressure until the detector 2 abuts the sur-
face, initiating exposure of the detector 2 
to the radiation, (the above-mentioned beta \2Q 
particle radiation). 

Features of the radiation detector 2 not 
mentioned so far are:—a light-tight parti-
tion 33 retained in the screw-threaded top of 
the casing 19 by a screw-threaded ring 34 125 
which' is screwed into the top of the casing 
19; a U-shaped light-excluding duct 35 in the 
partition 33 for electrical conductors 36 
and 37 from the photomultiplier device 17 
to be extended to the exterior of the ap- 130 
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paratus 1 through the duct 8a; a passage 
38 interconnecting the space occupied by 
the spring 14 with the ajtmosphere to avoid 
an air-lock; and two elastomeric O-rings 39 

5 and 40 to provide an hermetic seal between 
the casing 19 and the housing part 8. 

There are two further elastomeric O-
rings 41 and 42 providing an hermetic seal 
between the housing parts 8 and 9, also a 

10 rubber seal 8b between housing portion 8 
and shutter assembly 21, as well as an 
elastomeric O-ring 43 between the housing 
part 9 and the duct 8a. A retaining nut 8c 
is screwed onto the duct 8a (to retain the 

15 housing portion 9 on the housing portion 
8. 

The valve 7 comprises a part-frusto-
conical body 44, a sealing washer 45, a 
spring 46 and a lever 47 for opening the 

20 valve 7, to release the partial vacuum in 
the chamber 6 and space 12 and thus per-
mit removal of the apparaitus 1 from the 
support surface, when monitoring is com-
pleted. When the vacuum is being released, 

25 the detector 2 retracts upwardly, due to 
spring 14 and, upon opening of contacts 25 
to 27, ithe shutter 21 closes under spring 
action. 

The bottom surface of the sealing ring 5 
30 may advantageously be slightly frusto-

conical, (narrowing upwardly), to provide a 
good seal. 

Referring to Figure 2, the conductors 36 
and 37 are connected to high voltage 

35 supply 48, amplifier 49, a pulse height dis-
criminator 50, a rate-meter 51 and a scaler 
52. 

The voltage supply 48, amplifier 49, 
pulse height discriminator 50 and rate-

40 meter 51 are all included in a portable 
rate-meter spectrometer Type NE 8433 
made by Nuclear Enterprises (GB) Ltd. 

WHAT I CLAIM IS: — 
1. A portable apparatus for 

45 measurement of nuclear radiation, com-
prising a plastic scintillator sheet arranged 
in a base of a housing for1 detection of nu-
clear radiation, a sealing ring mounted in 
the base of the housing to imake a sub-

50 stantially hermetic and light-tight seal be-
tween a support surface and the base of 
the housing, photomultiplier means op-
tically coupled to the scintillator sheet to 
detect and amplify scintillations of the 

55 sheet, and a device to reduce air pressure 
in the region of the sheet to substantially 

below atmospheric pressure. 
2. Apparatus as claimed in claim 1 

wherein the said device is a pump formed 
by the housing, one portion of which is 60 
telescopically slidable within another por-
tion thereof. 

3. Apparatus as claimed in claim 2 
wherein a spring is arranged to act be-
tween the two housing portions in a sense 65 
such as to increase the effective volume of 
the housing and hence to reduce the press-
ure therein. 

4. Apparatus as claimed in claim 1, 2 
or 3 wherein a pressure-relief non-return 70 
valve is provided to vent air from the ap-
paratus. 

5. Apparatus as claimed in any pre-
ceding claim wherein the scintillator sheet 
and photomultiplier means are movable as 75 
one unit within the housing, the unit being 
arranged to be acted upon by atmospheric 
pressure to move the unit into an operative 
position against a spring when the air press-
ure in the region of the sheet is reduced 80 
to substantially below atmospheric pre-
ssure. 

6. Apparatus as claimed in claim 5 
wherein the unit1 is adapted to abut the 
support surface. 85 

7. Apparatus as claimed in any pre-
ceding claim wherein the scintillator sheet 
is arranged to be spaced from the support 
surface by a predetermined amount. 

8. Apparatus asf claimed in any pre- 90 
ceding iclaim wherein a shutter is arranged 
to prevent exposure of the scintillator sheet 
to light when the apparatus is not in use. 

9. Apparatus as claimed in claim 8 
wherein a pressure-responsive device is 95 
arranged to open the shutter in response to 
the reduction of air pressure in the region 
of the scintillator sheet to substantially 
below atmospheric pressure. 

10. Apparatus as claimed in claim 9 100 
wherein the pressure-responsive device is 
an electrical contact device. 

11. Apparatus as claimed in any one of 
claims 8 to 10 read as appended to claim 
5 wherein the shutter is arranged to control 105 
movement of the unit. 

•12. Apparatus substantially as de-
scribed with reference to Figure 1 of the 
accompanying drawings. 

MARKS & CLERK, 
Chartered Patent Agents. 

Agents for the Applicants. 
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