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Description

Technical field of the invention

[0001] The present invention relates to an apparatus
and a method for measuring radiation emanating from
a sample containing a radiant matter.

Background of the invention

[0002] Certain conditions and diseases can be indi-
cated by analysing a sample of exhaled air in order to
establish the concentration of a certain substance. One
example is a method of detecting Helicobacter Pylori in
the gastrointestinal tract, a good indication of gastric ul-
cer, by measuring in exhaled CO2 the concentration
of 14C, used as a label for a urea preparation swallowed
prior to the measurement. The concentration is deter-
mined by measuring β-radiation emanating from 14C.
However, since the emanation from 14C is low energy
β-radiation this method today requires the use of expen-
sive, time consuming and bulky apparatus.
[0003] SE 458 313 discloses an instrument for meas-
uring radioactive radiation emanating from a sample.
The measurement apparatus comprises a Geiger-
Müller tube for registering radioactive events, a holder
for bringing the sample close to the Geiger-Müller tube,
and an electronic unit for calculating the number of puls-
es from the tube and for displaying the results of the
calculation.
[0004] US 4,418,282 discloses a method and corre-
sponding apparatus related to a scintillation counter.
The apparatus comprises two photon detectors be-
tween which a sample may be placed. The detectors
outputs pulses as a result of photons incident on the de-
tectors, said photons being emitted by a scintillation me-
dium which absorbs incident radiation, e.g. from the
sample, and emits photons as a result. The pulses out-
put from the detectors are received by electrical circuitry
which evaluates radiation emanating from the sample
based on the number and amplitude of received coinci-
dent pulses.
[0005] The provision of simple and cheap methods for
use in decentralised health care has still not been ade-
quately solved. Thus, there is a need for methods and
improved apparatuses for detecting low energy radia-
tion, particularly for use in health care, which are simple,
cheap, small, and which provide satisfactory diagnostic
accuracy.

Summary of the invention

[0006] An object of the present invention is to provide
a method for measuring low energy radiation emanating
from a radiant matter in a sample, particularly for meas-
uring β-radiation emanating from a 14C labelled com-
pound, that is fast, simple and provides satisfactory ac-
curacy.

[0007] A further object of the present invention is to
provide an apparatus for measuring low energy radia-
tion emanating from a radiant matter in a sample that is
cheap, light in weight and small in size.
[0008] Yet another object of the invention is to provide
an apparatus that for beneficial manufacturing and serv-
ice purposes comprises no moving parts at all.
[0009] The objects mentioned above are achieved ac-
cording to the invention by a method, an apparatus, and
a combination of an apparatus and a sample device hav-
ing the features defined in the appended claims.
[0010] According to a first aspect of the present inven-
tion there is disclosed an apparatus for measuring low
energy sample radiation emanating from a sample con-
taining a radiant matter, comprising

first and second radiation detectors for measuring
said radiation and background radiation, said first and
second detectors being positioned substantially parallel
with their respective active surfaces facing each other
in an aligned position, at a distance allowing for tempo-
rary insertion of a sample device of planar configuration
in a measurement cavity between the detectors;

external shielding means enclosing the radiation
detectors, said shielding means reducing background
radiation present in the measurement cavity, said
shielding means being provided with an opening for re-
ceiving said sample device;

electronic processing means for handling decay
pulses received from the radiation detectors, calculating
from said pulses the radiation originating from the sam-
ple and evaluating the result of said calculation; and

means for recording and/or displaying the results
of said evaluation.
[0011] According to a second aspect of the present
invention there is disclosed a combination of an appa-
ratus described above and a sample device having a
planar configuration and comprising a sample carrier
and radiant sample matter carried by said sample car-
rier, said radiant sample matter being provided on said
sample carrier such that sample radiation radiates from
both surface sides of said sample carrier, said surface
sides facing said first and second radiation detectors,
when the sample device has been inserted into said ap-
paratus.
[0012] According to a third aspect of the present in-
vention there is disclosed a combination of an apparatus
described above and a sample device having a planar
configuration and comprising a sample carrier and radi-
ant sample matter carried by said sample carrier, said
radiant sample matter being provided on said sample
carrier such that sample radiation substantially only ra-
diates from one surface side of said sample carrier, said
one surface side facing said first radiation detector when
the sample device has been inserted into said appara-
tus.
[0013] According to a fourth aspect of the present in-
vention there is disclosed a method for measuring low
energy sample radiation emanating from a sample con-
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taining a radiant matter, comprising the steps of:

inserting a sample into a measurement cavity, be-
tween two aligned radiation detectors facing each
other, such that said sample radiation reaches only
a first detector of said radiation detectors;
measuring, for a predetermined time period, the re-
spective number of output pulses originating from
ionising events occurring in the respective radiation
detectors;
providing a first radiation value obtained from the
number of pulses from said first detector, and a sec-
ond radiation value obtained from the number of
pulses from the second detector;
providing a sample radiation value by subtracting a
background radiation value from said first value,
wherein said background radiation value is based
upon a historical background radiation value ob-
tained prior to insertion of the sample, by means of
said second detector, as well as said second radi-
ation value;
evaluating said sample radiation value, thereby de-
termining the amount of radiant matter in the sam-
ple.

[0014] According to a fifth aspect of the present inven-
tion there is disclosed a method for measuring low en-
ergy sample radiation emanating from a sample con-
taining a radiant matter, comprising the steps of

inserting a sample into a measurement cavity, be-
tween two aligned radiation detectors facing each other;

measuring, for a predetermined time period, the
respective number of output pulses originating from ion-
ising events occurring in the respective radiation detec-
tors;

providing a first radiation value obtained from the
measured number of pulses from said first detector, and
a second radiation value obtained from the measured
number of pulses from the second detector;

providing a sample radiation value by subtracting
a background radiation value from the sum of said first
and second radiation values, wherein said background
radiation value is based upon a historical background
radiation value obtained prior to insertion of the sample;
and

evaluating said sample radiation value, thereby
determining the amount of radiant matter in the sample.
[0015] According to a sixth aspect of the present in-
vention there is disclosed a method for measuring low
energy sample radiation emanating from a sample con-
taining a radiant matter, the method comprising

providing a first radiation detector and a second
radiation detector such that the two radiation detectors
both measure substantially the same background radi-
ation;

using said second radiation detector for measur-
ing a historical background radiation mean value;

thereafter positioning the sample relative to said

radiation detectors such that sample radiation reaches
said first radiation detector only;

measuring both output pulses from said first radi-
ation detector and output pulses from said second radi-
ation detector; and

calculating a sample radiation value by subtract-
ing from a measured number of output pulses from said
first radiation detector a corresponding background ra-
diation value based upon said historical background ra-
diation mean value and the measured number of output
pulses from said second radiation detector.
[0016] According to a seventh aspect of the present
invention there is disclosed A method for measuring low
energy sample radiation emanating from a sample con-
taining a radiant matter, the method comprising

providing a first radiation detector and a second
radiation detector such that the two radiation detectors
both measure substantially the same background radi-
ation;

using said radiation detectors for measuring a his-
torical background radiation mean value;

thereafter positioning the sample relative to said
radiation detectors such that sample radiation reaches
both radiation detectors;

measuring both output pulses from said first radi-
ation detector and output pulses from said second radi-
ation detector; and

calculating a sample radiation value by subtract-
ing from a measured number of output pulses from said
detectors a corresponding background radiation value
based upon said historical background radiation mean
value.
[0017] Thus, the first and second radiation detectors
are positioned in the measurement cavity substantially
parallel in an aligned position, with their respective ac-
tive surfaces facing each other. The detectors are adapt-
ed for enabling them to measure radiation emanating
from a sample device, of substantially planar configura-
tion, inserted into the measuring cavity, the sample be-
ing positioned as close as possible and substantially
parallel to the detectors, so that scattering is minimised
and essentially all radiation emanating from the sample
will be able to reach the detectors. This configuration,
in which the detectors face each other with the sample
device inserted there between, ensures that no shield-
ing from the sample radiation by the other detector will
take place.
[0018] Said first and second radiation detectors can
both be used for measuring sample radiation. This en-
ables detection of radiation emanating from radiating
surfaces on both sides of the planar configured sample
device, and increases the number of ionising events
measured. Thus, a higher diagnostic accuracy can be
achieved. In this case, the background radiation to be
subtracted from the sample measurement results con-
stitutes a historical background radiation value, said his-
torical value being obtained and updated prior to each
insertion of a sample device into the measurement cav-
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ity. The historical value can be obtained using both ra-
diation detectors for measuring the background radia-
tion.
[0019] Alternatively, the second radiation detector
can be used for measuring background radiation only.
This provides a lower count of ionising events, but in-
stead it gives a higher accuracy regarding the measured
amount of background radiation to be subtracted, due
to the fact that the amount of background radiation
present in the measurement cavity changes over time.
However, it has surprisingly been found that when sub-
tracting the background radiation from the measure-
ments of sample radiation a considerable improvement
of the measurement accuracy can be achieved if the val-
ue corresponding to background radiation is a weighted
mean value calculated from the result of the background
radiation measurements performed during the sample
radiation measurements and a historical background ra-
diation value, said historical value being obtained and
updated prior to each insertion of a sample device into
the measurement cavity.
[0020] In order to ensure that sample radiation is not
detected by the second radiation detector, in the case
that the second detector is arranged to measure back-
ground radiation only, there can be provided internal
shielding means. Said shielding means can either be a
part of the apparatus, a part of the sample device or
both. Preferably the sample radiation shield is remova-
bly mounted (inherently if in the sample device) so that
it can be easily replaced if contaminated. In order to ob-
tain a reliable value of the amount of background radi-
ation present in the measuring cavity, it is important that
the internal shielding of the second detector efficiently
prevents radiation from the sample to reach the second
detector, while at the same time preventing as little back-
ground radiation as possible from reaching the second
detector. Therefore, the material and thickness of the
internal shielding has to be chosen with respect to the
energy content and type of the sample radiation being
measured.
[0021] In order to further improve the accuracy re-
garding the measuring of background radiation present
in the measurement cavity during the sample radiation
measurements, in the case of both the first and second
detector measuring sample radiation, a third radiation
detector can be provided within the measurement cav-
ity. This enables measuring of background radiation si-
multaneously with the measuring of sample radiation.
Said third detector can be placed behind said first or sec-
ond detector, seen from the sample device, or in a po-
sition as close as possible to the sample.
[0022] When measuring the sample radiation or the
background radiation coincidental pulses, i.e. radiation
pulses that strikes both the first and second radiation
detectors simultaneously, can automatically be disre-
garded, since coincidental pulses can, with a very high
probability, not originate from the sample due to the ori-
entation of the radiating surfaces of the sample relative

the first and second radiation detectors and to the rela-
tive small number of ionising events emanating from the
sample. This can be done by not, or separately, regis-
tering ionising events occurring in both the first and sec-
ond radiation detectors within a predetermined, short
time interval.
[0023] Preferably, the apparatus according to the in-
vention further comprises a sample position detector for
detecting whether the sample is in its correct position
and to prevent the start of a sample radiation measure-
ment if this is not the case. Said detector is used in order
to ensure that as much of the sample radiation as pos-
sible is caught by the first radiation detector. If the sam-
ple would not be in the correct position, scattering of the
radiation would result in a false, low, count of ionising
events and a false value of the amount of radiant matter.
When the apparatus is used for diagnostic purposes this
in turn could lead to a wrong diagnosis.
[0024] In order to decrease the amount of background
radiation present in the measuring cavity, said cavity can
be enclosed by an external shield made out of a high
density material. This will improve the signal to noise
ratio and thereby increase the accuracy of the measure-
ments.
[0025] In order for the sample not to contaminate the
measuring cavity, the sample device can be provided
with a sample matter cover that is not permeable to the
sample matter but is permeable to the sample radiation.
Such a cover can consist of a thin film of some sort. Pref-
erably, the cover consists of a mylar film with a typical
thickness of about 1 µm.
[0026] The radiation detectors will in the following de-
scription be illustrated in a horizontal position. However,
this shall not be seen as a restriction of the invention,
merely as an illustration of preferred embodiments of the
present invention. Several other alternatives are con-
templated within the scope of the invention, such as
placing the detectors vertically, etc. Placing the first and
second detectors vertically, with the sample device
placed vertically between the detectors, would eliminate
the risk of the sample matter contaminating these de-
tectors because the radiating matter can not fall on to
the detectors.
[0027] With regard to means used for the actual de-
tection of radiation, the man skilled in the art realises
that various types of detector means could be used,
such as proportional counters or, as is preferred, Gei-
ger-Müller tubes. Thus, for the purpose of making the
description more comprehensive, the rest of the de-
scription will refer to Geiger-Müller tubes as means for
detecting radiation.
[0028] The radiation detectors in the apparatus ac-
cording to the invention are not limited to a specific
shape or size. However, since it is an object of the
present invention to provide a cheap and small meas-
uring apparatus the Geiger-Müller tubes shall conse-
quently meet the same requirements. The described
configuration of the apparatus along with the described
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method of measuring sample radiation enables, with
maintained satisfactory diagnostic accuracy, the use of
the cheapest and smallest Geiger-Müller tubes in use
today.

Brief description of the drawings

[0029]

Figures 1-4 schematically show top, bottom, front,
and side views of an apparatus according to pre-
ferred embodiments of the present invention.
Figure 5 schematically shows a side view of an ap-
paratus according to an alternative embodiment of
the present invention.
Figures 6-8 schematically show a top view of a
guide tongue, and top and cross section views of
sample devices according to preferred embodi-
ments of the invention.
Figure 9 schematically shows a view of a Geiger-
Müller tube according to preferred embodiments of
the invention.
Figures 10 and 11 schematically show block dia-
grams of the electronic circuitry according to pre-
ferred embodiments of the invention.
Figure 12 schematically shows a pulse diagram.
Figures 13-15 schematically show flow diagrams il-
lustrating methods according to the preferred em-
bodiment of the invention.

Detailed description of preferred embodiments of the
invention

[0030] Referring to figures 1-9 there is shown an em-
bodiment of an apparatus of the present invention. The
apparatus 1 comprises a housing comprising separate,
essentially cylindrical top and bottom portions 2, 3
formed by a plastic material. An externally protruding
guide tongue 4 is fitted between the top and bottom por-
tions 2, 3 extending inwardly from the side wall of top
portion 2 to form a flat support area for a sample device
6 with a planar configuration. The guide tongue 4 is pro-
vided with a circular hole 4a and two guide flanges 4b
and 4c. A slot opening 5 is formed between the top por-
tion 2 and the guide tongue 4 for receiving the sample
device 6, the sample device 6 filling up said slot opening
5 when in an inserted position.
[0031] The apparatus further comprises a carbon
steel background radiation shielding 7 mounted be-
tween the top and bottom portions 2, 3. This shielding
consists of four separate cylindrical shields 7a, 7b, 7c,
7d tightly fitted together. Said first and fourth shields 7a,
7d have a uniform thickness while said second and third
shields 7b, 7c are provided with a respective through
hole for accommodating a respective first and second
Geiger-Müller tube 11, 12. Said second shield 7b, con-
taining the first tube 11, is also provided with a cut-in
portion for receiving the mounted guide tongue 4. Said

cut-in portion can best be seen in figure 2. The Geiger-
Müller tubes 11, 12 are mounted parallel to each other
with their slightly depressed circular active surfaces 11a,
12a closely facing each other in an aligned position.
Said tubes 11, 12 form between them, together with the
cut-in portion of said second shield 7b, a measurement
cavity 8 for receiving the sample device 6. The second
Geiger-Müller tube 12 is, according to an embodiment
of the present invention, arranged so as not to receive
any radiation from the sample 6b, either by the sample
device 6 itself being arranged to provide sample radia-
tion in one direction only, or by having a separate sample
radiation shield (not shown) positioned within the cavity
8 between the second tube 12 and the sample device
6. Such a separate radiation shield should be arranged
so as not to shield the second tube from background
radiation noticeably. Such a shield could preferably be
disposed in said circular hole 4a of said guide tongue 4.
[0032] The mutually facing active surfaces 11a, 12a
of the first and second Geiger-Müller tubes 11, 12 are
operatively separated by a distance substantially corre-
sponding to the height of the slot 5, which is adapted for
insertion of a sample device 6 of planar configuration
and for positioning the radiant matter of the sample as
close as possible to said first tube during the measuring
of sample radiation.
[0033] Referring now to figures 6-8, there is shown an
example of a sample device 6, an alternative sample
device 6I and the guide tongue 4. The sample device 6
typically consists of a flat sample carrier 6a, having a
configuration generally corresponding to the configura-
tion of the guide tongue 4 and a thickness corresponding
to the height of the slot opening 5, which on one surface
provides an area 6b with a circular hole, forming a win-
dow, wherein there is mounted a CO2 absorbing mate-
rial that contains the actual sample labelled with 14C.
The sample carrier 6a is formed by a plastic material
which shields its surroundings from sample radiation,
except for the part where the window 6b is. Hence, the
radiating matter radiates from said window 6b only. Said
window 6b is further provided with a thin protective film
for avoiding contamination of the measurement cavity
8. Said sample carrier 6a is also provided with an area
6c with high reflexivity, which enables detection by a
sample device position detector 16. Said area 6c is po-
sitioned on the upper, most inward left corner of the sam-
ple carrier 6a, seen in the direction of insertion.
[0034] The alternative sample device 6I consists of a
flat sample carrier 6aI, with the same features as the
above described sample carrier 6a, which on one sur-
face provides an area 6bI and on the other surface an
area 6bII, both of said areas having the same features
as the above described area 6b. Hence, the alternative
sample device 6I is arranged to provide sample radiation
in both directions. Said alternative sample device is fur-
ther provided with an area with high reflexivity (not
shown), as the above described sample device.
[0035] The guide tongue 4 has guide flanges 4b, 4c
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for guiding the sample device 6, 6I. The guide flanges
converge slightly towards the centre of the apparatus 1
to provide for correct positioning of the corresponding
sample device 6 in the measuring cavity 8 defined by
the tubes 11, 12, i.e. so that the windows 6b, 6bI, 6bII of
the sample device 6, 6I are aligned with said respective
active surfaces 11a, 12a of said Geiger-Müller tubes 11,
12. In order for the background radiation that reaches
the measurement chamber 8 to be equally detected by
both tubes 11, 12, the guide tongue 4 is provided with
said through hole 4a. The only shielding of background
radiation between the tubes 11, 12 in the chamber 8 is
by the sample device 6, 6I itself. Said device is however
designed not to shield with regard to background radia-
tion.
[0036] In order to decrease the amount of background
radiation entering the measurement cavity 8 the slot
opening 5 continues into an elongate space formed be-
tween the second and third background radiation
shields 7b, 7c, which has a height substantially in cor-
respondence with the thickness of the planar sample de-
vice 6, 6I. Due to the geometry of the space formed be-
tween said shields 7b, 7c, only a smaller portion of back-
ground radiation can enter the measurement cavity 8
through said slot opening 5. The height of said space is
adapted so that said areas 6b, 6bI, 6bII of said sample
carrier 6a, 6aI containing the actual sample are posi-
tioned as close as possible to said first and second Gei-
ger-Müller tubes 11, 12.
[0037] The apparatus further comprises the sample
device position detector 16 for detecting both whether
the sample device 6, 6I has been inserted with the cor-
rect orientation, and whether said device has reached
the correct position. The position detector consists of a
reflection sensor that can detect.an area 6c of the sam-
ple device 6, 6I having high reflexivity. Said position de-
tector 16 is mounted in said second shield 7b at the in-
ward end of the guide tongue 4.
[0038] Referring to figure 5 there is shown an appa-
ratus according to an alternative embodiment of the
present invention. The apparatus comprises a carbon
steel background radiation shielding 7 consisting of five
separate cylindrical shields 7a, 7b, 7c, 7dI, 7e, where
the three top shields 7a, 7b, 7c have the same features
as previously described. The fourth shield 7dI is provid-
ed with a through hole for accommodating a third Gei-
ger-Müller tube 13, and the fifth shield has a uniform
thickness. The three Geiger-Müller tubes 11, 12, 13 are
all mounted parallel to each other in an aligned position,
the first and second tubes 11, 12 having with their active
surfaces 11a, 12a closely facing each other in an aligned
position. Said tubes 11, 12 form between them, together
with the cut-in portion of said second shield 7b, a meas-
urement cavity 8 for receiving said alternative sample
device 6I. Thus, the first and second Geiger-Müller
tubes are arranged for measuring sample radiation. The
third Geiger-Müller tube is arranged for measuring back-
ground radiation only.

[0039] In the bottom portion 3 of the housing under-
neath the background radiation shield 7 there is mount-
ed a circuit board comprising a first electronic unit 9. Re-
garding to figure 2, said unit 9 comprises a central
processing unit (CPU) 50; an EPROM 62; a real time
clock 63; a detector voltage unit 15 comprising a voltage
transformer and a voltage control unit; pulse shapers 31,
32, 33; a logical OR element 44; and pulse duration
modifiers 41, 42, 43. The CPU 50 can be accessed ex-
ternally via a serial port 17 (figure 2) disposed on the
back wall of the bottom portion 3 of the housing. Next to
the serial port 17 there is also provided a connector 18
for connecting a conventional battery eliminator (9V,
7W) that supplies the instrument with low voltage DC
power.
[0040] The first electronic unit 9 is also connected to
a second electronic unit 10 positioned in the top portion
2 of the housing above said background radiation shield.
Referring to figures 1, 10 and 11, said second electronic
unit comprises a display 61. The display 61 is a 16x2
segments back lit liquid crystal display (LCD) which can
be seen through an upward facing window in said top
portion 2. A keyboard 60, being an integral keyboard
with 4 membrane keys for initiating pre-programmed
program menus, and two light emitter diodes (LED) 64a,
64b are also disposed on top of said top portion 2 and
are electrically connected to said first electronic unit 9
through an opening (not shown) of said top portion 2.
The LED's 64a, 64b consist of a green and a yellow dou-
ble LED, for indicating sample measurement status or
stand by status, and a red LED, for indicating error of
some sort.
[0041] Referring again to figures 10 and 11 there is
shown a block diagram of the electronic circuitry in con-
nection with two detectors (figure 10) and in connection
with three detectors (figure 11). The Geiger-Müller tubes
11, 12, 13 are positioned within the shield 7 and respec-
tively connected to the detector voltage unit 15 and, via
capacitors 21, 22, 23 to a respective pulse shaper 31,
32, 33. The respective pulse shapers 31, 32, 33 are con-
nected to respective pulse duration modifiers 41, 42, 43
as well as to a common logical OR element 44. Within
the shield 7 there is also positioned the position detector
16 which is directly connected to an I/O port 55 of the
CPU 50. The CPU 50 is also connected to the logical
OR element 44 via an I/O port 54; to the pulse duration
modifiers 41, 42, 43 via I/O ports 51, 52, 53; to the key-
board 60 via an I/O port 56; and to the display 61, the
EPROM 62 and the real time clock 63 via a data bus.
[0042] The CPU 50, a 68HC11 microprocessor, pro-
vides for instrument control and measurement data
processing as well as controlling alarm functions. The
EPROM 62 contains program code for the CPU 50, and
the real time clock 63 provides time information for the
analysis of the CPU 50. The alarm functions controlled
by the CPU 50 include detector function and possible
contamination of the measurement cavity 8. This is per-
formed by measuring background radiation levels, when
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the measurement cavity 8 is empty, and by providing an
alarm signal (optical and/or acoustic) when said level is
above a pre-set level or zero.
[0043] The voltage control unit 15 controls the voltage
transformer for transforming the low DC voltage sup-
plied to a high voltage for the Geiger-Müller tubes of
preferably about 500 V. The desired voltage level is set
through an adjustment potentiometer (not shown).
[0044] The following description relates to the case of
the apparatus comprising two radiation detectors. When
an ionising event occurs in any of the Geiger-Müller
tubes 11, 12 the respective pulse shaper 31, 32 receives
a pulse from said tube, said received pulse being
shaped into a square pulse, as can be seen in figure 12,
with a pulse length of approximately 20 µs. The pulse
shapers 31, 32 are provided with a discrimination level
in order to remove possible noise. Each square pulse is
then sent to the logical OR element 44 which thus sends
a pulse to the CPU each time an ionising event is de-
tected by at least one of the tubes 11, 12. Upon reception
of a pulse from the OR element 44 the CPU 50 interrupts
its current action and detects whether there is a pulse
on any of the I/O ports 51, 52 and sets a variable
(Var_port) to one of three possible values indicating: a
pulse from detector 1, a pulse from detector 2 or pulses
from both detectors, respectively. In order for the CPU
50 to be able to detect pulses occurring on said I/O ports
51, 52 when the CPU is busy, the pulses from the re-
spective pulse shapers 31, 32 are passed to the CPU
50 via respective pulse duration modifiers that 41, 42
that modifies the pulses from a duration of about 20 µs
to a duration of about 40 µs. This can also be seen in
figure 12.
[0045] Referring now to figures 13-15, there is shown
flow diagrams of a method according to the invention,
which will now be described in greater detail. After
switching the apparatus on initiation routines are per-
formed. The initiation routines include a 1,000 seconds
background radiation measurement with both Geiger-
Müller tubes 11, 12 in order to detect malfunctions of the
tubes and/or the electronic circuits and also to detect
possible contamination of the measuring cavity 8. Addi-
tionally the measurement from the second Geiger-
Müller tube 12, or from both Geiger-Müller tubes 11, 12,
is used to achieve a first value used for calculating a
value corresponding to the amount of background radi-
ation, hereinafter referred to as BGR, being present in
the cavity 8 prior to insertion of the sample device 6, 6I.
Following the initiation routines BGR is obtained while
the instrument operates in a standby mode.
[0046] The method to obtain BGR is performed during
time periods of predetermined length and the mean val-
ue of a pre-set number of latest measurement periods
are registered as BGR. In the preferred embodiment a
value in the form of the number of ionising events de-
tected during a time period of 50 seconds is registered
in a memory, thereby replacing a previously obtained
value, which is discarded on a first in - first out (FIFO)

basis, so that only the last 12 values are registered in
the memory.
[0047] The mean value is then calculated from these
values, excluding the highest value and the lowest val-
ue. All values are normalised to correspond to a time
period of 1,000 seconds. Immediately following the end
of a background radiation measurement period, the next
background radiation measurement period begins. In
this way, a constantly updated historical mean value cor-
responding to background radiation is achieved. Hence,
as long as there is no sample device 6 positioned within
the measurement cavity 8 BGR is continuously obtained
and updated. When a sample device 6, 6I is inserted
into said cavity 8 and detected by detector 16 the meas-
uring of BGR is immediately stopped. As the measuring
of BGR first begins the values in all 12 positions contain
the number of ionising events registered during the ini-
tiation routine. Thus, the sample radiation measurement
can begin immediately following the initiation routine.
The registering of ionising events during the background
radiation measurement is performed in the same man-
ner as for the sample radiation measurement described
below. Hence, coincidental pulses are disregarded dur-
ing the background radiation measurement and BGR
does not include coincidental pulses.
[0048] After insertion of a sample device 6, 6I, con-
taining a radiating sample, into the measuring cavity the
sample position detector 16 detects whether the sample
device 6, 6I is in the correct position and with the correct
orientation for sample measuring. If so, the sample ra-
diation measurement (figure 15) can begin when the
start key is activated; if not, the position of the sample
has to be adjusted for the sample radiation measure-
ment to commence. Since the decay time of 14C is long,
the time at which the sample radiation measurement be-
gins is not a crucial factor.
[0049] When the central processing unit (CPU) re-
ceives the indication from the start key that sample ra-
diation measurement shall begin, a time parameter is
set to a chosen value, preferably 250 seconds, and a
count-down immediately begins. Simultaneously, the
CPU starts to register pulses received on the I/O ports
51, 52, 53, 54 from the OR element 44 and the pulse
duration modifiers 41, 42, 43. A variable Var_port is set
with a value corresponding to the Geiger-Müller tube or
tubes, from where the pulse originate. Based on said
Var_port one of the variables Var_coinc, for registering
coincidental pulses; Var_1, for registering pulses origi-
nating from the first Geiger-Müller tube; and Var_2, for
registering pulses originating from the second tube, is
increased by 1. The separation of coincidental pulses is
performed in order to simplify the following calculations,
since coincidental pulses with very high probability do
not originate from the sample radiation. In fact, in the
case of the second tube being shielded from sample ra-
diation coincidental pulses can not originate from the
sample radiation.
[0050] When the sample radiation measurement time
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period has expired said time period is automatically ex-
tended in the case of a doubtful measuring result. A cer-
tain maximum extension time is pre-set in order to avoid
excessively long extension times.
[0051] After expiration of the sample measurement
period, including a possible extension period, the appa-
ratus returns to monitoring BGR and the amount of ra-
diation originating from the sample, D, is calculated by
CPU 50. In the case of the second Geiger-Müller tube
measuring background radiation only, this is accom-
plished according to the following equation

where

D1 = measured value of pulses generated in Gei-
ger-Müller tube 1 (sample),

D2 = measured value of pulses generated in Gei-
ger-Müller tube 2 (background),

BGR = mean value corresponding to background ra-
diation,

each value being normalised to a time period of 1 000
seconds.
[0052] Surprisingly, it has been found that the above-
mentioned specific way of considering the background
radiation improves the measurement accuracy consid-
erably.
[0053] In the case of both Geiger-Müller tubes meas-
uring sample radiation, the amount of radiation originat-
ing from the sample, D, is calculated according to the
following equation

where

D1 = measured value of pulses generated in Geiger-
Müller tube 1 (sample),

D2 = measured value of pulses generated in Geiger-
Müller tube 2 (sample),

BGR = mean value corresponding to background ra-
diation,

each value being normalised to a time period of 1 000
seconds.
[0054] According to an alternative method of the
present invention, in which both the first and the second
Geiger-Müller tubes 11, 12 measure sample radiation,
measuring of background radiation is also performed
during the sample radiation measurements by a third
Geiger-Müller tube 13. The registering of ionising events
in the third tube 13 is achieved in the same manner as
registering events from the first and second tubes 11,
12 as described above. Coincidental pulses are disre-

D = D1-D2 + BGR
2

----------------------------

D = D1 + D2 - BGR

garded in the same manner as described above, with
the difference that coincidental pulses refers to pulses
simultaneously obtained from all three Geiger-Müller
tubes.
[0055] In this case, the amount of radiation originating
from the sample, D, is calculated according to the fol-
lowing equation

where

D1 = measured value of pulses generated in Gei-
ger-Müller tube 1 (sample),

D2 = measured value of pulses generated in Gei-
ger-Müller tube 2 (sample),

D3 = measured value of pulses generated in Gei-
ger-Müller tube 2 (background),

BGR = mean value corresponding to background ra-
diation,

each value being normalised to a time period of 1 000
seconds.
[0056] The obtained value D, corresponding to the
amount of radiation emanating from the sample, in the
described methods according to the invention, is then
compared to two pre-set threshold values L1, L2 for
classification of the result. If the obtained sample radi-
ation value D is below the first threshold value L1 the
measurement result is classified as "Negative"; if the
sample radiation value D is above the second threshold
value L2 it is classified as "Positive". Hence, a value D
between said first and second threshold values L1, L2
is classified as "Uncertain". The classification result is
then presented on the display 61.

Claims

1. An apparatus (1) for measuring β-radiation emanat-
ing from a sample containing 14C, comprising

first and second radiation detectors (11, 12)
arranged for measuring said β-radiation and back-
ground radiation, said first and second detectors
being positioned substantially parallel with their re-
spective active surfaces (11a, 12a) facing each oth-
er in an aligned position, at a distance allowing for
temporary insertion of a sample device (6, 6I) of pla-
nar configuration in a measurement cavity (8) be-
tween the detectors (11, 12);

electronic processing means (50) for handling
decay pulses received from the radiation detectors
(11, 12), calculating from said pulses the β-radiation
originating from the sample and evaluating the re-
sult of said calculation, said electronic processing
means (50) comprising means for registering coin-
cidental pulses, coincidental pulses being pulses si-

D = D1 + D2 - D3 + BGR
2

------------------------------
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multaneously measured by said first and second ra-
diation detectors (11, 12); and

means for recording and/or displaying the re-
sults of said evaluation;

characterised by external shielding means
(7) enclosing the radiation detectors, said shielding
means (7) reducing background radiation present
in the measurement cavity (8), said shielding
means (7) being provided with an opening (5) for
receiving said sample device (6, 6I);

wherein said electronic processing means
comprises means for subtracting the number of co-
incidental pulses from the number of pulses meas-
ured by said radiation detectors (11, 12, 13) for per-
forming said calculation of β-radiation originating
from the sample.

2. An apparatus as claimed in claim 1, further compris-
ing a third radiation detector (13) for measuring
background radiation only.

3. An apparatus as claimed in claim 1, wherein said
second radiation detector (12) is provided for meas-
uring background radiation only.

4. An apparatus (1) as claimed in any one of the pre-
ceding claims, further comprising sample position
detecting means (16) for detecting whether an in-
serted sample device (6, 6I) is in the correct position
and has the correct orientation for measuring.

5. An apparatus (1) as claimed in any one of the pre-
ceding claims, wherein said radiation detectors (11,
12, 13) are Geiger-Müller tubes.

6. A combination of an apparatus (1) as claimed in any
one of claims 1, 2, 4 or 5 and a sample device (6I)
having a planar configuration and comprising a
sample carrier (6aI) and radiant sample matter (6bI)
carried by said sample carrier (6aI), said radiant
sample matter (6bI) being provided on said sample
carrier (6aI) such that sample radiation radiates
from both surface sides of said sample carrier (6aI),
said surface sides facing said first and second ra-
diation detectors (11, 12), when the sample device
(6I) has been inserted into said apparatus.

7. A combination of an apparatus (1) as claimed in any
one of claims 1-3 or 6 and a sample device (6) hav-
ing a planar configuration and comprising a sample
carrier (6a) and radiant sample matter (6b) carried
by said sample carrier (6a), said radiant sample
matter (6b) being provided on said sample carrier
(6a) such that sample radiation substantially only
radiates from one surface side of said sample car-
rier (6a), said one surface side facing said first ra-
diation detector (11) when the sample device (6)
has been inserted into said apparatus.

8. A method for measuring β-radiation emanating from
a sample containing 14C, comprising the steps of

inserting a sample into a measurement cavity
(8), between two aligned radiation detectors (11,12)
facing each other;

measuring, for a predetermined time period,
the respective number of output pulses originating
from ionising events occurring in the respective ra-
diation detectors (11, 12);

characterised by providing a first radiation
value (D1) obtained from the measured number of
pulses from said first detector (11), and a second
radiation value (D2) obtained from the measured
number of pulses from the second detector (12);

providing a sample radiation value (D) by sub-
tracting a background radiation value from the sum
of said first and second radiation values (D1, D2),
wherein said background radiation value is based
upon a historical background radiation value (BGR)
obtained prior to insertion of the sample;

wherein said first and second radiation values
(D1, D2) as well as said historical background radi-
ation value (BGR) are provided by taking the differ-
ence between the respective number of measured
pulses and the number of coincidental pulses of the
measured pulses, coincidental pulses being pulses
simultaneously measured by both radiation detec-
tors (11, 12); and

evaluating said sample radiation value (D),
thereby determining the amount of radiant matter in
the sample.

9. A method as claimed in claim 8, wherein said his-
torical background radiation value is obtained using
both said first and second radiation detectors.

10. A method as claimed in claim 8 or 9, further com-
prising the steps of

measuring, when the sample is inserted in the
measurement cavity, for a predetermined time pe-
riod, the number of output pulses originating from
ionising events occurring in a third radiation detec-
tor (13), said third detector being arranged in the
measurement cavity such that β-radiation originat-
ing from the sample does not reach said third de-
tector (13);

providing a third radiation value (D3) obtained
from the measured number of pulses from said third
detector (13); and

providing the background radiation value
based upon said historical background radiation
value (BGR) as well as said third radiation value
(D3).

11. A method as claimed in any one of claims 8-10,
wherein said historical background radiation is
measured and updated prior to insertion of a sam-
ple (6a, 6aI).
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12. A method as claimed in claim 11, wherein
said historical background radiation measure-

ment is performed during successive predeter-
mined time periods;

after each time period a value corresponding
to the number of ionising events measured during
that time period is stored in a memory, said memory
containing a predetermined number of successive
such values, while replacing the oldest value on a
first in first out basis; and

a mean value is calculated based upon such
stored values, preferably while excluding the high-
est value and the lowest value, said mean value be-
ing used as said historical background radiation val-
ue.

Patentansprüche

1. Vorrichtung (1) zum Messen von β-Strahlung, die
von einer Probe ausgesendet wird, die 14C enthält,
und die umfasst:

einen ersten und einen zweiten Strahlungsde-
tektor (11, 12), die zum Messen der β-Strahlung
und von Hintergrundstrahlung eingerichtet
sind, wobei der erste und der zweite Detektor
im Wesentlichen parallel angeordnet sind und
ihre jeweiligen aktiven Flächen (11 a, 12a) ein-
ander in einer ausgerichteten Position in einem
Abstand zugewandt sind, der das vorüberge-
hende Einführen einer Probeneinrichtung (6,
6') mit planer Form in einen Messhohlraum (8)
zwischen den Detektoren (11, 12) ermöglicht;

eine elektronische Verarbeitungseinrichtung
(50) zum Verarbeiten von Abklingimpulsen, die
von den Strahlungsdetektoren (11, 12) empfan-
gen werden, Berechnen der β-Strahlung, die
von der Probe ausgeht, anhand der Impulse
und Bewerten des Ergebnisses der Berech-
nung, wobei die elektronische Verarbeitungs-
einrichtung (50) eine Einrichtung zum Regi-
strieren koinzidenter Impulse umfasst und ko-
inzidente impulse Impulse sind, die gleichzeitig
von dem ersten und dem zweiten Strahlungs-
detektor (11, 12) gemessen werden; und

eine Einrichtung zum Aufzeichnen und/oder
Anzeigen der Ergebnisse der Bewertung;

gekennzeichnet durch eine externe Abschir-
meinrichtung (7), die die Strahlungsdetektoren
umschließt, wobei die Abschirmeinrichtung (7)
Hintergrundstrahlung reduziert, die in dem
Messhohlraum (8) vorhanden ist, und die Ab-
schirmeinrichtung (7) mit einer Öffnung (5) zum
Aufnehmen der Probeneinrichtung (6, 6I) ver-

sehen ist;

wobei die elektronische Verarbeitungseinrichtung
eine Einrichtung zum Subtrahieren der Anzahl ko-
inzidenter Impulse von der Anzahl durch die Strah-
lungsdetektoren (11, 12, 13) gemessener Impulse
umfasst, um die Berechnung der β-Strahlung
durchzuführen, die von der Probe ausgeht.

2. Vorrichtung nach Anspruch 1, die des Weiteren ei-
nen dritten Strahlungsdetektor (13) umfasst, der le-
diglich Hintergrundstrahlung misst.

3. Vorrichtung nach Anspruch 1, wobei der zweite
Strahlungsdetektor (12) lediglich zum Messen von
Hintergrundstrahlung vorhanden ist.

4. Vorrichtung (1) nach einem der vorangehenden An-
sprüche, die des weiteren eine Probenpositions-Er-
fassungseinrichtung (16) umfasst, die erfasst, ob
eine eingeführte Probeneinrichtung (6, 6') in der
richtigen Position ist und die richtige Ausrichtung
zum Messen hat.

5. Vorrichtung (1) nach einem der vorangehenden An-
sprüche, wobei die Strahlungsdetektoren (11, 12,
13) Geiger-Müller-Zählrohre sind.

6. Kombination aus einer Vorrichtung (1) nach einem
der Ansprüche.1, 2, 4 oder 5 und einer Probenein-
richtung (6I) mit einer planen Form, die einen Pro-
benträger (6a') und eine strahlende Probensub-
stanz (6b') umfasst, die von dem Probenträger (6a')
getragen wird, wobei die strahlende Probensub-
stanz (6b') so auf dem Probenträger (6a') vorhan-
den ist, dass die Probenstrahlung von beiden Ober-
flächenseiten des Probenträgers (6a') strahlt und
die Oberflächenseiten dem ersten und dem zweiten
Strahlungsdetektor (11, 12) zugewandt sind, wenn
die Probenvorrichtung (6') in die Vorrichtung einge-
führt worden ist.

7. Kombination aus einer Vorrichtung (1) nach einem
der Ansprüche 1-3 oder 6 und einer Probeneinrich-
tung (6) mit einer planen Form, die einen Proben-
träger (6a) und eine strahlende Probensubstanz
(6b) umfasst; die von dem Probenträger (6a) getra-
gen wird, wobei die strahlende Probensubstanz
(6b) so auf den Probenträger (6a) vorhanden ist,
dass Probenstrahlung im Wesentlichen nur von ei-
ner Oberflächenseite des Probenträgers (6a)
strahlt und die eine Oberflächenseite dem ersten
Strahlungsdetektor (11) zugewandt ist, wenn die
Probeneinrichtung (6) in die Vorrichtung eingeführt
worden ist.

8. Verfahren zum Messen von β-Strahlung, die von ei-
ner Probe ausgestrahlt wird, die 14C enthält, das die
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folgenden Schritte umfasst:

Einführen einer Probe in einen Messhohlraum
(8) zwischen zwei ausgerichteten Strahlungs-
detektoren (11, 12), die einander zugewandt
sind;

Messen der jeweiligen Anzahl von Ausgangs-
impulsen, die von lonisierungsereignissen aus-
gehen, die in den jeweiligen Strahlungsdetek-
toren (11, 12) stattfinden, über einen vorgege-
benen Zeitraum;

gekennzeichnet durch das Bereitstellen ei-
nes ersten Strahlungswertes (D1), der anhand
der gemessenen Anzahl von Impulsen von
dem ersten Detektor (11) ermittelt wird, und ei-
nes zweiten Strahlungswertes (D2), der an-
hand der gemessenen Anzahl von Impulsen
von dem zweiten Detektor (12) ermittelt wird;

Bereitstellen eines Proben-Strahlungswertes
(D) durch Subtrahieren eines Hintergrund-
strahlungswertes von der Summe aus dem er-
sten und dem zweiten Strahlungswert (D1, D2),
wobei der Hintergrundstrahlungswert auf ei-
nem historischen Hintergrundstrahlungswert
(BGR) basiert, der vor dem Einführen der Pro-
be ermittelt wird;

wobei der erste und der zweite Strahlungswert (D1,
D2) sowie der historische Hintergrundstrahlungs-
wert (BGR) bereitgestellt werden, indem die Diffe-
renz zwischen der jeweiligen Anzahl gemessener
Impulse und der Anzahl koinzidenter Impulse der
gemessenen Impulse berechnet wird, wobei koin-
zidente Impulse Impulse sind, die gleichzeitig von
beiden Strahlungsdetektoren (11, 12) gemessen
werden; und
Bewerten des Proben-Strahlungswertes (D), um so
die Menge an strahlender Substanz in der Probe zu
bestimmen.

9. Verfahren nach Anspruch 8, wobei der historische
Hintergrundstrahlungswert unter Verwendung, des
ersten und des zweiten Strahlungsdetektors ermit-
telt wird.

10. Verfahren nach Anspruch 8 oder 9, das des Weite-
ren die folgenden Schritte umfasst:

wenn die Probe in den Messhohlraum einge-
führt ist, Messen der Anzahl von Ausgangsim-
pulsen, die von lonisierungsereignissen ausge-
hen, die in einem dritten Strahlungsdetektor
(13) stattfinden, über einen vorgegebenen Zeit-
raum, wobei der dritte Detektor so in dem Mes-
shohlraum angeordnet ist, dass β-Strahlung,

die von der Probe ausgeht, den dritten Detektor
(13) nicht erreicht;

Erzeugen eines dritten Strahlungswertes (D3),
der anhand der gemessenen Anzahl von Impul-
sen von dem dritten Detektor (13) ermittelt wird;
und

Erzeugen des Hintergrundstrahlungswertes
auf Basis des historischen Hintergrundstrah-
lungswertes (BGR) sowie des dritten Strah-
lungswertes (D3).

11. Verfahren nach einem der Ansprüche 8-10, wobei
die historische Hintergrundstrahlung vor dem Ein-
führen einer Probe (6a, 6a') gemessen und aktua-
lisiert wird.

12. Verfahren nach Anspruch 11, wobei:

die Messung der historischen Hintergrund-
strahlung während aufeinanderfolgender vor-
gegebener Zeiträume durchgeführt wird;

nach jedem Zeitraum ein Wert, der der Anzahl
von lonisierungsereignissen entspricht, die
während dieses Zeitraums gemessen werden,
in einem Speicher gespeichert wird, wobei der
Speicher eine vorgegebene Anzahl aufeinan-
derfolgender dieser Werte enthält und dabei
der älteste Wert entsprechend einem Durch-
rückprinzip ersetzt wird; und

ein Mittelwert auf Basis dieser gespeicherten
Werte berechnet wird, wobei vorzugsweise der
höchste Wert und der niedrigste Wert ausge-
schlossen werden und der Mittelwert als der hi-
storische Hintergrundstrahlungswert verwen-
det wird.

Revendications

1. Appareil (1) pour mesurer un rayonnement β éma-
nant d'un échantillon contenant du 14C,
comprenant :

des premier et second détecteurs de rayonne-
ment (11, 12) disposés pour mesurer ledit
rayonnement β et un rayonnement d'arrière-
plan, lesdits premier et second détecteurs étant
positionnés substantiellement parallèlement à
leurs surfaces actives respectives (11a, 12a)
en regard l'une de l'autre dans une position ali-
gnée, à une distance permettant l'insertion
temporaire d'un dispositif d'échantillon (6,6I) de
configuration planar dans une cavité de mesure
(8) entre les détecteurs (11, 12) ;
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un moyen de traitement électronique (50) pour
gérer des impulsions de retard reçues des dé-
tecteurs de rayonnement (11, 12), calculant à
partir desdites impulsions le rayonnement β
émanant de l'échantillon et évaluant le résultat
dudit calcul, ledit moyen de traitement électro-
nique (50) comprenant un moyen pour enregis-
trer des impulsions coïncidentes, les impul-
sions coïncidentes étant des impulsions mesu-
rées simultanément par lesdits premier et se-
cond détecteurs de rayonnement (11, 12) ; et
un moyen pour enregistrer et/ou afficher les ré-
sultats de ladite évaluation ;

caractérisé par un moyen de blindage exter-
ne (7) comprenant contenant les détecteurs de
rayonnement, ledit moyen de blindage (7) réduisant
le rayonnement d'arrière-plan présent dans la cavi-
té de mesure (8), ledit moyen de blindage (7) étant
pourvu d'une ouverture (5) pour recevoir ledit dis-
positif d'échantillon (6, 6I) ;

dans lequel ledit moyen de traitement électro-
nique comprend un moyen pour soustraire le nom-
bre d'impulsions coïncidentes du nombre d'impul-
sions mesurées par lesdits détecteurs de rayonne-
ment (11, 12, 13) pour réaliser ledit calcul du rayon-
nement β émanant de l'échantillon.

2. Appareil selon la revendication 1, comprenant en
outre un troisième détecteur de rayonnement (13)
pour mesurer seulement un rayonnement d'arrière-
plan.

3. Appareil selon la revendication 1, dans lequel ledit
second détecteur de rayonnement (12) est fourni
pour seulement mesurer un rayonnement d'arrière-
plan.

4. Appareil (1) selon l'une quelconque des revendica-
tions précédentes, comprenant en outre un moyen
de détection de position d'échantillon (16) pour dé-
tecter si un dispositif d'échantillon inséré (6, 6I) est
dans la position correcte et a l'orientation correcte
pour la mesure.

5. Appareil (1) selon l'une quelconque des revendica-
tions précédentes, dans lequel lesdits détecteurs
de rayonnement (11, 12, 13) sont des tubes de Gei-
ger Müller.

6. Combinaison d'un appareil (1) selon l'une quelcon-
que des revendications 1, 2, 4, ou 5 et d'un dispositif
d'échantillon (6I) ayant une configuration planar et
comprenant un porte-échantillon (6aI) et un objet
d'échantillon rayonnant (6bI) porté par ledit porte-
échantillon (6aI), ledit objet d'échantillon rayonnant
(6bI) étant placé sur ledit porte-échantillon (6aI)
pour que le rayonnement d'échantillon rayonne des

deux côtés de surface dudit porte-échantillon (6aI),
lesdits côtés de surface étant en regard desdits pre-
mier et second détecteurs de rayonnement (11, 12)
lorsque le dispositif d'échantillon (6I) a été inséré
dans ledit appareil.

7. Combinaison d'un appareil (1) selon l'une quelcon-
que des revendications 1 à 3 ou 6 et d'un dispositif
d'échantillon (6) ayant une configuration planar et
comprenant un porte-échantillon (6a) et un objet
d'échantillon rayonnant (6b) porté par ledit porte-
échantillon (6a), ledit objet d'échantillon rayonnant
(6b) étant placé sur ledit porte-échantillon (6a) pour
que le rayonnement d'échantillon rayonne substan-
tiellement seulement d'un côté de surface dudit por-
te-échantillon (6a), ledit côté de surface étant en re-
gard dudit premier détecteur de rayonnement (11)
lorsque le dispositif d'échantillon (6) a été inséré
dans ledit appareil.

8. Procédé pour mesurer un rayonnement β émanant
d'un échantillon contenant du 14C, comprenant les
étapes de :

insertion d'un échantillon dans une cavité de
mesure (8), entre deux détecteurs de rayonne-
ment alignés (11, 12) en regard l'un de l'autre ;
mesure, pendant une période de temps prédé-
terminée, du nombre réceptif d'impulsions de
sortie émanant des évènements ionisants se
produisant dans les détecteurs de rayonne-
ment respectifs (11, 12) ;

caractérisé par la fourniture d'une première
valeur de rayonnement (D1) obtenue du nombre
mesuré d'impulsions dudit premier détecteur (11),
et d'une seconde valeur de rayonnement (D2) ob-
tenue du nombre mesuré d'impulsions dudit second
détecteur (12) ;

la fourniture d'une valeur de rayonnement
d'échantillon (D) en soustrayant une valeur de
rayonnement d'arrière-plan de la somme desdites
première et seconde valeurs de rayonnement (D1,
D2), dans lequel ladite valeur de rayonnement d'ar-
rière-plan est sur la base d'une valeur de rayonne-
ment d'arrière-plan historique (BGR) obtenue avant
d'insérer l'échantillon ;

dans lequel lesdites première et seconde va-
leurs de rayonnement (D1, D2) ainsi que ladite va-
leur de rayonnement d'arrière-plan historique
(BGR) sont fournies en prenant la différence entre
le nombre respectif d'impulsions mesurées et le
nombre d'impulsions coïncidentes des impulsions
mesurées, les impulsions coïncidentes étant des
impulsions mesurées simultanément par les deux
détecteurs de rayonnement (11, 12) ; et

évaluation de ladite valeur de rayonnement
d'échantillon (D), déterminant ainsi la quantité d'ob-
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jets rayonnants dans l'échantillon.

9. Procédé selon la revendication 8, dans lequel ladite
valeur de rayonnement d'arrière-plan historique est
obtenue en utilisant à la fois lesdits premier et se-
cond détecteurs.

10. Procédé selon la revendication 8 ou 9, comprenant
en outre les étapes de :

mesure, lorsque l'échantillon est inséré dans la
cavité de mesure, pendant une période de
temps prédéterminée, du nombre d'impulsions
dé sortie émanant des évènements ionisants
se produisant dans un troisième détecteur de
rayonnement (13), ledit troisième détecteur
étant disposé dans la cavité de mesure de sorte
que le rayonnement β émanant de l'échantillon
n'atteint pas ledit troisième détecteur (13) ;
fourniture d'une troisième valeur de rayonne-
ment (D3) obtenue du nombre mesuré d'impul-
sions dudit troisième détecteur (13) ; et
fourniture d'une valeur de rayonnement d'arriè-
re-plan sur la base de la valeur de rayonnement
d'arrière-plan historique (BGR) ainsi que de la-
dite troisième valeur de rayonnement (D3).

11. Procédé selon l'une quelconque des revendications
8 à 10, dans lequel ledit rayonnement d'arrière-plan
historique est mesuré et mis à jour avant d'insérer
un échantillon (6a, 6aI).

12. Procédé selon la revendication 11, dans lequel la-
dite mesure de rayonnement d'arrière-plan histori-
que est réalisée pendant des périodes de temps
prédéterminées successives ;

après chaque période de temps; une valeur
correspondant au nombre d'évènements ionisants
mesurés pendant cette période de temps est stoc-
kée dans une mémoire, ladite mémoire contenant
un nombre prédéterminé de ces valeurs successi-
ves, tout en remplaçant la valeur la plus élevée sur
une base de premier entré, premier sorti ;

une valeur moyenne est calculée sur la base
de ces valeurs stockées, tout en excluant préféra-
blement la valeur la plus élevée et la valeur la plus
petite, ladite valeur moyenne étant utilisée comme
ladite valeur de rayonnement d'arrière-plan histori-
que.

23 24



EP 1 032 849 B1

14



EP 1 032 849 B1

15



EP 1 032 849 B1

16



EP 1 032 849 B1

17



EP 1 032 849 B1

18



EP 1 032 849 B1

19



EP 1 032 849 B1

20



EP 1 032 849 B1

21



EP 1 032 849 B1

22



EP 1 032 849 B1

23


	bibliography
	description
	claims
	drawings

