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This pa per in ves ti gates, through the ory and ex per i ment, the in flu ence of the plain-par al lel
elec trode sur face di men sions change on the type A mea sure ment un cer tainty of a GM coun -
ter. The pos si bil i ties of ap ply ing these re sults to prac ti cal struc tures are ex am ined by us ing the
meth ods of math e mat i cal sta tis tics. Spe cial at ten tion is de voted to the in flu ence of elec trode
sur face en large ment on the sta tis ti cal be hav ior of the pulse num ber ran dom vari able, ex -
pressed in the form of the en large ment law. In the the o ret i cal part of the pa per, the gen eral
sur face en large ment law is de rived. Com par i son of ex per i men tal re sults with those pre dicted
by the sur face en large ment law proved its va lid ity for ex press ing the type A mea sure ment un -
cer tainty of GM coun ters con structed with a plain-par al lel elec trode con fig u ra tion with a ho -
mog e nous elec tric field.
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IN TRO DUC TION

The in flu ence of the tube vol ume on the type A
mea sure ment un cer tainty of a GM coun ter has been
the o ret i cally in ves ti gated within the pre vi ous pa per
[1]. The ex pres sions for de pend ence of the type A
mea sure ment un cer tainty on the sur face and vol ume
size of the GM coun ter’s tube have been de rived
within the men tioned pa per. Those de rived ex pres -
sions are based on the prob a bil ity en large ment law
[2-4], but with out con sid er ing the tube ge om e try, i. e.
the shape of elec tri cal field within the tube. Since the
elec trode con fig u ra tion within the tube is made ei ther
with plain-par al lel elec trodes (ho mo ge neous elec tri -
cal field) or co ax ial elec trodes (inhomogeneous elec -
tri cal field), these two dif fer ent cases need to be sep a -
rately con sid ered [5-7], be cause the pre vi ously
de rived gen eral case, ap plied both on ho mo ge neous
and inhomogeneous elec tri cal field, does not give nec -
es sar ily the same re sult.

The aim of this pa per is to de rive the ex pres sion
which de scribes the in flu ence of the plain-par al lel
elec trode sur face di men sions change on the type A
mea sure ment un cer tainty of a GM coun ter as well as to 
ver ify the ob tained ex pres sion ex per i men tally.

DE PEND ANCE OF THE TYPE A
MEA SURE MENT UN CER TAINTY
ON THE PLAIN-PAR AL LEL ELEC TRODE
SUR FACE DI MEN SIONS

In es sence the GM coun ter’s tube is the
two-elec trode struc ture with re cov er ing in su la tor
which works on the prin ci ple of struc ture break down
[8-10]. From the sta tis ti cal point of view the prob lem
of the three di men sional size change (en large ment or
re duc tion) or the last ing change of an ob served oc cur -
rence can be solved by ap ply ing the En large ment law.
En large ment law rep re sents the prac ti cal ap pli ca tion
of the mul ti pli ca tion law valid for in de pend ent prob a -
bil i ties, by as sum ing the non-de pend ence of dis charge
pro cesses, which take place in par al lel with re spect to
space and time, or con sec u tively when the time is ex -
tended.

When ob serv ing an one plain-par al lel sys tem
with break down prob a bil ity p1 then the prob a bil ity of
break down in the n times en larged in su lat ing struc ture
pn is de rived di rectly from the mul ti pli ca tion law valid
for in de pend ent prob a bil i ties, by con sid er ing com ple -
men tary non-break down events [2-4]. Non-break -
down of the n times en larged in su la tion struc ture pre -
sup poses non-break down of all the ba sic in su la tion
com po nents (1 – p1)i, i = 1, ..., n, so
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p p n
n = - -1 1 1( ) (1)

Con sid er ing prob a bil ity dis tri bu tion func tions
F1(x) and Fn(x) in stead of dis crete prob a bil i ties, eq. (1) 
be comes

F x F x n
n ( ) [ ( )]= - -1 1 1 (2)

Ac cord ing to eq. (2) the el e ment break down
prob a bil ity p1 joins the dis tri bu tion func tion of x used,
with pa ram e ters a and b, which are ini tially un known
and must be de ter mined ex per i men tally, but only af ter
the adop tion of the type of sta tis ti cal dis tri bu tion that
cor re sponds to the ob served phe nom e non.

The o ret i cal dis tri bu tions ex pected to fol low the
be hav ior of the ran dom vari able num ber of pulses of a
GM coun ter are [11-13]:

(1) Nor mal dis tri bu tion
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with pa ram e ters m (ac tual, cen tral value = me dian =
=.mode) and s2 (> 0, vari ance, s stan dard de vi a tion);
ex pec ta tion EX = m and vari ance D2X = s2.

(2) Weibull dis tri bu tion
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with pa ram e ters: h = x63 – x0 (63% quantile of as so ci -
ated two-pa ram e ter dis tri bu tion), d (mea sure of dis -
per sion, Weibull ex po nent), and x0 (ini tial value); ex -
pec ta tion 
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and vari ance
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where G[( / ) ]1 1d +  is the gamma func tion avail able in
tab u lar form.

For x0 = 0 the two-pa ram e ter Weibull dis tri bu -
tion is  de rived  from  the  three-pa ram e ter dis tri bu tion.
For x0 = 0 and d = 1 the ex po nen tial dis tri bu tion is de -
rived and rep re sents the spe cial-case of Weibull dis tri -
bu tion. Ex po nen tial dis tri bu tion has only one pa ram e -
ter, usu ally rep re sented  by  l   (l = 1/h) with ex pec ta tion 
EX = h = 1/l and vari ance D2X = h2 = 1/l2.

Ex pres sion for the vari ance of all showed the o -
ret i cal dis tri bu tions cor re sponds to the type A mea -
sure ment un cer tainty, but un der con di tions of non-de -
pend ence of the ob served ran dom vari able on the all
other ex per i men tal pa ram e ters.

THE EX PER I MENT

In or der to ver ify ex per i men tally the in flu ence of 
GM coun ter tube di men sions on the mea sure ment un -
cer tainty of type A an ex per i ment has been con ceived

within which all other com po nents of the bud get un -
cer tainty were fixed, or their in flu ence re duced to
zero. To achieve that, a dual multi-layer cham ber has
been cre ated.

A GM coun ter was placed in the in ner cham ber
with lead wall thick ness of 15 cm so that the tube was
placed in its wall, the dis play was lo cated in the op pos -
ing wall of the cham ber, while the rest was lo cated
within the cham ber. The lead plate was placed above the 
dis play of the GM coun ter and it was re moved only
when read ing the num ber of pulses. The lead screen
was placed above the count ing tube which was moved
by a de pend ent mech a nism serv ing to open ac cu rately a
spe cific part of the count ing tube ex posed to ra di a tion.
The lead cham ber was placed into an iron cham ber var -
nished with 20 mm thick layer of nano-nickel-fer rite in
com bi na tion with in su lat ing var nish. The lead tun nel
was placed from the in side to the out side of the iron
cham ber and used to lead to the ra di a tion source and its
holder. The ra di a tion source holder was of a re mov able
type and could carry two sources at the same time.

The at ten u a tion of the elec tric and mag netic
fields was ex per i men tally de ter mined and was over
100 dB in the range from 50 Hz to 1 GHz, so the mea -
sure ment un cer tainty due to over-volt ages was re -
duced to zero. Back ground ra di a tion was mea sured
and the cor rec tion was per formed but it was proved
that it was very small or zero. By this sys tem con struc -
tion the in flu ence of back ground ra di a tion and
over-volt ages on the mea sure ment un cer tainty of type
A was avoided. A photo of the com plete mea sur ing
sys tem is shown in fig. 1.

The ex per i men tal pro ce dure for test ing the in flu -
ence of the tube size on the type A mea sure ment un cer -
tainty con sisted of the fol low ing steps:
(1) place ment of the lead screen into spe cific po si tion

against the ra di a tion source,
(2) set ting the work point in the op ti mal po si tion,
(3) mea sur ing the pulse num ber for 5 min utes,
(4) mea sur ing the dead time of the GM coun ter by the

two sources method,
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Fig ure 1. Mea sur ing sys tem used in the experiment



(5) re peat ing steps 3 and 4 fifty times,
(6) mea sur ing the back ground ra di a tion for an hour,
(7) set ting the lead screen in the next po si tion, and
(8) re peat ing the pro ce dure.

The mea sure ment re sults were 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 the back ground ra -

di a tion and the coun ter dead time,
– 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 the
pulse num ber and the 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 tube sizes used),

– us ing 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 normal,
Weibull, and dou ble-ex po nen tial dis tri bu tion, and

– ex press ing the type A mea sure ment un cer tainty of
sta tis ti cal sam ples by com par i son of the ex per i -
men tally ob tained val ues with the the o ret i cally ex -
pected val ues ac cord ing to the En large ment law.

RE SULTS AND DIS CUS SION

The best choice for es ti mat ing the rel a tive fluc -
tu a tion of a ran dom vari able is to use vari a tion co ef fi -
cient, since it rep re sents the most ac cu rate mea sure of
the rel a tive fluc tu a tion.

In sert ing ex pres sions for normal, two-pa ram e -
ter, and three-pa ram e ter Weibull and ex po nen tial dis -
tri bu tion into eq. (2) the vari ance ob tained changes ac -
cord ing to the ex pres sions given in tab. 1.

Pa ram e ter val ues for cal cu lat ing the de pend ence 
of vari a tion co ef fi cients on the en large ment fac tor in
case of three-pa ram e ter Weibull dis tri bu tion are ob -
tained ac cord ing to point es ti mate [11, 12]
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M is a cor rec tion fac tor de pend ent on the size of
the sam ple (given in tab u lar form [11]) and c is Eu ler’s
con stant.

For two-pa ram e ter Weibull and dou ble-ex po -
nen tial dis tri bu tion the above de pend ence can be ob -
tained from eqs. (7), (8), and (9) by in sert ing pa ram e -
ter val ues x0 =0, i. e. x0 = 0 and    d = 1, re spec tively.

For nor mal dis tri bu tion the above de pend ence is
ob tained ac cord ing to point es ti mate
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where x50
*  and x16

*  are quantiles of the em pir i cal dis tri -
bu tion func tion.

Fig ure 2 shows the de pend ence of the vari a tion
co ef fi cient on the en large ment fac tor for dif fer ent the -
o ret i cal dis tri bu tion func tions. Com par i son with ex -
per i men tally ob tained val ues shows that the em pir i -
cally ob tained char ac ter is tic fol lows a three-pa ram e ter 
Weibull dis tri bu tion.

Fig ure 3 shows the ran dom vari able num ber of
pulses plot ted on Weibull prob a bil ity pa per for n = 1
and n = 10. Fig ure 4 shows the re sult of U-test for ran -
dom vari able num ber of pulses in case of n = 10.

K. Dj. Stankovi}: In flu ence of the Plain-Par al lel Elec trode Sur face Di men sions ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2011, Vol. 26, No. 1, pp. 39-44 41

Ta ble 1. De pend ence of vari a tion co ef fi cient on en large ment fac tor n
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The re sults shown in figs. 3 and 4 ver ify the re -
sult shown in fig. 2, i. e. that ran dom vari able num ber
of pulses fol lows the three-pa ram e ter Weibull dis tri -
bu tion re gard less of the elec trode sur face di men sions.

The En large ment law is ob tained by in sert ing the 
ex pres sion for three-pa ram e ter Weibull dis tri bu tion
into eq. (2)
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where h1, x0, and d are the pa ram e ters of the ini tial dis -
tri bu tion. From eq. (10) it can be seen that in case of
sys tem en large ment for fac tor n there is a change only
in the 63% quantile, which is de ter mined by

h h d
n = -

1
1n / (11)

while the ini tial value x0 and Weibull ex po nent d re -
main the same, as shown in fig. 5.

The ran dom vari able num ber of pulses be longs
to Weibull dis tri bu tion, as shown in figs. 2, 3, and 4, so
it is pos si ble to de ter mine cor re spond ing ex pec ta tion
and vari ance de pend ence, i. e. type A mea sure ment
un cer tainty de pend ence on the sys tem en large ment
fac tor by us ing the gen eral ex pres sion for Weibull dis -
tri bu tion eq. (4). By in sert ing the eq. (11), which de -
scribes the de pend ence of the 63% quantile on the en -
large ment fac tor, into eq. (6) the fi nal ex pres sion for
stan dard de vi a tion, scaled to ac tive sur face, is

s sdn = n1
1

/ (12)

This de scribes, in the same time, the de pend ence
of type A mea sure ment un cer tainty on the GM tube
sur face di men sions.
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Fig ure 2. De pend ence of vari a tion co ef fi cient on the en -
large ment fac tor for dif fer ent the o ret i cal dis tri bu tion
func tion; experimentally ob tained val ues are rep re -
sented with dots

Fig ure 3. En large ment law for Weibull dis tri bu tion, 
rep re sented in prob a bil ity pa per

Fig ure 4. Re sult of U-test for ran dom vari able num ber of
pulses in cese

Fig ure 5. Pa ram e ter hn of Weibull dis tri bu tion, as a
func tion of the En large ment law



Fig ure 6 shows the de pend ence of the stan dard
de vi a tion of the ran dom vari able num ber of pulses on
the en large ment fac tor, ob tained by cal cu lat ing the
63% quantile of Weibull dis tri bu tion.

CON CLU SIONS

The re sults pre sented in this pa per dem on strate
the be hav ior of the type A mea sure ment un cer tainty in
the de pend ence of coun ter’s tube di men sions with
plain-par al lel elec trodes. The in ves ti ga tion has been
done the o ret i cally by ap ply ing the prob a bil ity en large -
ment law of com ple men tary events. The the o ret i cal al -
go rithm for iden ti fi ca tion of ran dom vari able be long -
ing to the o ret i cal dis tri bu tion has been de vel oped
con sid er ing the en large ment law. The ob tained ex -
pres sion which de scribes the be hav ior of the type A
mea sure ment un cer tainty has been ver i fied un der well
con trolled lab o ra tory con di tions on us ing a com mer -
cial coun ter’s tube, by chang ing its di men sions with
the step of 10%. Ex tremely good agree ment be tween
the the o ret i cal model and the ex per i men tal re sults in -
di cates the va lid ity of the ap plied the o ret i cal ap proach. 
From a prac ti cal point of view the find ings show that
dis pro por tion ately re duced type A mea sure ment un -
cer tainty cor re sponds to GM coun ters with n time re -
duced count ing tube, which al lows their re li able op er -
a tion in the mon i tor ing of punc tu ated ion iz ing
ra di a tion fields.
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Fig ure 6. De pend ence of the stan dard de vi a tion of the
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Koviqka \. STANKOVI]

UTICAJ  POVR[INSKIH  DIMENZIJA  ELEKTRODA  PLAN-PARALELNE 
BROJA^KE  CEVI  GAJGER-MILEROVOG  BROJA^A  NA  MERNU

NESIGURNOST  TIP  A

U radu se, kroz teoriju i eksperiment, ispituje uticaj promene povr{ine plan-paralelnih
elektroda Gajger Milerovog broja~a na mernu nesigurnost tip A. Mogu}nost primene ovih rezultata
na prakti~ne strukture ispituje se kori{}ewem metoda matemati~ke statistike. Posebna pa`wa
posve}ena je uticaju pove}awa povr{ine elektroda na statisti~ko pona{awe slu~ajne promenqive
broj impulsa, izra`enom u formi zakona porasta. U teorijskom delu rada izveden je povr{inski
zakon porasta u op{tem obliku. Pore|ewe eksperimentalnih rezultata sa rezultatima koje
predvi|a povr{inski zakon porasta pokazuje va`ewe ovog zakona u izra`avawu merne nesigurnosti
tip A Gajger Milerovog broja~a izra|enih u plan-paralelnoj konfiguraciji elektroda sa homogenim 
elektri~nim poqem.

Kqu~ne re~i: Gajger Milerov broja~, merna nesigurnost, zakon porasta, plan-paralelne
elektrode


