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GM counters are often used in radiation detection since they generate a strong signal which
can be easily detected. The working principal of a GM counter is based on the interaction of
ionizing radiation with the atoms and molecules of the gas present in the counter’s tube. Free
electrons created as a result of this interaction become initial electrons, . e. start an avalanche
process which is detected as a pulse of current. This current pulse is independent of the energy
imparted on the gas, that being the main difference between a GM counter and the majority of
other radiation detectors. In literature, the dependence on the incidence of radiation energy,
tube’s orientation and characteristics of the reading system are quoted as the main sources of
measurement uncertainty of GM counters. The aim of this paper is to determine the depend-
ence of measurement uncertainty of a GM counter on the volume of its counter’s tube. The
dependence of the pulse current on the size of the counter’s tube has, therefore, been consid-
ered here, both in radial and parallel geometry. The initiation and expansion of the current
pulse have been examined by means of elementary processes of electrical discharge such as the
Markov processes, while the changes in the counter’s tube volume were put to test by the
space - time enlargement law. The random variable known as the “current pulse in the coun-
ter’s tube” (7. e. electrical breakdown of the electrode configuration) has also been taken into
account and an appropriate theoretical distribution statistically determined. Thus obtained
theoretical results were then compared to corresponding experimental results established in

controlled laboratory conditions.
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INTRODUCTION

According to the known characteristics of a GM
counter [1], by detecting ionizing radiation, potential
sources of measurement uncertainty can be identified: the
dependence on energy and incident angle of radiation,
counter dead time, reading system (resolution of the instru-
ment), instrument calibration errors, influence of back-
ground radiation, uncertainty arising from the measurement
process (counting impulses), influence of the overvoltage
phenomenon in electronic devices (their wire structures)
generated by the induction of overvoltage upon the electro-
magnetic rays which are a consequence of electromagnetic
radiation in the environment where the measurements are
performed (this phenomenon being especially marked in
urban environments). In essence, the functioning of a GM
counter is based on the self-sustained avalanche gaseous ef-
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fect, and in that sense, the energy of incident radiation deter-
mines the number of free, potentially initial electrons in the
counter’s tube, contributing significantly to the stochastic
response of the counter and, in fact, to the statistical dis-
charge time [2], thus directly determining the nature of type
Auncertainty. The angle of incident radiation contributes to
type A uncertainty in a similar way, because the number and
position of free electrons depend on this angle, this being es-
pecially marked in a tube with a coaxial electric field [3].
The dead time of a counter is a source of type B or com-
bined uncertainty which depends on the determining
method. Determining the dead time by recording pulses at
the counter’s output can be conditionally arranged to type B
uncertainty and determining dead time by the two sources
method has to be considered as a combined uncertainty, be-
cause the stochastic nature of radioactive decay has to be
taken in consideration. An applied reading system is a
source of type B uncertainty and depends on the resolution
of the counter’s technological solution, as well as on the true
value of the measured variable (the electrical discharge
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throughout the counter’s tube which is of analog nature)
and is symmetrically arranged throughout the digital read-
ing and, in fact, uniformly distributed in intervals between
n—1/2 and n+ 1/2 digits [4]. The uncertainty due to instru-
ment calibration is of type B and almost always a compo-
nent of uncertainty arising from systemic effects. Back-
ground cosmic radiation is a source of combined
uncertainty and the determination of this kind of uncertainty
is the most difficult one because of its fluctuation and en-
ergy structure. The contribution of background radiation to
uncertainty can be decreased by applying anticoincidence
protection and by background radiation correction, but it
can never be completely eliminated [5]. The uncertainty of
counting impulses from a radioactive source is of type A,
because the deexcitation of a nucleus is completely random
and nothing can determine the deexcitation moment. In
other words, it is impossible to connect deexcitation with
any measuring law: all processes initiated in this manner are
of a stochastic nature and to be associated with the Gaussian
distribution (because of the possible time balance of their
occurrence) [6]. The minimization of electronic compo-
nents and, to an even greater extent, the exposure to envi-
ronmental electromagnetic radiation, lead to frequent oc-
currences of overvoltages within electronic devices of GM
counters which can, independently of the counter’s tube,
trigger the reading system and in that way cause type A un-
certainty. The influence of this source of uncertainty can be
decreased by applying overvoltage protection of electronic
devices (co-ordination of isolations at a low voltage level)
and/or by performing measurements in an area protected
from electromagnetic radiation (over 100 dB protection).

TUBE VOLUME REDUCTION

Since the probability of a self-sustained dis-
charge occurrence is geometrical by nature, tube vol-
ume reduction causes the reduction of the Geiger dis-
charge occurrence probability.

In order to describe this effect using a mathemat-
ical model, it is suitable to present tube volume reduc-
tion as areduction of the capacitor’s interelectrode gap
in following two steps: 1 —n times reduction in the di-
rection of the z-axes and 2 — m times reduction in the
xy-plane (electrode surface).

The first step, i. e. the determination of the pulse
number and its deviation from the function of
interelectrode gap reduction is based on gas discharge
development as a Markov process [7]. A free electron
becomes an initial electron when it finds itself within
the critical volume where it can take enough energy
from the electrical field to start an avalanche process.

The interelectrode gap reduction, followed by a
lowering of operational voltage and/or increase in
pressure, causes critical volume reduction, according
to the similarity law [7, 8], where the number of elec-
trons activated by the primary ionization increases fol-
lowing an increase in gas density. The result of these

two effects is a less stochastic primary ionization posi-
tion within a smaller interelectrode gap. Taking into
account mentioned effects, the change of a pulse num-
ber and its standard deviation, with a n times reduction
of the interelectrode gap, can be expressed as [8, 9]
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where parameter 7 is higher than zero.

Second step, i. e. tube reduction in the xy-plane is
based on presenting the starting system as a capacitor
or, in fact, as a parallel connection of m identical capaci-
tors, equivalent to the said capacitor. Non-breakdown
probability, i. e. no Geiger discharge, in the starting sys-
tem presupposes non-breakdown of all m subsystems,
meaning that the value of the breakdown voltage U, , is
higher than the value of operational voltage U. In the
case of a discrete random variable with two possible
events (breakdown and non-breakdown), the problem
can be presented through constant voltage testing. The
critical volume of both two-electrode systems is pro-
portional to the voltage applied, with no respect to the
electrode configuration [ 10-12]. Therefore, the random
number of breakdown, i. e. the number of pulses and the
standard deviation of the reduced size tube in the
xy-plane can be expressed as [8, 9]
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Summing the effects of a tube volume reduction
of n times in the z-axes direction and m times in the
xy-plane gives
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THE EXPERIMENT

Two types of tubes were used in the experiment.
Type 1 tube was used for analyzing the influence of the
interelectrode gap on measurement uncertainty of type A.
This tube was made out of glass and filled with He gas
with a pressure of 50 mbar where the cylindrical shape of
electrodes ensured a homogeneous electrical field
(plain-parallel configuration). The interelectrode gap had
values of 0,1 mm, 0,3 mm, 0,5 mm, 1 mm, 3 mm, 5 mm,
and 10 mm where the ratio of the interelectrode gap and
cylindrical electrode radius was constant. Type 2 tube was
a commercial tube made in two variants (2a — coaxial ge-
ometry and 2b — plain-parallel geometry). This type was
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used for measuring the influence of size change in the

xy-plane.

The experimental procedure for testing the influ-
ence of tube reduction in the z-axis direction on mea-
surement uncertainty consisted of the following steps:
— measuring the pulse number for 5 minutes,

— measuring the dead time of the GM counter by a
two sources method,

— repeating steps 1 and 2 fifty times,

— measuring the background radiation for an hour,

— onestep of tube reduction in the z-axis direction, and

— repeating the procedure.

The experimental procedure for testing the influ-
ence of tube reduction in the xy-plane on measurement
uncertainty consisted of the following steps:

— measuring the pulse number for 5 minutes,

— measuring the dead time of the GM counter by a
two sources method,

— repeating steps 1 and 2 fifty times,

— measuring the background radiation for an hour,

— one step of tube reduction in the xy-plane, and

— repeating the procedure.

The obtained results were then processed by a sta-
tistical calculation consisting of the following steps:

— pulse number correction due to background radia-
tion and dead time of counter,

— formation of the statistical sample composed of 50
values of the random variable “mean value of
pulse number” and an appropriate statistical sam-
ple composed of 50 values of the random variable
“counter’s dead time” for all series of measure-
ments (for all sizes of the tube used),

— the use of Chauvenet’s criterion for rejecting spu-
rious measurement results,

— U-test with a 5% significance level was employed
to establish whether random variables belonged to
the same random variable,

—  x* -test and graphical test were applied for testing
the random variables on belonging to normal,
Weibull, and double-exponential distribution, and

— the determination of measurement uncertainty of
type A for statistical samples: comparison of
quantitatively and qualitatively obtained values of
measurement uncertainty of type A, determined
experimentally with theoretically expected values
according to the enlargement law [8, 9].

EXPERIMENTAL RESULTS

Figures 1 and 2 show results obtained for the
mean value and standard deviation of the detected
pulse number with respect to the counter’s tube reduc-
tion, where an americium source is used. Figures 3 and
4 show results obtained for the mean value and stan-
dard deviation of the detected pulse number with re-
spect to the counter’s tube reduction, where a caesium
source is used.
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Figure 1. Detected mean value of the pulse number using
an americium source (**'Am)
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Figure 2. Standard deviation of the pulse number using
an americium source (**'Am)

The agreement of experimental and theoretical
results has been achieved for the mean value of the
pulse number (figs. 1 and 3) where the applicability of
the enlargement law (reduction, in our case) has been
approved. The discrepancy between the theoretically
expected effects of reduction (or enlargement) and the
results obtained experimentally can be noticed in figs.
2 and 4, where the standard deviation of the pulse
number is shown.

CONCLUSION

The agreement of experimental and theoretical
results has been achieved for the mean value of the
pulse number detected, where the discrepancy be-
tween the theoretically expected standard deviation
and the experimentally obtained values has been
found. This could be the consequence of the radiation
energy emitted from the sources used and the angle of
incidence energy, but this remains to be investigated.
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Figure 3. Detectede mean value of the pulse number
using a caesium source (¥"Ce)
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Figure 4. Standard deviation of the pulse number using a
caesium source (*’Ce)
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Koswbka b. CTAHKOBWHR, Munom /b. BYJUCHh, /byounko . AEJINH

YTUIAJ TUMEH3UJA BPOJAUYKE HEBU I'M BPOJAYA
HA MEPHY HECUTI'YPHOCT

I'M 6pojat ce 4ecTo KOPHUCTH Y ICTEKIHj I 3padcha MOIITO TeHEPHUIIIE jaK CUTHAI KOjU CE MOKE JIAaKO
nerekroBaTh. [1pmHtmm paga ' 6pojada 3acHIBa ce HA jOHN3AIMOHO] MHTEPAKIW)H 3padeha ca aTOMAMa 1
MOJIEKyJIIMa raca y 6pojauxoj reBu. CI1o60HI eTIEKTPOHH, HACTAIIM Ko PE3YJITaT OBUX MHTEPAKIIN]a, TOCTA]y
VHUALMjATHU eJIEKTPOHU KOju MOKpehy JaBMHCKH MpoIeC JeTeKTOBaH Kao CTpyjHu ummysc. OBaj cTpyjHH
UMITYJIC HE 3aBUCH Off EHEPTHje MpefiaTe racy, IITo NpeficTaBba OCHOBHY pa3inky uamMeby I'M 6pojaua u Behune
IPYTHUX AeTeKTOopa 3pauema. Kao riasam m3sopn MepHe HecurypHoct I'M 6pojada, y muTepaTypu ce HaBOfE
3aBHCHOCT O] eHEeprHje MHIMJCHTHOT 3pavekha, OpHjeHTalje Opojauke IEeBH U CHCTEMa 3a ounTaBame. Lnb
OBOT pajia je J1a ce Ofpelu yTUllaj TuMeH3uja Opojauke [eBr Ha MepHy HecurypHocT I'M 6pojaua. 13 Tor
pasiora pasmarpa ce 3aBICHOCT (hOpMHparha CTPYjHOT UMITYJICa Y OfHOCY Ha IIMEH3Hje OpojauKe IeBU, KaKO y
pajiijaHOj TaKO W y MapajielHoj] TeoMeTpuju. VHnnumjanmja u pa3Boj CTPYjHOT UMITyJica TPETHPAjy ce KpPo3
eJIeMEHTapHEe IMpOIlece eNEKTPHYHOT MPaXkKimbekha Kao MapKOBIBEBH IPOLECH, IOK ce MPOMEHa ANMEH3H]ja
Opojauke 1IeBM pa3MaTpa IPeKo MPOCTOPHO-BPEMEHCKOT 3aKOHa nopacTa. CiyyajHa MpoMeHIbUBA “CTPYjHU
uMIysc y Opojadkoj neu” (TO jecT, eEeKTPUYHN Mpo0O] eNEKTPOIHEe KOH(UIypanuje), CTAaTUCTHIKA Ce
rocMaTpa M Ha OCHOBY Tora ofipebyje ce ogrosapajyha Teopujcka pacnopesna. Teopujcku fo6ujeHn pe3yaTaTn
ynopebenn cy ca onroBapajyhnM eKCrieprMEHTAHIM pe3yJITaTuMa T0OUjeHIM HOJ] TOOPO KOHTPOIUCAHUM
71a60PaTOPHUjCKUM YCIOBHMA.

Kwyune peuu: I'M 6pojau, 3akon iiopacitia, mepHa HecuZypHocill




