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In this pa per, the ag ing ef fect of com mer cially avail able Gei ger-Muller coun ters un der work -
ing con di tions is be ing con sid ered from both the o ret i cal and ex per i men tal point of view. In
the ex per i men tal part life time curves for the com mer cial Gei ger-Muller coun ter cham ber are
first re corded. Af ter de tec tion of the ag ing phe nom ena, the com mer cial cham ber re sponse to
an im pulse volt age is tested along with re cord ing of the same re sponse of the Gei ger-Muller
cham ber model with con duc tive par ti cles in cluded. The law of sim i lar ity for the gas eous dis -
charge is ful filled both by the com mer cial Gei ger-Muller cham ber and by the cham ber model
with con duc tive par ti cles. The re sults ob tained from the U-test in di cate that the ag ing of the
Gei ger-Muller cham ber is mainly caused by the oc cur rence of a great num ber of con duc tive
par ti cles hov er ing in side the cham ber. Some sug ges tions of how to re duce the ag ing ef fect due 
to con duc tive par ti cles in side the Gei ger-Muller cham ber are given in the con clu sion.
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IN TRO DUC TION

Gei ger-Mul ler (GM) coun ter is a gas eous de tec -
tor whose work ing prin ci ple is based on the elec tri cal
break down of the gases. In the gas cham ber, each and
ev ery elec tron av a lanche launches at least one such ad -
di tional av a lanche. This leads to the self-sus tain ing
chain re ac tion, known as the Gei ger dis charge. Dur ing
the dis charge, ap prox i mately 109-1010 ion pairs are cre -
ated in side the coun ter cham ber. As a con se quence, the
am pli tude of the out put im pulse is very high (~1 V).
Such high volt age level en ables the us age of the sim ple
mea sure ment in stru men ta tion that, in most cases, does
not need to in clude a preamplifier stage [1, 2].

As the GM coun ter works on the prin ci ple of the
elec tri cal break down of gas ses, the pres ence of the
electronegative gases in side the cham ber should be
avoided. Con se quently, the no ble gas ses such as he -
lium or ar gon are most of ten used for coun ter cham -
bers fill ing. Along with those gases, an other com po -
nent needed for the ex tin guish ing is also added [3, 4].
Namely, if the cham ber of the GM coun ter is filled
only with one of the gas ses, then all the pos i tive ions
are the ions of that gas. Neu tral iza tion of these ions is

be ing con ducted on the cath ode and dur ing this pro -
cess re leas ing of free elec trons from the cath ode
sur face can oc cur. Ev ery sin gle free elec tron can start
up new av a lanche, thus pre vent ing the sta bi li za tion of
the coun ter. The false im pulses oc cur ring in this way
have the same am pli tude as the real ones. In or der to
avoid this an ex tin guish ing gas is added, along with
no ble gases. This gas has lower ion iza tion en ergy and
more com plex mo lec u lar struc ture than the no ble
gases and its per cent age con tent in the mix ture var ies
from 5 to 10 %. Us ing the mech a nism of col li sion with
charge trans fer, the role of the ex tin guish ing gas is to
se cure that all the pos i tive ions that reach the cath ode
are ex clu sively its own ions. Dur ing a neu tral iza tion of 
the ex tin guish ing gas ions, the ob tained en ergy is
spent on mol e cule dis so ci a tion, and not on the re lease
of sec ond ary free elec trons. The most com monly used
ex tin guish ing gases are ethyl al co hol, chlo rine and
chro mium [5, 6]. 

The deg ra da tion of GM coun ter pa ram e ters can
be caused by the no ble gas dif fu sion from the cham ber
and by ac cu mu la tion of spark ing cre ated im pu ri ties in -
side the cham ber. The both ef fects are mac ro scop i cally
man i fested as ag ing of the GM coun ter. The dif fu sion
ef fect of the no ble gas is con trolled by the seal ing of the
cham ber. The im pu ri ties for ma tion is im pos si ble to
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con trol. Im pu ri ties in side the cham ber are mainly the
spher i cal shape me tal lic par ti cles, cre ated when the part
of the an ode, melted by a spark, is ejected into the
interelectrode space form ing a spher i cal shape un der
the in flu ence of the sur face ten sion [7-9].

The aim of this pa per is to de ter mine the in flu -
ence of the spher i cal shape con duc tive par ti cles in side
the interelectrode space on the ag ing pro cess of the
GM coun ter.

LIFE TIME CHAR AC TER IS TIC
OF THE GM COUN TER 

If n sam ples are tested with a con stant volt age, at
the level Ud, then n sam ples of break down time are ob -
tained. Em pir i cal func tion of the break down time dis tri -
bu tion is suit ably de scribed by the Weibull dis tri bu tion
[10]
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Break down volt age/break down time di a gram,
the so called “life time char ac ter is tic” can be drawn us -
ing the cho sen quantiles of this dis tri bu tion. The ex pe -
ri ence shows that di a gram forms a straight line on the
dou ble log a rith mic scale. If the con fi dence in ter vals
for the given quantiles are known, then they can be
trans ferred on the life time char ac ter is tic. For each
quantile of or der p of the break down time, the life time
char ac ter is tic is de scribed as

u k t r
dp dp dp= -1/ (2)

where kdp is a con stant that de scribes the ge om e try of
the struc ture, and r is an ex po nent of the life time that
de pends on the tested in su la tion. De flec tion (de vi a tion 
from a straight line) of the life time char ac ter is tic in di -
cates that there are some changes in the mech a nism of
ag ing (break down pro cess).

If, ac cord ing to the eq. 1, the Weibull dis tri bu -
tion is adopted for the break down volt age Ud with
fixed break down time td1
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then, for the same break down prob a bil i ties, the fol -
low ing is ob tained

u t t u t ut u t u
dd63 d1 d1 d63 d1( )[ ] [ ( )]/ /d d d d= 1 (4a)

Ac cord ing to the law of life time (2), and as sum -
ing that the ex po nent r is ap pli ca ble to all quantiles,
one can write

u t t kr
d63 d1 d1 d63( )[ ] /1 = (4b)

Com par i son of the co ef fi cients on the left parts
of the eqs. (4a) and (4b) yields
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LAW OF SIM I LAR ITY

The so called “law of sim i lar ity” pro vides the en -
gi neers with the op por tu nity to check the fea tures of
the orig i nal sys tem on ap pro pri ate model dur ing the
sys tem de vel op ment. This law is of a par tic u lar im por -
tance in the nat u ral sci ences where the re quired val ues
can not be, or can hardly be, nu mer i cally de ter mined.
Sim i lar ity in phys ics as sumes the pro por tion al ity of
two ho mog e nous phys i cal val ues that are given in two
geo met ri cally sim i lar sys tems, with pro por tion al ity
co ef fi cient that de pends on those two sys tems. Such
sim i lar phys i cal val ues are called ho mol o gous
[11-13].

Two gas-in su lated elec tri cal sys tems are sim i lar
in the case when the same gas and the same build ing
ma te ri als are used, along with the con sis tency of the
mu tual geo met ric re la tions, in clud ing the mean free
path length of the el e men tary par ti cles. If the same
volt age is ap plied to such two sim i lar sys tems, the ra tio 
of the elec tri cal field in ten si ties at cor re spond ing
points 1 and 2 is
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the ra tio of vol ume charge den si ties
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where a is geo met ri cal sim i lar ity pa ram e ter.
All these equa tions are valid as sum ing neglection

of space charges and are de rived from the po ten tial
fields sim i lar ity as a re sult of geo met ri cal sim i lar ity.
The re search works con ducted in this field have pointed 
out that space charges cre ated as a re sult of first or der el -
e men tary pro cesses do not have a ma jor in flu ence on
the va lid ity of the above ex pres sions [14, 15].

EX PER I MENT AND EX PER I MEN TAL
RE SULTS PRO CESS ING 

The ex per i ments were per formed us ing com mer -
cially avail able GM cham bers and mod els. Mod els of
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GM cham bers were iden ti cal to the com mer cial cham -
bers, and were en larged 10 times, as shown in fig. 1. 

This en large ment made it pos si ble to put mag ni -
fied con duc tive par ti cles in side the model. These con -
duc tive par ti cles were mag ni fied ac cord ing to the law
of sim i lar ity and in crease, with re spect to the par ti cles
whose ap pear ance is ex pected in the com mer cial GM
cham bers. The metal par ti cles, 2 mm in ra dius, were
put on a fire proof thread and placed in a model of the
GM cham ber, as shown in fig. 2. The thread that car -
ried the con duc tive par ti cles was strained and par al lel
to the ax ial axis of the cham ber. At the same time, it
was pos si ble to place three threads at the fol low ing po -
si tions: r = R/6, r = R/2, r = 2R/3. GM cham ber model
was at tached to a gas cir cle (de picted in fig. 3), thus en -
sur ing a con stant work ing gas pres sure dur ing the ex -
per i ment. The work ing gas pres sure was 10 times
lower than the pres sure in the com mer cial cham bers,
al low ing so the us age of the law of sim i lar ity. Namely,
such pres sure value pro vides 10 times in crease in the
mean free elec trons path, thus ful fill ing the geo met ri -
cal sim i lar ity to the com mer cial GM cham ber [16]. In -
side the com mer cial GM cham ber and in side cham ber
model was the same gas mix ture of 0.95 He + 0.05 Cl.
The pres sure of the mix ture was 1400 Pa. Per cent age

com po si tion of the gas mix ture was ad justed ac cord -
ing to the prin ci ple of par tial pres sures additivity.

Be cause of the long-term na ture of the mea sure -
ment pro ce dure, the gas pres sure in the cham ber
model was reg u larly checked ev ery 24 hours (and in
case of un sta ble at mo spheric con di tions even more
fre quently). This en sured the con stancy of a gas pres -
sure in side the GM cham ber model (which is a prob -
lem due to small di men sions of no ble gas at oms).

Dur ing the mea sure ment pro cess, the life time
curve of the com mer cial GM cham bers was first re -
corded. Af ter that, the com mer cial GM cham bers,
where the ag ing ef fect was de tected, were iso lated (i. e. 
the cham bers whose life time curves were bended), and 
the sta tis ti cal sam ple of 1000 val ues of the im pulse
break down volt age was de ter mined. The same sta tis ti -
cal sam ple was de ter mined for the new com mer cial
GM cham bers, too. Af ter wards, the same sta tis ti cal
sam ple was de ter mined for the model of the GM
cham ber with and with out metal par ti cles in side.
Thereby, the num ber and the po si tion of metal par ti -
cles var ied dur ing these mea sure ments. Dif fer ent dis -
po si tions of the con duc tive par ti cles in side a cham ber
model dur ing the ex per i ment were out lined in fig. 4. 

The de ter mi na tion of the dis tri bu tion func tions
of the break down time and the break down volt age was 
per formed us ing the com bined dc + pulse con stant
volt age. Fig ure 5 out lines the block di a gram of the test
cir cuit [17]. Ap plied dc volt age had the rip ple less than 
3 %. The am pli tude of the dc volt age was ad justed to
be 20 % lower than the dc break down volt age at the
op er at ing point of the GM coun ter cham ber. Im pulse
volt age, su per im posed on dc volt age, was the switch -
ing volt age with 250/2500 ms shape. Am pli tude of the
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Fig ure 1. Pho tog ra phy of the com mer cial GM cham ber
(up per) and of a cham ber model (lower)

Fig ure 2. Pho tog ra phy of the GM cham ber model with a
con duc tive par ti cle

Fig ure 3. Gas eous cir cle
(1-9 – gas in flows, 10-20 – dual-po si tion valves, 21-25 –
dos ing valve, 26 – pres sure re ducer, 27-29 –  vac uum gauge,
30 – vac uum pump, 31-33 – rel a tive pres sure gauge)



im pulse volt age was 10 % of the dc break down volt age 
at the op er at ing point of the GM coun ter. The num ber
of volt age steps in the ex per i ment of life time curve de -
ter mi na tion was 6, the num ber of volt age changes per
one step was 1000 and the time in ter val be tween two
con sec u tive volt age ap pli ca tions was 60 s. Sta tis ti cal
sam ple re cord ing of the im pulse break down volt age
was per formed in the same way as in the case of the
life time (du ra tion) curve de ter mi na tion. The mea sure -
ment pro cess was planned and con ducted in such a
way that it pro vided the mu tual in de pend ence of the
in di vid ual tests, the pos si bil ity of rep e ti tion and the
gen eral us abil ity of the test re sults. Com bined mea -
sure ment un cer tainty of the mea sure ment pro ce dure
was less than 5 % [18, 19].

The test re sults were gath ered au to mat i cally and
sta tis ti cal sam ples of the ran dom vari ables break down
volt age and break down time were formed. Thus, ob -
tained sta tis ti cal sam ples were au to mat i cally pro -
cessed us ing the de vel oped ap pli ca tion. The pro cess -
ing of the ex per i men tal data was car ried out through
the fol low ing steps: (1) – Ap pli ca tion of the mod i fied
Chauvenet's cri te rion in or der to re ject the sus pi cious
mea sure ment re sults, (2) – Test ing sta tis ti cal sam ples
of the ran dom vari ables to wards the Weibull dis tri bu -
tion af fil i a tion (ac cord ing to the Kolmogorov cri te rion 
and us ing the graph i cal method), (3) – Pa ram e ters de -
ter mi na tion of the cor re spond ing Weibull dis tri bu -
tions (us ing mo ment method), (4) – Draw ing the life -
time curves, (5) – De ter mi na tion of the life time
ex po nent us ing life time curve and eq. (4) and the ap -
pli ca tion of the U-test.

The U-test has been used to test the af fil i a tion of
the sta tis ti cal sam ple of 1000 ran dom vari ables break -
down volt age ob tained on the GM cham ber model
(with dif fer ent con duc tive par ti cles po si tions) to the
same sta tis ti cal sam ple of 1000 ran dom vari ables ac -
quired on the com mer cial GM cham ber af ter the ag ing
ef fect has been oc curred. 

RE SULTS AND DIS CUS SION

Fig ure 6 shows com mer cial GM cham bers life -
time char ac ter is tics, where p* is prob a bil ity. Fig ure 7
de picts the U-test di a gram for the 1000 im pulse break -
downs of the GM cham ber for which, ac cord ing to the
life time char ac ter is tic, the ag ing pro cess has al ready
oc curred. Fig ure 7 also out lines the same num ber of
im pulse break downs of GM cham ber model with con -
duc tive par ti cles dis posed as in fig. 3.

Re sults ob tained from the U-test point out that
the ag ing pro cess in the com mer cial GM coun ters is
mainly caused by the ap pear ance of the con duc tive
par ti cles in side the cham ber. These con duc tive par ti -
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Fig ure 4.  Dis po si tions of the con duc tive par ti cles in side a 
GM cham ber model

             Fig ure 5. The mea sur ing sys tem scheme
1 – ad just ment, 2 – trig ger ing level, 3 – ac tu a tor, 4 – dc 
volt age gen er a tor, 5 – test trans former, 6 – im pulse
gen er a tor, 7 – di vider; 8 – di vider, 9 – mea sur ing unit,
10 – ca pac i tor and mea sur ing im ped ance, 11 – adapter,
12 – test sam ple, 13 – break down in di ca tor, 14 – mea sur ing
and con trol unit

Fig ure 6. De ter mi na tion of life time char ac ter is tic of the
com mer cial GM cham bers, gas He, p = 1400 Pa;
(a) dis tri bu tion func tion of break down time, (b) life time
char ac ter is tic



cles are hov er ing freely in side the cham ber and their
im pact is greater as they are closer to the an ode.

One pos si ble so lu tion for the re duc tion of this
un wanted ef fect is in man u fac tur ing the GM cham ber
an ode us ing the ma te ri als with higher ther mal con duc -
tiv ity and with higher melt ing tem per a ture. It is also
pos si ble to re duce the to tal dis si pated en ergy in side the 
cham ber by in creas ing the to tal re sis tance of the dis -
charg ing cir cuit. 

CON CLU SION

The re sults of the ex per i ment with the con stant
volt age un doubt edly point out that there is an ag ing pro -
cess of the com mer cial GM coun ter cham bers. The com -
par i son of the ran dom vari able im pulse break down volt -
age of the com mer cial GM cham ber, where the ag ing
pro cess has al ready taken place, with the ran dom vari -
able im pulse break down volt age of the GM cham ber
model with con duc tive par ti cles in the gas eous in su la tor,
in di cates that the ag ing pro cess of the GM cham ber is
dom i nantly caused by the ap pear ance of con duc tive par -
ti cles as a re sult of the work ing pro cess in the cham ber. 
The gas pres sure change through time can be ne glected
as the cause of the ag ing pro cess. In or der to slow down
the ag ing pro cess, the man u fac tur ing of the cham ber an -
ode us ing the ma te ri als with higher ther mal con duc tiv ity
and with higher melt ing tem per a ture can be rec om -
mended. For this pur pose, an in crease of the re sis tance of 
the cir cuit branch, in which the gas eous dis charge is tak -
ing place, can also be used.
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Fig ure 7. The re sults of the U-test
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Uro{ D. KOVA^EVI], Dragan V. BRAJOVI]

STAREWE  GAJGER-MILEROVOG  BROJA^A  USLED  POJAVE
^ESTI^NE  PROVODNOSTI  U  IZOLACIONOM  GASU

U radu se razmatra starewe komercijalno dostupnih Gajger-Milerovih broja~a u
uslovima eksploatacije sa teorijskog i eksperimentalnog aspekta. U eksperimentalnom delu
najpre se snimaju krive veka trajawa za komore komercijalnih Gajger-Milerovih broja~a. Nakon
detekcije pojave starewa komercijalne komore, vr{i se testirawe wenog odziva na impulsni napon 
zajedno sa snimawem istog odziva za model Gajger-Milerove komore. I komercijalna komora i
model komore sa provodnim ~esticama zadovoqavaju zakon sli~nosti i za gasna pra`wewa. Podaci
dobijeni iz U-testa pokazuju da starewe Gajger-Milerovih komora uglavnom nastupa zbog pojave
ve}eg broja provodnih ~estica koje lebde unutar komore. U zakqu~ku su navedene smernice kako se
mo`e umawiti efekat starewa zbog nastanka provodnih ~estica unutar komore broja~a.
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