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GM coun ters are of ten used in ra di a tion de tec tion since they gen er ate a strong sig nal which
can be eas ily de tected. The work ing prin ci pal of a GM coun ter is based on the in ter ac tion of
ion iz ing ra di a tion with the at oms and mol e cules of the gas pres ent in the coun ter’s tube. Free
elec trons cre ated as a re sult of this in ter ac tion be come ini tial elec trons, i. e. start an av a lanche
pro cess which is de tected as a pulse of cur rent. This cur rent pulse is in de pend ent of the en ergy
im parted on the gas, that be ing the main dif fer ence be tween a GM coun ter and the ma jor ity of 
other ra di a tion de tec tors. In lit er a ture, the de pend ence on the in ci dence of ra di a tion en ergy,
tube’s ori en ta tion and char ac ter is tics of the read ing sys tem are quoted as the main sources of
mea sure ment un cer tainty of GM coun ters. The aim of this pa per is to de ter mine the de pend -
ence of mea sure ment un cer tainty of a GM coun ter on the vol ume of its coun ter’s tube. The
de pend ence of the pulse cur rent on the size of the coun ter’s tube has, there fore, been con sid -
ered here, both in ra dial and par al lel ge om e try. The ini ti a tion and ex pan sion of the cur rent
pulse have been ex am ined by means of el e men tary pro cesses of elec tri cal dis charge such as the
Markov pro cesses, while the changes in the coun ter’s tube vol ume were put to test by the
space – time en large ment law. The ran dom vari able known as the “cur rent pulse in the coun -
ter’s tube” (i. e. elec tri cal break down of the elec trode con fig u ra tion) has also been taken into
ac count and an ap pro pri ate the o ret i cal dis tri bu tion sta tis ti cally de ter mined. Thus ob tained
the o ret i cal re sults were then com pared to cor re spond ing ex per i men tal re sults es tab lished in
con trolled lab o ra tory con di tions.
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IN TRO DUC TION

Ac cord ing to the known char ac ter is tics of a GM
coun ter [1], by de tect ing ion iz ing ra di a tion, po ten tial
sources of mea sure ment un cer tainty can be iden ti fied: the
de pend ence on en ergy and in ci dent an gle of ra di a tion,
coun ter dead time, read ing sys tem (res o lu tion of the in stru -
ment), in stru ment cal i bra tion er rors, in flu ence of back -
ground ra di a tion, un cer tainty aris ing from the mea sure ment 
pro cess (count ing im pulses), in flu ence of the overvoltage
phe nom e non in elec tronic de vices (their wire struc tures)
gen er ated by the in duc tion of overvoltage upon the elec tro -
mag netic rays which are a con se quence of elec tro mag netic
ra di a tion in the en vi ron ment where the mea sure ments are
per formed (this phe nom e non be ing es pe cially marked in
ur ban en vi ron ments). In es sence, the func tion ing of a GM
coun ter is based on the self-sus tained av a lanche gas eous ef -

fect, and in that sense, the en ergy of in ci dent ra di a tion de ter -
mines the num ber of free, po ten tially ini tial elec trons in the
coun ter’s tube, con trib ut ing sig nif i cantly to the sto chas tic
re sponse of the coun ter and, in fact, to the sta tis ti cal dis -
charge time [2], thus di rectly de ter min ing the na ture of type
A un cer tainty. The an gle of in ci dent ra di a tion con trib utes to
type A un cer tainty in a sim i lar way, be cause the num ber and 
po si tion of free elec trons de pend on this an gle, this be ing es -
pe cially marked in a tube with a co ax ial elec tric field [3].
The dead time of a coun ter is a source of type B or com -
bined un cer tainty which de pends on the de ter min ing
method. De ter min ing the dead time by re cord ing pulses at
the coun ter’s out put can be con di tion ally ar ranged to type B
un cer tainty and de ter min ing dead time by the two sources
method has to be con sid ered as a com bined un cer tainty, be -
cause the sto chas tic na ture of ra dio ac tive de cay has to be
taken in con sid er ation. An ap plied read ing sys tem is a
source of type B un cer tainty and de pends on the res o lu tion
of the coun ter’s tech no log i cal so lu tion, as well as on the true 
value of the mea sured vari able (the elec tri cal dis charge
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through out the coun ter’s tube which is of an a log na ture)
and is sym met ri cally ar ranged through out the dig i tal read -
ing and, in fact, uni formly dis trib uted in  in ter vals  be tween
n – 1/2 and  n + 1/2 dig its [4]. The un cer tainty due to in stru -
ment cal i bra tion is of type B and al most al ways a com po -
nent of un cer tainty aris ing from sys temic ef fects. Back -
ground cos mic ra di a tion is a source of com bined
un cer tainty and the de ter mi na tion of this kind of un cer tainty 
is the most dif fi cult one be cause of its fluc tu a tion and en -
ergy struc ture. The con tri bu tion of back ground ra di a tion to
un cer tainty can be de creased by ap ply ing anti co inci dence
pro tec tion and by back ground ra di a tion cor rec tion, but it
can never be com pletely elim i nated [5]. The un cer tainty of
count ing im pulses from a ra dio ac tive source is of type A,
be cause the deexcitation of a nu cleus is com pletely ran dom
and noth ing can de ter mine the deexcitation mo ment. In
other words, it is im pos si ble to con nect deexcitation with
any mea sur ing law: all pro cesses ini ti ated in this man ner are 
of a sto chas tic na ture and to be as so ci ated with the Gaussi an 
dis tri bu tion (be cause of the pos si ble time bal ance of their
oc cur rence) [6]. The minimization of elec tronic com po -
nents and, to an even greater ex tent, the ex po sure to en vi -
ron men tal elec tro mag netic ra di a tion, lead to fre quent oc -
cur rences of overvoltages within elec tronic de vices of GM
coun ters which can, in de pend ently of the coun ter’s tube,
trig ger the read ing sys tem and in that way cause type A un -
cer tainty. The in flu ence of this source of un cer tainty can be
de creased by ap ply ing overvoltage pro tec tion of elec tronic
de vices (co-or di na tion of isolations at a low volt age level)
and/or by per form ing mea sure ments in an area pro tected
from elec tro mag netic ra di a tion (over 100 dB pro tec tion).

TUBE VOL UME RE DUC TION

Since the prob a bil ity of a self-sus tained dis -
charge oc cur rence is geo met ri cal by na ture, tube vol -
ume re duc tion causes the re duc tion of the Gei ger dis -
charge oc cur rence prob a bil ity.

In or der to de scribe this ef fect us ing a math e mat -
i cal model, it is suit able to pres ent tube vol ume re duc -
tion as a re duc tion of the ca pac i tor’s interelectrode gap 
in fol low ing two steps: 1 – n  times re duc tion in the di -
rec tion of the z-axes and 2 – m times re duc tion in the
xy-plane (elec trode sur face).

The first step, i. e. the de ter mi na tion of the pulse
num ber and its de vi a tion from the func tion of
interelectrode gap re duc tion is based on gas dis charge
de vel op ment as a Markov pro cess [7]. A free elec tron
be comes an ini tial elec tron when it finds it self within
the crit i cal vol ume where it can take enough en ergy
from the elec tri cal field to start an av a lanche pro cess.

The interelectrode gap re duc tion, fol lowed by a
low er ing of op er a tional volt age and/or in crease in
pres sure, causes crit i cal vol ume re duc tion, ac cord ing
to the sim i lar ity law [7, 8], where the num ber of elec -
trons ac ti vated by the pri mary ion iza tion in creases fol -
low ing an in crease in gas den sity. The re sult of these

two ef fects is a less sto chas tic pri mary ion iza tion po si -
tion within a smaller interelectrode gap. Tak ing into
ac count men tioned ef fects, the change of a pulse num -
ber and its stan dard de vi a tion, with a n times re duc tion
of the interelectrode gap, can be ex pressed as [8, 9]
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where pa ram e ter r is higher than zero.
Sec ond step, i. e. tube re duc tion in the xy-plane is

based on pre sent ing the start ing sys tem as a ca pac i tor
or, in fact, as a par al lel con nec tion of m iden ti cal ca pac i -
tors, equiv a lent to the said ca pac i tor. Non-break down
prob a bil ity, i. e. no Gei ger dis charge, in the start ing sys -
tem pre sup poses non-break down of all m sub sys tems,
mean ing that the value of the break down volt age Um is
higher than the value of op er a tional volt age U. In the
case of a dis crete ran dom vari able with two pos si ble
events (break down and non-break down), the prob lem
can be pre sented through con stant volt age test ing. The
crit i cal vol ume of both two-elec trode sys tems is pro -
por tional to the volt age ap plied, with no re spect to the
elec trode con fig u ra tion [10-12]. There fore, the ran dom
num ber of break down, i. e. the num ber of pulses and the 
stan dard de vi a tion of the re duced size tube in the
xy-plane can be ex pressed as [8, 9]
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Sum ming the ef fects of a tube vol ume re duc tion
of n times in the z-axes di rec tion and m times in the
xy-plane gives
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THE EX PER I MENT

Two types of  tubes  were  used  in the ex per i ment.
Type 1 tube was used for an a lyz ing the in flu ence of the
interelectrode gap on mea sure ment un cer tainty of type A.
This  tube  was  made  out  of  glass  and  filled  with He gas
with a pres sure of 50  mbar where  the  cy lin dri cal shape of
elec trodes en sured a ho mo ge neous elec tri cal field
(plain-par al lel con fig u ra tion). The interelectrode gap had 
val ues  of  0,1 mm,  0,3 mm, 0,5 mm, 1 mm, 3 mm, 5 mm,
and 10 mm where the ra tio of the interelectrode gap and
cy lin dri cal elec trode ra dius was con stant. Type 2 tube was
a com mer cial tube made in two vari ants (2a – co ax ial ge -
om e try and 2b – plain-par al lel ge om e try). This type was

K. Dj. Stankovi}, et al.: In flu ence of Tube Vol ume on Mea sure ment Un cer tainty ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2010, Vol. 25, No. 1, pp. 46-50 47



used for mea sur ing the in flu ence of size change in the
xy-plane.

The ex per i men tal pro ce dure for test ing the in flu -
ence of tube re duc tion in the z-axis di rec tion on mea -
sure ment un cer tainty con sisted of the fol low ing steps:
– mea sur ing the pulse num ber for 5 min utes,
– mea sur ing the dead time of the GM coun ter by a

two sources method,
– re peat ing steps 1 and 2 fifty times,
– mea sur ing the back ground ra di a tion for an hour,
– one step of tube re duc tion in the z-axis di rec tion, and
– re peat ing the pro ce dure.

The ex per i men tal pro ce dure for test ing the in flu -
ence of tube re duc tion in the xy-plane on mea sure ment 
un cer tainty con sisted of the fol low ing steps:
– mea sur ing the pulse num ber for 5 min utes,
– mea sur ing the dead time of the GM coun ter by a

two sources method,
– re peat ing steps 1 and 2 fifty times,
– mea sur ing the back ground ra di a tion for an hour,
– one step of tube re duc tion in the xy-plane, and
– re peat ing the pro ce dure.

The ob tained re sults were then pro cessed by a sta -
tis ti cal cal cu la tion con sist ing of the fol low ing steps:
– pulse num ber cor rec tion due to back ground ra di a -

tion and dead time of coun ter,
– for ma tion of the sta tis ti cal sam ple com posed of 50 

val ues of the ran dom vari able “mean value of
pulse num ber” and an ap pro pri ate sta tis ti cal sam -
ple com posed of 50 val ues of the ran dom vari able
“coun ter’s dead time” for all se ries of mea sure -
ments (for all sizes of the tube used),

– the use of Chauvenet’s cri te rion for re ject ing spu -
ri ous mea sure ment re sults,

– U-test with a 5% sig nif i cance level was em ployed
to es tab lish whether ran dom vari ables be longed to 
the same ran dom vari able,

– c2 -test and graph i cal test were ap plied for test ing
the ran dom vari ables on be long ing to nor mal,
Weibull, and dou ble-ex po nen tial dis tri bu tion, and

– the de ter mi na tion of mea sure ment un cer tainty of
type A for sta tis ti cal sam ples: com par i son of
quan ti ta tively and qual i ta tively ob tained val ues of 
mea sure ment un cer tainty of type A, de ter mined
ex per i men tally with the o ret i cally ex pected val ues 
ac cord ing to the en large ment law [8, 9].

EX PER I MEN TAL RE SULTS

Fig ures 1 and 2 show re sults ob tained for the
mean value and stan dard de vi a tion of the de tected
pulse num ber with re spect to the coun ter’s tube re duc -
tion, where an am er i cium source is used. Fig ures 3 and 
4 show re sults ob tained for the mean value and stan -
dard de vi a tion of the de tected pulse num ber with re -
spect to the coun ter’s tube re duc tion, where a cae sium
source is used. 

The agree ment of ex per i men tal and the o ret i cal
re sults has been achieved for the mean value of the
pulse num ber (figs. 1 and 3) where the ap pli ca bil ity of
the en large ment law (re duc tion, in our case) has been
ap proved. The dis crep ancy be tween the the o ret i cally
ex pected ef fects of re duc tion (or en large ment) and the
re sults ob tained ex per i men tally can be no ticed in figs.
2 and 4, where the stan dard de vi a tion of the pulse
num ber is shown.

CON CLU SION

The agree ment of ex per i men tal and the o ret i cal
re sults has been achieved for the mean value of the
pulse num ber de tected, where the dis crep ancy be -
tween the the o ret i cally ex pected stan dard de vi a tion
and the ex per i men tally ob tained val ues has been
found. This could be the con se quence of the ra di a tion
en ergy emit ted from the sources used and the an gle of
in ci dence en ergy, but this re mains to be in ves ti gated.
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Fig ure 1. De tected mean value of the pulse num ber us ing
an am er i cium source (241Am)

Fig ure 2. Stan dard de vi a tion of the pulse num ber us ing
an am er i cium source (241Am)
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Fig ure 3. Detectede mean value of the pulse num ber
using a cae sium source (137Ce)

Fig ure 4. Stan dard de vi a tion of the pulse num ber us ing a
cae sium source (137Ce)
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UTICAJ  DIMENZIJA  BROJA^KE  CEVI  GM  BROJA^A
NA  MERNU  NESIGURNOST

GM broja~ se ~esto koristi u detekciji zra~ewa po{to generi{e jak sig nal koji se mo`e lako 
detektovati. Princip rada GM broja~a zasniva se na jonizacionoj interakciji zra~ewa sa atomima i
molekulima gasa u broja~koj cevi. Slobodni elektroni, nastali kao rezultat ovih interakcija, postaju
inicijalni elektroni koji pokre}u lavinski proces detektovan kao strujni impuls. Ovaj strujni
impuls ne zavisi od energije pre date gasu, {to predstavqa osnovnu razliku izme|u GM broja~a i ve}ine
drugih detektora zra~ewa. Kao glavni izvori merne nesigurnosti GM broja~a, u literaturi se navode
zavisnost od energije incidentnog zra~ewa, orijentacije broja~ke cevi i sistema za o~itavawe. Ciq
ovog rada je da se odredi uticaj dimenzija broja~ke cevi na mernu nesigurnost GM broja~a. Iz tog
razloga razmatra se  zavisnost formirawa strujnog impulsa u odnosu na dimenzije broja~ke cevi, kako u
radijalnoj tako i u paralelnoj geometriji. Inicijacija i razvoj strujnog impulsa tretiraju se kroz
elementarne procese elektri~nog pra`wewa kao Markovqevi procesi, dok se promena dimenzija
broja~ke cevi razmatra preko prostorno-vremenskog zakona porasta. Slu~ajna promenqiva “strujni
impuls u broja~koj cevi” (to jest, elektri~ni proboj elektrodne konfiguracije), statisti~ki se
posmatra i na osnovu toga odre|uje se odgovaraju}a teorijska raspodela. Teorijski dobijeni rezultati
upore|eni su sa odgovaraju}im eksperimentalnim rezultatima dobijenim pod dobro kontrolisanim
laboratorijskim uslovima.

Kqu~ne re~i: GM broja~, zakon porasta, merna nesigurnost


