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This pa per dis cusses the pro cess of func tional ag ing of Gei ger-Mul ler coun ters. Two types of
Gei ger-Mul ler coun ter cham bers were char ac ter ized in an ex per i ment us ing a com bined con -
stant volt age. Cham ber A had a co ax ial ge om e try and cham ber B had a plan-par al lel ge om e -
try. The ex per i men tal re sults in di cate that the ag ing pro cess was faster in the case of cham bers
with a co ax ial ge om e try. The re sults are ex plained based on the pro cess of elec tri cal dis charges
in gas ses.
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IN TRO DUC TION

The Gei ger-Mul ler coun ter is a gas eous de tec tor
of ion iz ing ra di a tion whose prin ci ple of op er a tion is
based on gas mul ti pli ca tion. In the pro cess of gas mul -
ti pli ca tion 109-1010 ion pairs are formed from a sin gle
quan tum of ra di a tion. Be cause of that, the am pli tude
of the out put sig nal is very high (~1 V). An am pli tude
of this mag ni tude en ables the use of sim ple mea sur ing
in stru men ta tion, which usu ally does not in clude a
preamplifier. How ever, the large con cen tra tion of ion
pairs leads to en ergy-spe cific plasma-chem i cal con -
ver sions. The re leased en ergy de ter mines the amount
of the re main ing charge in the gas af ter the dis charge
and the to tal per ma nent changes of the in su la tion
struc ture of GM coun ters dur ing us age. The re main ing 
charge af fects the next re sult out come, the re cov ery
time of the in su la tion and the dead time of the coun ter.
To tal per ma nent changes of in su lat ing struc tures of
GM coun ters af fect its life time [1-4]. There are many
pa pers in which the dead time of GM coun ters is ex am -
ined, but not so many on the topic of GM coun ter life -
time [5-9]. The pur pose of this pa per is to de ter mine
the char ac ter is tics of life time of com mer cial GM
coun ters.

The de ter mi na tion of life time char ac ter is tics of
GM coun ters was done by ex am in ing the in ter de pen -
dence of the dis tri bu tion func tion of the break down
time tdp and the break down volt age udp of the GM
coun ter cham ber. For that pur pose, a com par i son of

the re sults ob tained us ing a con stant volt age and the
the o ret i cal ex pec ta tions were car ried out. The se lec -
tion of the test tech nique was de ter mined by the goal of 
the ex per i ment. Con stant volt age test ing gives re li able 
and de tailed data about the dis tri bu tion func tion of the
break down volt age, but the de ter mi na tion of the life -
time char ac ter is tics re quires a lot of time.

DIS TRI BU TION FUNC TION OF THE
BREAK DOWN TIME AND THE
BREAK DOWN VOLT AGE

Stud ies have shown that ran dom sta tis tic sam -
ples of vari ables such as the break down times and the
break down volt ages, in co ax ial ge om e tries in su lated
with no ble gas ses at low pres sure, be long to the
Weibull dis tri bu tion. Based on the se lected quantiles
of those dis tri bu tions, a so-called life time char ac ter is -
tic can be con structed. Ex pe ri ence has shown that the
life time char ac ter is tic forms a straight line on a dou ble
log a rith mic scale [10-12]. If the con fi dence in ter vals
of the used quantiles are known, they can be trans -
ferred to the life time char ac ter is tic. For each quantile
or der p (in eqs. 2 and 3, p = 0.1 and p = 0.63) of the
break down time, the life time char ac ter is tic is de -
scribed in the fol low ing way

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

where kdp is a con stant which char ac ter izes the ge om e -
try struc ture, and r is the life time ex po nent which de -
pends on the in su la tion ma te rial and its con di tion.
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Changes (like curv ing) in the life time char ac ter is tic in -
di cate to changes in the ag ing mech a nism (elec tri cal
ag ing mech a nism) [13, 14].

Based on the va lid ity of the Weibull dis tri bu tion
for ran dom sta tis ti cal sam ples of vari ables of the
break down time and the break down volt age, the prob -
a bil ity for the break down volt age and the fixed break -
down time must be equal to the prob a bil ity for the
fixed break down volt age and the break down time, 
F u t F t u( , ) ( , )d d d d1 1

= . Start ing from the Weibull
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and the as sump tion that the life time ex po nent r can be
ap plied to all the quantiles, it can be de rived

u t t kd d d d63 1 1 63
( ) = (3)

which is also valid for the de pend ence on the r val ues 
( , )u td d63 1

.
On the ba sis of the ex pres sion (3), there is a re la -

tion ship be tween Weibull's ex po nents for sta tis ti cal
sam ples of ran dom vari ables of break down time (dt),
break down volt age (du) and the life time ex po nent r

r =
d
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u

t

(4)

It should be re peated that ex pres sion (4) ap plies
only if the ran dom vari ables of the break down time
and break down volt age be long to the Weibull dis tri bu -
tion and that the life time ex po nent is equally true for
all dis tri bu tions.

EX PER I MENT

 The ex per i ments were car ried out un der con -
stant volt age with two types of com mer cial GM cham -
bers. Type A has a co ax ial elec trode con fig u ra tion, fig. 
1(a), and type B has a plan par al lel elec trode con fig u -
ra tion, fig. 1(b). In the ex per i ment, the GM cham ber
was at an op er at ing volt age (400 V DC volt age for
both type A and type B cham ber), and the elec tri cal
dis charges were sim u lated by su per im posed im pulse
volt age. Namely, if the pulse volt age caused a break -
down, it was equiv a lent to the GM coun ter op er at ing
mode, and if the im pulse volt age did not cause a break -
down, it was equiv a lent to an elec tric dis charge in the
GM cham ber that was not self-sus tain ing. On fig. 2 the 
scheme of the mea sur ing sys tem is shown.

The am pli tude of the im pulse volt age ranged
from a min i mal value of 10 V (at which a break down
al most never oc curs) to a max i mal value of 250 V (at
which a break down al most al ways oc curs). The num -
ber of volt age steps was 10 and the num ber of ap plied
volt ages per step was 100. The dif fer ence in the am pli -

tude of the im pulse volt age per step was 25 V. The in -
ter val be tween two im pulse volt ages was 1 min ute.

The mea sur ing sys tem was de signed so that it
au to mat i cally de ter mined a sta tis ti cal sam ple of 1000
ran dom vari ables of the break down time and the
break down volt age. The ob tained sta tis ti cal sam ples
were graph i cally tested and us ing the   test to see if they 
be long to the Weibull dis tri bu tion. Af ter that, the pa -
ram e ters of the ad e quate dis tri bu tions were de rived
us ing the mo men tum method and the life time char ac -
ter is tics were plot ted. The com bined mea sure ment un -
cer tainty of the pro ce dure was less than 3 % [15, 16].

RE SULTS AND DIS CUS SION

The life time char ac ter is tics of type B and type A
GM cham bers are rep re sented in fig. 3 and fig. 4, re -
spec tively.
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Fig ure 1. GM coun ter with co ax ial elec trodes (chamber
A) (a), and GM coun ter with plan-par al lel elec trodes
(chamber B) (b)

Fig ure 2. 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 – Graetz cir cuit, 8  – di vider, 9 – di vider, 10 – mea sur ing
unit, 11 – ca pac i tor and mea sur ing im ped ance, 12 – adapter,
13 – test sam ple, 14 – break down in di ca tor, and
15 – mea sur ing and con trol unit



In fig. 3 the life time char ac ter is tic of the type B
GM cham ber is a straight line which means that there

were no ir re vers ible changes in the break down mech a -
nism dur ing the ex per i ment. Fig ure 4 shows that the
life time char ac ter is tic of the type A GM coun ter is
curved which means that there were ir re vers ible
changes in the ag ing mech a nism of the in su la tion
cham ber.

The ob tained re sults can be ex plained by
changes on the elec trodes and in the gas due to
long-term elec tri cal dis charges. Changes oc cur on the
elec trodes due to par tial dis charges and break downs.
Elec trodes with small cur va ture ra di uses are par tic u -
larly prone to ero sion. Also, elec trodes with small ar -
eas are prone to rough ness in creas ing and for ma tion of 
non-me tal lic coat ing. How ever, a sim i lar phe nom e non 
can be seen on elec trodes with larger ar eas. Firstly, re -
gard ing the changes in the gas, one must keep in mind
that elec tric dis charges lead to chem i cal re ac tions and
thus to changes in the gas com po si tion. Sec ondly, the
elec tric dis charge leaves be hind spa tial charges which
re com bine rel a tively slowly. If the fol low ing volt age
ap pli ca tion oc curs af ter the dis charge, be fore the spa -
tial charges re com bine, there will be a dif fer ent dis tri -
bu tion of the crit i cal elec tric field, which will ei ther
speed up or slow down break down pro cess, in com -
par i son with the case with out spa tial charge. If there
are solid di elec tric bound ary lay ers in the in su la tion
sys tem (due to sup port el e ments for ex am ple) firmly
ad her ing, sur face charge may be formed which af fects
the dis tri bu tion of the crit i cal field.

These mech a nisms are re spon si ble for the dif fer -
ences in the life time char ac ter is tics of GM count ing
cham bers type A and type B. Namely, the type A count -
ing cham ber has a co ax ial ge om e try with a small ra dius
cen tral elec trode. In the case of the type A count ing
cham ber, the pro cess of charge de po si tion on the in su la -
tion car ri ers sig nif i cantly af fects the changes of the crit -
i cal field with time. Un like the type A count ing cham -
ber, type B has elec trodes with an in fi nite ra dius of
cur va ture and elec trode sup ports with neg li gi ble di -
men sions. Re gard ing the pro cesses in the gas, they are
the same for both ob served cham bers and they do not
lead to ir re vers ible changes in the ag ing mech a nism.
This is due to the fact that the in su la tion gas in both of
the used cham ber is a dom i nantly no ble gas (He).

CON CLU SION

Based on the con sid er ation of the life time char -
ac ter is tics of GM coun ters with ra dial ho mog e nous
fields in the count ing cham bers, it was found that ir re -
vers ible changes first ap pear in tubes with ra dial
fields. This means that in con di tions of long-term us -
age, GM count ing cham bers with elec trodes less sus -
cep ti ble to changes caused by elec tri cal dis charge
should be used. Such elec trodes have larger cur va ture
ra di uses and are made of ma te ri als with a lower work
func tion, higher melt ing tem per a ture and a better ther -
mal con duc tiv ity.
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Fig ure 3. Life time char ac ter is tic of cham ber B

Fig ure 4. Life time char ac ter is tic of cham ber A
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KARAKTERISTIKE  VEKA  TRAJAWA  GAJGER-MILEROVOG  BROJA^A

U radu se razmatraju procesi funkionalnog starewa komore Gajger-Milerovog broja~a.
Na osnovu eksperimenata sa kombinovanim stalnim naponom odre|ene su karakteristike dva tipa
komora. Komora tipa A bila je sa koaksijalnom, a tipa B sa plan-paralelnom geometrijom.
Dobijeni rezultati obja{weni su na osnovu procesa elektri~nog pra`wewa u gasovima.

Kqu~ne re~i: Gajger-Milerov broja~, elektri~no pra`wewe u gasovima, karakteristika veka
..........................trajawa


