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This work con sid ers the man i fes ta tion of spon ta ne ous break downs of Gei ger-Mueller coun -
ters. This is an ex per i men tal type of work. The rea sons lead ing to the spon ta ne ous break -
downs of Gei ger-Mueller coun ters have been ana lysed un der con trolled lab o ra tory con di -
tions. The ex per i ments were car ried out un der the “con stant volt age”. The tested
Gei ger-Mueller cham bers were com mer cial cham bers of the ra dial elec tric field and ho mog e -
nous elec tric field. The ex per i men tal-sta tis ti cal meth ods were used in or der to choose the
cham bers with iden ti cal fea tures (with 0.1 % of sta tis ti cal re li abil ity).The re sults of ex per i -
ments showed that the spon ta ne ous break down of the Gei ger-Mueller coun ter hap pens even
in the con di tions of shield ing. They also showed that those break downs have cu mu la tive fea -
tures. The rea son for that is a pos i tive feed back be tween the spon ta ne ous break downs. The
ex pla na tion is con firmed and quan ti fied by the work ing gas fil ter ing ex per i ments.
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IN TRO DUC TION

The Gei ger-Mueller coun ter (GM coun ter) is a
gas de tec tor work ing on the ba sis of gas mul ti pli ca tion,
as well as the work of the pro por tional coun ter. Ev ery
pri mary elec tron in the pro por tional coun ter cre ates an
av a lanche that is in de pend ent from the other av a -
lanches. Since all av a lanches are ap prox i mately the
same, the gath ered elec tric charge is pro por tional to the
num ber of pri mar ily gen er ated elec trons. The GM
coun ter uses the stron ger elec tric field which makes the
av a lanches more in tense. One av a lanche can cause an -
other some where else in the tube. Above the crit i cal
value of an elec tric field, each av a lanche causes at least
one more av a lanche and that is how self-main tained
elec tric dis charge hap pens and it is known as Gei ger
dis charge. By fur ther ex pand ing the elec tric field, the
num ber of av a lanches dur ing the dis charge grows.
When a cer tain fixed num ber of av a lanches is reached
within one dis charge, the col lec tive ef fects of all av a -
lanches ter mi nate the chain re ac tion and the dis charge
quenches. Since ap prox i mately the same num ber of av -
a lanches quenches ev ery dis charge, all the im pulses of
the GM coun ter have the same am pli tudes, ir re spec tive
of the num ber of pri mar ily gen er ated ion cou ples which
start the pro cess. The GM coun ter can func tion only as a 

coun ter of the events caused by the ac tion of ion iz ing
ra di a tion and not as a spec trom e ter, be cause the in for -
ma tion about the en ergy that the en ter ing ra di a tion
quan tum trans fers to gas gets lost [1-4].

In or der for the GM coun ter to func tion in the de -
scribed man ner, cer tain con di tions need to be ful filled
so that the en ter ing ion iz ing ra di a tion starts the av a -
lanche which will, by a self-main tain ing mech a nism,
lead to the break down. That, pri mar ily, means that the
work ing point of the GM coun ter tube, de ter mined by
the tube volt age N and the prod uct of stress and
interelectrode dis tance, is in a state of un sta ble bal -
ance. Ion iz ing ra di a tion, in spite of the great en ergy it
has on the mi cro scopic scale, is not ca pa ble of caus ing
any ef fect on the mac ro scopic en ergy scale. That is
why the GM coun ter tube has to be in the state of un sta -
ble bal ance, i. e., its volt age should be less than the
value of the break down volt age, but still very close to
the value so that the break down can be trig gered by the 
en er gies of the mi cro scopic scale [5, 6].

How ever, the break down volt age is by its na ture
a sta tis ti cal value, which means that the work ing point
that is not prop erly set can cause great mea sur ing un -
cer tain ties type A [7-9]. In or der for that to be pre -
vented, the minimization of un cer tainty type A must be 
taken into con sid er ation when de ter min ing the work -
ing point of the GM coun ter (i. e., op er at ing volt age).

 The goal of this pa per is to ex per i men tally de ter -
mine the ex is tence of spon ta ne ous break downs in the
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GM coun ter tube with out the in flu ence of outer ra di a -
tion. The ex per i ments are per formed by the long-term
method of “con stant volt age” with out the pres ence of
sources of ion iz ing ra di a tion. Such re sults shall be in -
ter preted us ing the The ory of the Elec tric Dis charge
Through Gases. The o ret i cally ex pressed ex pla na tions
of the re sults shall be ad di tion ally checked by other
types of ex per i ments.

THE CHOICE OF VARIATE

The choice of variate to de scribe the break down
pro cess de pends on the in curred phys i cal or tech ni cal
prob lem. In most ex per i ments ran dom variate break -
down volt age Ud is di rectly in ves ti gated. If the ex per i -
ments re late to the mea sure ments on in su lat ing ar -
range ments to be in stalled in the sys tem of a cer tain
op er at ing volt age, then it is rec om mended that it stays
with the ran dom variate break down volt age. The per -
for mance func tion of the break down volt age will then
be com pa ra ble with the in su la tion level, the test volt -
ages or the dis tri bu tion func tions of the overvoltages.
The volt ages with clear, un am big u ous pa ram e ters
must be used in the ex per i ment. Break down volt age
per for mance func tions for dif fer ent stress du ra tions
are needed for sta tis ti cal con sid er ation of the time ef -
fect [10].

In the case of slightly non-uni form in su la tion ar -
range ments (one of which is the GM coun ter cham -
ber), we are of ten in ter ested in break down volt age
gen er al iza tion. The Schwaiger re la tion ship can be
used for sim ple cal cu la tion of the variate max i mum
break down field-strength from the variate break down
volt age for an in su la tion ar range ment with an elec -
trode gap d and de gree of uni for mity h

E
U
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dh

d=
h

(1)

If cur va ture fac tor eh, which de scribes the in flu -
ence of elec trode cur va ture on the break down pro cess, 
is also known for the in su la tion ar range ment con -
cerned, then the variate di elec tric strength Ed can be
in tro duced as a ma te rial prop erty
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This strength is also a func tion of the du ra tion of
the ap plied stress, fig. 1(c).  It is some times tech ni cally 
ex pe di ent (and phys i cally mean ing ful) to use a ran -
dom time fac tor to de scribe the ran dom na ture of the
break down pro cess

K
E t

E
t = d

d0

( )
(3)

where Ed0 is the strength at a given time.
Such an ap proach proves sat is fac tory when con -

sid er ing a break down which is the re sult of ran dom

pro cesses (which is the case with the GM coun ter). By
anal ogy to time fac tor Kt, it is al ways rec om mended to
in tro duce the se lected vari ates if they can be used to
de scribe the ran dom break down pro cess and per mit
the gen er al iza tion of the test re sults.

Fi nally, it is ad van ta geous in many prob lem sit u -
a tions to con sider the variate break down time Td em -
pir i cal dis tri bu tion func tions F(Td). In spe cial cases, it
also seems quite rea son able to deteremine break down
time per for mance func tions.

EX PER I MENT

The in ves ti ga tion of the sta bil ity of the work ing
point stochasticity of the GM coun ter was per formed
by the con stant volt age method [11, 12]. The com mer -
cial types of GM tubes were used: type  1 with a co ax -
ial elec tric field and type 2 with a ho mog e nous elec tric
field, fig. 1. 

The ex per i ments were done on 20 GM tubes of
type 1 and the same num ber of GM tubes of type 2 cho -
sen by pre lim i nary  ex am i na tion from a much greater
num ber. The tubes used were new, com mer cial, GM
tubes as well as 5 years old, 1 year old tubes, and tubes
of the same types were used. Also, the ex per i ment was
car ried out on the tubes af ter the work ing gas fil tra tion. 
The work ing gas was fil trated by a pa per fil ter which
con tained par ti cles of ze o lite 1. Fig ure 2 shows the
work ing gas fil trat ing sys tem for the GM coun ter.

The pre lim i nary ex am i na tion was car ried out by
mea sur ing 50 val ues to break down volt age of each in -
di vid ual GM tube where the speed of volt age in crease
was 8 Vs–1. The in ter val be tween the two con se quent
break downs was 1 min ute. Based on the re sult ing val -
ues, the unique, sta tis ti cal sam ple of ran dom variate d.
c. break down volt age was formed. From such a
formed sam ple, by fur ther ap pli ca tion of the U-test, 20
GM tubes were cho sen for type 1 and the same num ber 
of tubes for type 2 whose val ues of the break down
volt age dif fered less than  0.1 %.
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Fig ure 1. GM coun ter with co ax ial elec trodes (cham ber
A) (a), and GM coun ter with plan-par al lel elec trodes
(cham ber B) (b)



The pro cess of sta tis ti cal de ter mi na tion of spon -
ta ne ous break down of GM tubes was mea sured by a
mea sur ing cir cle shown in fig. 3. The mea sur ing was
en tirely au tom a tized. Si mul ta neously, 20 GM tubes of
the same types were po si tioned in the mea sur ing sys -
tem. All the ex am ined tubes were set in a lead box with
15 cm thick sides (to pre vent the pos si bil ity of break -
down of the tubes due to sec ond ary cos mic ra di a tion).
The value of the d. c. volt age for each tube was equal to 
the value of the volt age at a work ing point. When ever
a break down hap pened in a GM tube, the time of the
break down was marked. Af ter 50 break downs the
value of the d. c. volt age in creased by 10 % and the
mea sure ment was re peated. This pro ce dure was re -
peated un til the d. c. volt age of GM tubes reached the
value of the d. c. break down volt age of GM tubes. The
same pro ce dure was prac ticed with al le vi at ing val ues
of the d. c. break down volt age. The min i miz ing of the
d. c. braeakdown volt age value was re peated un til the
sit u a tion when 100 hours passed with out spon ta ne ous
break down [13, 14].

For each value of the d. c. break down volt age,
the sta tis ti cal sam ple of the ran dom variate spon ta ne -
ous break down time was formed. Such a sta tis ti cal
sam ple was tested for qual i fi ca tion for Nor mal,
Weibull and dou ble-ex po nen tial dis tri bu tion. The test -
ing was done graph i cally by the Hi square test. The
anal y sis of such re sults en abled the de ter mi na tion of
fre quency of pos si bil ity for spon ta ne ous break down
of the GM coun ter tube. 

RE SULTS AND DIS CUS SION

No ble gases with the ad di tion of a mix ture for
quench ing are, con di tion ally, a com pletely re new able
in su la tion. How ever, the ini ti a tion of elec tric dis charge
within the GM tube re quires the ex is tence of free elec -
trons, the for ma tion of which is the big gest prob lem for
ob tain ing and in ter pre ta tion of the re sults as so ci ated
with the sta tis ti cal over view of the in su la tion prop er ties
of the GM coun ter in the con di tions of the de scrip tive
ex per i ment. Namely, sec ond ary cos mic ra di a tion is
con sid ered re spon si ble for the for ma tion of the larg est
num ber of free elec trons in gases. This source is im pos -
si ble un der the ex per i men tal con di tions due to the
shield ing. Other free elec tron sources (neu tral atom
ves sels from Maxwell's dis tri bu tion tail, col li sions of
metastables are also im pos si ble or have a neg li gi ble ef -
fi ciency). There fore, a spon ta ne ous break down of GM
tubes would be un likely if there were per fectly cooled
elec trode sur faces and a new one. This is con firmed by
the re sults shown in fig. 3.

Fig ure 3 shows the em pir i cal prob a bil ity of a
spon ta ne ous break down of a new com mer cial GM
tube, de pend ing on the time.

Fig ure 4 shows the em pir i cal prob a bil ity of a
con tin u ous breakdown of the used GM tube de pend -
ing on time.

Fig ure 5 shows the de pend ence of the spon ta ne -
ous break down em pir i cal prob a bil ity of the new com -
mer cial GM tube, non-uni form ge om e try (cy lin dri cal)
on the time, with a per cent age in crease in op er at ing
volt age as a pa ram e ter.

Fig ure 6 shows the de pend ence of the spon ta ne -
ous break down em pir i cal prob a bil ity of the new com -
mer cial GM tube of ho mo ge neous ge om e try
(plate-plate) on time, with a per cent age in crease in op -
er at ing volt age as a pa ram e ter.

Fig ure 7 shows the de pend ence of the spon ta ne -
ous break down em pir i cal prob a bil ity of the com mer -
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Fig ure 2. The work ing gas fil trat ing sys tem for the GM
counte; 1, 5, 10 – pres sure gauges, 2 4, 6, 8, 9, 11 – two-way
valves, 3 – GM count ing tube, 5 – pres sure gauge, 7 – fil ter,
12 – com pres sor

Fig ure 3. Em pir i cally de ter mined prob a bil ity of a
spon ta ne ous break down of the com mer cial GM tube
de pend ing on time; non-uni form ge om e try (cy lin dri cal);
ho mo ge neous ge om e try (plate-plate), break down time in 
days; ¾ non-uni form ge om e try, --- ho mo ge neous
ge om e try

Fig ure 4. Em pir i cally de ter mined prob a bil ity of a
spon ta ne ous break down of used GM tubes de pend ing on
time; 1 – GM tube of non-uni form ge om e try (cy lin dri cal) 
used for five years; 2 – GM tube of non-uni form
ge om e try (cy lin dri cal) used for one year; 3 – GM tube of
ho mo ge neous ge om e try (plate-plate) used for five years
and 4 – GM tube of ho mo ge neous ge om e try (plate-plate)
used for one year



cial GM tube used for five years on time, with a per -
cent age in crease in op er at ing volt age as a pa ram e ter.

Fig ure 8 shows the spon ta ne ous break down em -
pir i cal prob a bil ity of the com mer cial GM tube used for 
five years of ho mo ge neous ge om e try (plate-plate) de -
pend ing on time, with a per cent age in crease in op er at -
ing volt age as a pa ram e ter.

Fig ure 9 shows the break down em pir i cal prob a -
bil ity of the new GM tube of non – uni form ge om e try
(cy lin dri cal), de pend ing on time with a per cent age in -
crease in op er at ing volt age as a pa ram e ter.

Fig ure 10 shows the break down em pir i cal prob -
a bil ity of a GM tube used for five years of non-uni form 
ge om e try (cy lin dri cal), de pend ing on time with a per -
cent age in crease in op er at ing volt age as a pa ram e ter.

Fig ure 11 shows the break down em pir i cal prob -
a bil ity of a GM tube used for five years of ho mo ge -
neous ge om e try.

Fig ure 12 shows the de ter mined prob a bil ity of
spon ta ne ous break down of  a GM tube used for five
years of ho mo ge neous and non-uni form ge om e try be -
fore and af ter fil ter ing of op er a tion gas.

The ob tained re sults show that there is a spon ta -
ne ous break down of the GM coun ter tube in the con di -
tions of a long-term ex per i ment. Since the op er at ing
point of the GM coun ter tube is cho sen so that the tube
can hold in con di tions of a la bile bal ance, the spon ta -
ne ous break downs could be ex plained by small volt -
age fluc tu a tions and/or pres sure in the tube. How ever,
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Fig ure 5. The de pend ence of the spon ta ne ous break down 
em pir i cal prob a bil ity of the new com mer cial GM tube,
non-uni form ge om e try (cy lin dri cal) on the time, with a
per cent age in crease in op er at ing volt age as a pa ram e ter

Fig ure 6. De pend ence of the spon ta ne ous break down
em pir i cal prob a bil ity of the new com mer cial GM tube of
ho mo ge neous ge om e try on time, with a per cent age
in crease in op er at ing volt age as a pa ram e ter

Fig ure 7. Spon ta ne ous break down em pir i cal prob a bil ity
of a com mer cial GM tube used for five years non-uni -
form ge om e try (cy lin dri cal), de pend ing on time with a
per cent age in crease in op er at ing volt age as a pa ram e ter

Fig ure 8. The spon ta ne ous break down em pir i cal 
robability of the com mer cial GM tube used for five years
of ho mo ge neous ge om e try (plate-plate) de pend ing on
time, with a per cent age in crease in op er at ing volt age as a
pa ram e ter

Fig ure 9. The break down em pir i cal prob a bil ity of the
new GM tube of ho mo ge neous ge om e try (plate-plate),
de pend ing on time with a per cent age in crease in
op er at ing volt age as a pa ram e ter

Fig ure 10. The em pir i cally de ter mined break down
prob a bil ity of the GM tube used for 5 years of 
non-uni form ge om e try, de pend ing on time



for this kind of ex pla na tion, the ex is tence of a higher
den sity of free elec tron gas in the GM tube would be
re quired. Since free elec trons (po ten tially ini tial) oc -
cur mostly as a con se quence of sec ond ary cos mic ra di -
a tion, it can not be ex pected in the case of the shield ing
around the GM tube.

The oc cur rence of free elec trons as a re sult of a
col li sion of no ble gas neu tral at oms from the
Maxwell's dis tri bu tion tail can be the cause of ion iza -
tion and the emer gence of a free elec tron that can, un -
der the afore men tioned con di tions, ini ti ate a spon ta ne -
ous break down. The prob a bil ity of such a pro cess is
not big, and it should not have a cu mu la tive na ture
which is no tice able in the ex per i men tal re sults (i. e.,
such an ini ti ated oc cur rence of spon ta ne ous break -
downs should de pend on time).

Based on the in crease in the num ber of GM coun -
ter tube spon ta ne ous break downs, it can be con cluded
that there is pos i tive feed back be tween the break downs
(chro no log i cally ob served). That pos i tive feed back,
which leads to an in crease in the num ber of spon ta ne ous 
break downs over time, may be the con se quence of the
ap pear ance of con duc tive par ti cles in the gas and/or
elec trode to pog ra phy changes due to pre vi ous break -
downs. Namely, the spark by which the break down is
car ried out is in the state of thermo-ion ized plasma. Due
to the high tem per a ture, the spark is also sub ject to high
pres sure (in ac cor dance with the gas state equa tion).
The high tem per a ture leads to melt ing of the elec trode

sur faces at the point where the spark is formed. At the
mo ment of spark-sup pres sion, there is an ex plo sion of a
spar kle chan nel un der high pres sure (this ex plo sion is
the source of sound that can be heard dur ing the oc cur -
rence of any spark). Ex plo sion of the spark chan nel
causes the mol ten elec trode ma te rial scat ter ing into the
inter-elec trode space and cre ates a crater at the site of
the ex plo sion. The dis charged elec trode ma te rial in the
inter-elec trode space is cooled in drop let form (due to
the ef fect of sur face volt age). The formed crat ers usu -
ally have sharp edges [15, 16]

The ap pear ance of con duc tive par ti cles in the
elec trode space per turbs the elec tric field, and they can 
be come the source of new free elec trons by the ef fect
of cold emis sion. The re sult ing crat ers with their sharp
edges can also cre ate free elec trons by cold emis sion,
but also by the emis sion of pho tons that can ion ize at -
oms of no ble gas. The re sults of fig. 12 in di cate that
both of these phe nom ena are pres ent in com mer cial
GM tubes and that the par ti cle ap pear ance in the gas 
inter-elec trode space con trib utes to 40 % of spon ta ne -
ous break downs, and the elec trode to pog ra phy
changes by about 60 %. These phe nom ena are more
ex pressed with GM tubes with non-uni form fields due
to a larger in crease in the lo cal field near the par ti cles,
or the crater. Re gard ing the change in the num ber of
spon ta ne ous break downs with the in crease or de crease 
in op er at ing volt age, this is in line with the pre vi ous
con sid er ation.

CON CLU SION

Based on the re sults of long-last ing ex per i ments, 
it was found that the oc cur rence of spon ta ne ous break -
downs of the GM coun ter tube caused a pos i tive feed -
back. This feed back leads to an in crease in spon ta ne -
ous break downs over time. As a cause of the for ma tion 
of this feed back, ir re vers ible changes of the GM coun -
ter tube in su la tion sys tem were iden ti fied, dur ing the
break down. These changes are the re sult of punc tual
melt ing of elec trode sur faces dur ing break downs. The
melt ing of elec trodes leads to the ap pear ance of con -
duc tive par ti cles in the inter-elec trode space and crater 
for ma tion on elec trode sur faces. These changes cre ate
new free elec trons in the zone of high val ues of the
elec tric field, which ini ti ates spon ta ne ous dis charges.
In or der to re duce the ef fect of spon ta ne ous emis sion,
it is rec om mended to: (1) use GM tubes with a lower
de gree of non-uni for mity of the elec tric field; (2) use
ma te rial for the pro duc tion of elec trodes with a lower
out put op er a tion value, greater melt ing point value,
and higher ther mal con duc tiv ity val ues.
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Fig ure 11. Em pir i cally de ter mined break down prob a bil -
ity of the GM tube used for 5 years of ho mo ge neous
ge om e try (plate-plate) de pend ing on time with a
per cent age in crease in op er at ing volt age as a pa ram e ter

Fig ure 12. Em pir i cally de ter mined prob a bil ity of
spon ta ne ous break down of a GM tube used for 5 years 1 –
non ho mo ge neous (*) ge om e try be fore fil ter ing, 2 – ho mo -
ge neous (x) ge om e try be fore fil ter ing, 3 – non ho mo ge neous 
(*) ge om e try af ter fil ter ing, and 4 – ho mo ge neous (x) ge om -
e try af ter fil ter ing
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STATISTI^KI  PRIKAZ  IZOLACIONE
SPOSOBNOSTI  GAJGER-MILEROVOG  BROJA^A

U radu eksperimentalnog tipa razmatra se pojavqivawe spontanih prorada Gaj-
ger-Milerovog broja~a. Pod dobro kontrolisanim laboratorijskim uslovima ispitivano je koji
razlozi dovode do spontanog otkaza Gajger-Milerovog broja~a. Eksperimenti su obavqani pod
“stalnim naponom”. Ispitivane Gajger-Milerove komore bile su komercijalne komore radijalnog
elektri~nog poqa i homogenog elektri~nog poqa. Gajger-Milerove komore su eksperimen-
talno-statisti~kim metodama izabrane da imaju identi~ne karakteristike (sa 0,1 % statisti~ke
pouzdanosti). Eksperimentalno dobijeni rezultati pokazali su da i pod uslovima za{tite dolazi
do spontanog otpu{tawa Gajger-Milerovog broja~a. Tako|e je pokazano da ti otkazi pokazuju
kumulativni karakter. To je obja{weno pozitivnom povratnom spregom izme|u spontanih pokreta. 
Obja{wewe je potvr|eno i kvantifikovano eksperimentima sa filtrirawem radnog gasa.

Kqu~ne re~i: Gajger-Milerov broja~, spontani otkaz, eksperiment sa filtrirawem radnog
..........................gasa


