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In this pa per, the ap pli ca tion of three-com po nent gas mix tures as a work ing gas in Gei -
ger-Muel ler tubes was con sid ered. In ad di tion to the no ble and quench ing gas, an
electronegative gas is used, at the same time, as the third com po nent of gas mix ture. This pa -
per is mostly ex per i men tal. The ex per i ments are car ried out on the en larged Gei ger-Muel ler
coun ter tube model. By ap ply ing the sim i lar ity law for elec tric dis charges in gases on the
model and com mer cial Gei ger-Muel ler count ing tubes, the model was ver i fied. The ob tained
re sults showed that a small per cent age of SF6 gas, in the work ing gas, sta bi lize op er at ing point 
of Gei ger-Muel ler coun ter tubes and re duce dead time.
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IN TRO DUC TION

The Gei ger-Mueller coun ter (GM coun ter) is a
gas de tec tor whose work is based on gas mul ti pli ca -
tion, as in the case of a pro por tional coun ter. In a pro -
por tional coun ter, each pri mary elec tron gen er ates an
av a lanche that is in de pend ent of other av a lanches. In
the GM coun ter, a stron ger elec tric field is used, which
makes av a lanches more in tense. Above the crit i cal
value of the elec tric field, each av a lanche launches at
least one av a lanche, thus cre at ing a self-sustained dis -
charge known as Gei ger's dis charge. When a cer tain
fixed num ber of av a lanches are reached dur ing a sin -
gle dis charge, the col lec tive ef fect of all av a lanches
com pletes the chain re ac tion and dis charge ends. All
im pulses of the GM coun ter have the same am pli tudes, 
re gard less of the num ber of pri mar ily cre ated ionic
pairs that start the dis charg ing [1-4].

No ble gases (he lium or ar gon) are of ten used to
fill GM tubes. One more com po nent is added to in duce 
quench ing and thus avoid the ap pear ance of false im -
pulses. A gas that is added to no ble gases, in or der to
enhance quench ing, is called a quench ing gas. This
gas in the mix ture, par tic i pates with 5-10% and should
have lower ion iza tion en ergy and a more com plex mo -
lec u lar struc ture than the pri mary gas. Quench ing gas

pre vents the ap pear ance of false im pulses through a
col li sion with charge exchange. Pos i tive ions that
emerge dur ing dis charge, are ions of the pri mary gas.
Dur ing the drift of pos i tive ions to ward the cath ode,
they col lide with neu tral mol e cules, some of which are
the mol e cules of the quench ing gas. In the col li sion of
ions with mol e cules of the quench ing gas, there is a
ten dency of trans mit ting a pos i tive charge to a gas
mol e cule due to less ion iza tion en ergy. The pos i tive
pri mary gas ions are neu tral ized by tak ing of one elec -
tron, and the pos i tive ion of the quench ing gas con tin -
ues to drift in stead. If the con cen tra tion of the quench -
ing gas is large enough, the col li sion-trans mit ted
col li sions en sure, that all pos i tive ions that fi nally ar -
rive at the cath ode, are ions of the quench ing gas. Dur -
ing their neu tral iza tion, the ex cess en ergy is spent on
the dis so ci a tion of com plex mol e cules of this gas, in -
stead of the re lease of sec ond ary elec trons, thus pre -
vent ing the emer gence of ad di tional av a lanches. Most
of ten used quench ing gases are ethyl al co hol or a gas
of halo gen el e ments (chlo rine, bro mine) [5-7].

Ac cord ing to this mech a nism of the GM coun ter, 
the pres ence of electronegative gases in the mix ture is
not rec om mended. More over, ac cord ing to the lit er a -
ture, it is strictly for bid den. How ever, it is pos si ble that 
electronegative gases in the mix ture, by re duc ing free
elec trons, con trib ute to the re moval of false im pulses.
The aim of this pa per is to ex am ine how a small per -
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cent age of the electronegative SF6 gas, as the third
component in the work ing gas, af fects the char ac ter is -
tics of the GM coun ter.

ELEC TRIC DIS CHARGE IN GAS
MIX TURES

An elec tric break down in the gas is the re sult of
self-sus tain ing av a lanche pro cesses and de pends on
the mech a nisms of cre ation and loss of elec trons (in
the free elec tron gas). Math e mat i cal mod el ling of the
elec tri cal break down im plies knowl edge of el e men -
tary pro cesses in a gas, de scribed by ion iz ing co ef fi -
cients: a – num ber of free elec trons gen er ated per unit
of the path crossed in the di rec tion of the elec tric field;
h – the num ber of elec trons af fected by the electrone-
gative mol e cules per unit of path in the di rec tion of the
elec tric field, g – the num ber of free elec trons gen er -
ated for each pri mary av a lanche. The ion iza tion co ef -
fi cients do not have a con stant value but they change
de pend ing on the elec tric field and the pres sure [8, 9].

For cal cu lat ing the value of the d. c. break down
volt age (which rep re sents the value of the low est pos -
si ble break down volt age) of the two-elec trode gas in -
su lated sys tem, knowl edge of the elec tric field and
ion iza tion co ef fi cients, is needed. The ex per i men tal
value of the d. c. of the break down volt age is de ter -
mined by a d. c. volt age, whose rise time is much
greater than the time char ac ter is tic for el e men tary pro -
cesses in the gas. If sec ond ary pro cesses on elec trodes
are dom i nant, the break down takes place with the
Townsend mech a nism and its value is de ter mined on
the ba sis of the con di tions
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If the sec ond ary pro cesses in the gas are dom i -
nant, the break down takes place with the streamer
mech a nism and its value is de ter mined on the ba sis of
the con di tions
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The value of the d. c. break down volt age is the
de ter min is tic quan tity. Un like the d. c. break down
volt age, the im pulse break down volt age is sto chas tic
quan tity. The im pulse break down volt age is ob tained
when the volt age rise time is of the same or der of mag -
ni tude as the time char ac ter is tic for the el e men tary
pro cesses  in  the  gas [10, 11]. The de pend ence of the
d. c. break down volt age on the value of the prod uct pd
(pres sure ´ the interelectrode dis tance) is shown
graph i cally and is called the Paschen curve [12, 13].
The im pulse break down volt age is dis played by im -
pulse char ac ter is tics, i. e., the de pend ence of the
break down volt age on the time of the im pulse ef fect.
Im pulse char ac ter is tics are plot ted for each quantile

prob a bil ity of break down. As a char ac ter is tic of the
gas-in su lat ing iso la tion sys tem, im pulse char ac ter is -
tics of 0.1 % and 99.9 % of quantile prob a bil ity of the
break down are usu ally given [13-15].

Ex pres sions for ion iza tion co ef fi cients were
used to cal cu late the value of the d. c. break down volt -
age [12, 13]
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EX PER I MEN TAL DE TAILS

In the ex per i ment the model of a GM coun ter and
com mer cial GM coun ter are used (fig. 1) [14, 15]. The
re la tion ship be tween the di men sions of the GM model
and the com mer cial GM coun ter, in clud ing the mean
free path of the elec tron in the work ing gas, sat is fies the
gen eral sim i lar ity law for gas dis charges [16]. In the
GM coun ter model, the gas mix ture was lAr + 4 % Cl +
+.(0.96 – l) SF6. The per cent age of SF6 gas in the mix -
ture was 0 %,  1 %,  5 %,  10 %, 20 %, 30 %, 40 %, and
50 %. Work ing gas in a com mer cial GM coun ter was a
two-com po nent gas mix ture of 95 % Ar + 5 % Cl. The
com po si tion of the gas mix ture in the GM coun ter
model was formed on the ba sis of the law on the ad di -
tion of par tial pres sures. In this case, a gas cir cuit that
was used is pre sented in other pa per [14].

Dur ing the ex per i ment, d. c. and im pulse volt -
ages were used. The d. c. volt age had an in crease rate
of 8 Vs–1. d. c. volt age rip ple was less than 5 %. Used
im pulse volt age was the stan dard at mo spheric im pulse 
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Fig ure 1. Model (up) and com mer cial (down) GM
coun ter tube



of 1.2/50 ms. The value of the d. c. break down volt age
is mea sured by the volt age di vider and the mem ory
volt me ter. The im pulse break down volt age value was
mea sured by a com pen sated ca pac i tive di vider and a
dig i tal os cil lo scope (500 MHz). Dur ing the test, the
GM coun ter and test equip ment were gal van i cally sep -
a rated from mea sur ing equip ment, which was placed
in the mea sur ing cabin with pro tec tion greater than
100 dB. All mea sure ments were fully au to mated. The
com bined mea sure ment un cer tainty of the mea sure -
ment pro ce dure was less than 5% [17,18].

The ex per i men tal pro ce dure con sisted of the fol -
low ing steps: 1 – de ter mi na tion of 100 d. c. break down 
volt age val ues of the com mer cial GM tube, with a
pause of one min ute be tween two suc ces sive break -
downs; 2 – de ter mi na tion of 1000 d. c. val ues of the
break down volt age of the GM coun ter model with out
SF6 gas in the work ing gas, with a pause of 1 min ute
be tween two suc ces sive break downs; 3 – de ter mi na -
tion of 100 val ues of im pulse break down volt age of a
com mer cial GM tube with a break of 1 min ute be -
tween two suc ces sive break downs; 4 – de ter min ing
1000 val ues of im pulse break down volt age of the GM
coun ter model, with out SF6 gas in the work ing gas,
with a pause of 1 min ute be tween two suc ces sive
break downs; 5 – de ter mi na tion of 50 val ues of com -
mer cial GM coun ter dead time by the three-source
method; 6 – de ter mi na tion of 50 dead time val ues of
model of the GM coun ter, with out SF6 gas in the work -
ing gas, by the three-source method; 7 – mea sure ments 
of 50 val ues of d. c. break down  volt age  val ues of GM
coun ter model with 0 %, 1 %, 5 %, 10 %, 20 %, 30 %,
40 %, and 50 % of SF6 gas in the work ing gas, at pres -
sures of 1000 Pa, 1500 Pa, 2000 Pa, 2500 Pa, and 3000
Pa; 8 – re peat the mea sure ments  from  step  1  in  the
pres ence of 0 %, 1 %, 5 %, 10 %, 20 %, 30 %, 40 %,
and 50 % of SF6 gas in the work ing gas, and 9 – re peat
the  mea sure ments  from step 5 in the pres ence of 0 %,
1 %, 5 %, 10 %, 20 %, 30 %, 40 %, and 50 % of SF6 gas
in the work ing gas.

The ex per i men tally ob tained re sults were pro -
cessed in the fol low ing man ner: 1 – on all sta tis ti cal
sam ples of ran dom vari ables d. c. break through volt -
age, im pulse break down volt age and dead time,
Chauvenet's cri te rion for re ject ing un re li able mea sure -
ment re sults was ap plied [19];  2 – the such ob tained sta -
tis tic sam ples were tested for be long ing to the the o ret i -
cal sta tis ti cal dis tri bu tions of nor mal, Weibull and
dou ble-ex po nen tial [20]; 3 – for all sta tis ti cal sam ples,
the first, sec ond and third cen tral mo ments (i. e. mean,
stan dard de vi a tion and slope) ware de ter mined [21]; 4 – 
sta tis ti cal sam ples ob tained by pro ce dures 1 and 2, 3
and 4, 5 and 6 are chro no log i cally merged and di vided
into sub-sam ples with 10 ran dom vari ables to which
U-test of be long ing to the same sta tis ti cal sam ple
[22-24] was ap plied. The mean val ues of the ran dom
vari ables of sta tis ti cal sam ple ob tained in step 7 are de -
ter mined with the cal cu lated.

RE SULTS AND DIS CUS SION

Us ing the c2 test and the Kolmogorov test for
sta tis ti cal sam ples of d. c. break down volt age, ran dom
vari ables for the GM coun ter model and the com mer -
cial GM coun ter tube, were found to be long to the dou -
ble-ex po nen tial sta tis ti cal dis tri bu tion. Also, the same
dis tri bu tion is found for ran dom vari ables of im pulse
volt age. For sto chas tic sam ples of ran dom vari able of
dead time, it was found that they be long to Gaussi an
dis tri bu tion. In figs. 2 and 3, the d. c. and im pulse
break down volt age prob a bil ity dis played on pa per of
dou ble-ex po nen tial dis tri bu tion, for the model of the
GM coun ter tube and for the com mer cial GM coun ter,
were pre sented. Fig ure 4 shows the dead time ran dom
vari able for the model of GM coun ter and for the com -
mer cial coun ter tube. Based on the re sults shown in
figs. 2, 3, and 4, it can be stated that the GM coun ter
model and the com mer cial tube are be hav ing as an
iden ti cal two-elec trode sys tem iso lated by gas. This
con clu sion makes it pos si ble for all the re sults ob -
tained by test ing the GM coun ter model, to be di rectly
ap plied to a com mer cial GM tube. This re sult is a di -
rect con se quence of the prop erly ap plied law of sim i -
lar ity [25] and law of in creas ing prob a bil ity [26, 27],
when con struct ing the GM coun ter model. Namely,
when de sign ing the GM coun ter model, it was taken
into ac count that all geo met ric val ues be tween the GM
model of the coun ter tube and the com mer cial coun ter
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Fig ure 2. Ran dom vari able of d. c. break down volt age
dis played on dou ble ex po nen tial dis tri bu tion pa per
(é--- com mer cial GM coun ter; � – model of GM
coun ter)



tube are nec es sar ily pro por tional. In ad di tion, the

mean free path of the elec tron, which is in versely pro -
por tional to the pres sure of the gas, is also in cluded in
the geo met ric quan ti ties (based on the equa tion of the
gas state). This con clu sion is con firmed by the re sults
of the U-test, per formed on sta tis ti cal sam ples of ran -
dom vari ables of d. c. break down volt ages, im pulse
break down volt age and dead time, ob tained with the
model of GM coun ter tube (fig. 5).

Fig ure 6 shows the mean value and stan dard de -
vi a tion of sto chas tic sam ples, of d. c. break down volt -
age ran dom vari ables of the GM tube model, de pend -
ing on the pres sure with the per cent age share of SF6

gas in the mix ture, as a pa ram e ter. To gether with the
mean val ues and the stan dard de vi a tions, cor re spond -
ing nu mer i cal curves are also shown. Based on the re -
sults shown in fig. 6, it can be con cluded that ad di -
tional agree ment be tween ex per i men tal and nu mer i cal 
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Fig ure 3. Ran dom vari able im pulse break down volt age
dis played on dou ble ex po nen tial dis tri bu tion pa per (é--- 
com mer cial GM coun ter; � – model of GM coun ter)

Fig ure 4. Ran dom vari able dead time dis played on
Gaussi an prob a bil ity pa per (é--- com mer cial GM coun -
ter; � – model of GM coun ter)

Fig ure 5. U-test re sult for d. c. volt age val ues (up), im -
pulse volt age val ues (mid dle) and dead time val ues



val ues is ob tained, i. e., that the adopted math e mat i cal
model of the pro cess in the GM tube model is good and 
ap pli ca ble to this class of prob lems. It can also be con -
cluded that the ad di tion of SF6 gas to the mix ture, re -
sults in a smaller slope of the in crease of the d. c.
break down volt age curve, at the points to the right of
the min i mum. This re sult is im por tant from a sta tis ti cal 
point of view, as it points to the pos si bil ity of ob tain ing 
a more sta ble op er at ing point of GM coun ters from the
as pect of ag ing. Fig ures 7, 8, and 9 show the de pend -
ence of the dead time of the GM coun ter model on the
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Fig ure 6. De pend ence of the d. c. break down volt age
value on the gas pres sure

Fig ure 7. The de pend ence of the dead time on the
per cent age share of SF6 gas in the work ing gas for
pres sure value of 1000 Pa

Fig ure 8. The de pend ence of the dead time on the
per cent age share of SF6 gas in the work ing gas for
pres sure value of 1500 Pa

Fig ure 9. The de pend ence of the dead time on the
per cent age share of SF6 gas in the work ing gas for
pres sure value of 2000 Pa



per cent age share of SF6 gas in the work ing gas, with
the pres sure of the gas as a pa ram e ter. Fig ures 7, 8 and
9 show that by add ing a small per cent age of the SF6

gas to the mix ture, a con sid er able short en ing of the
dead time oc curs. With in creased pres sure, this ef fect
is less pro nounced. The ob tained re sult can be ex -
plained by the fact that SF6 gas, with its af fin ity to the
for ma tion of neg a tive ions, re moves free elec trons,
formed by thermoionization dur ing the pre vi ous dis -
charge. In this way, there is rapid clean ing of the work -
ing gas from the free, po ten tially ini tial elec trons,
which re sults in the short en ing of the dead time.

CON CLU SION

The ob tained re sults have prac ti cal ap pli ca tion
and en able the im prove ment of GM coun ters. Namely,
it has been shown that the work ing gas, as a three-com -
po nent mix of, no ble gas, gas and an electronegative
gas of a small per cent age share, en ables the con struc -
tion of GM coun ter tubes with a more sta ble op er at ing
point and short dead time. A more sta ble op er at ing
point is the con se quence of a smaller change of the
value of the break down volt age in re la tion to the pres -
sure, i. e., less de pend ence of the break down volt age
of GM coun ters from the pres sure change. This is es -
pe cially im por tant be cause the ba sic gas of GM coun -
ter tubes is a no ble gas which (due to a small atom di -
men sion and atomic struc ture) is dif fi cult to keep in an
en closed space and with time, changes in pres sure oc -
cur. Re duc tion of the dead time, achieved by add ing a
small per cent age of SF6 gas to the work ing gas, is the
most pref er a ble im prove ment of the com mer cial GM
count ing tubes. Fur ther test ing and ver i fi ca tion of the
re sults ob tained, should be aimed at ex am in ing the ef -
fects of add ing SF6 gas (and other electronegative
gases) to the work ing gas to which the ba sic gas is he -
lium (He).

AU THORS' CON TRI BU TIONS

Ex per i ments were car ried out by all the au thors.
All the au thors an a lyzed and dis cussed the re sults. The 
manu script was writ ten by L. Perazi}.
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PRIMENA  ELEKTRONEGATIVNOG  GASA  KAO  TRE]E
KOMPONENTE  U  RADNOM  GASU  GAJGER-MILEROVOG  BROJA^A

U radu se razmatra mogu}nost primene trokomponentnih gasnih sme{a, kao radnog gasa, u
Gajger-Milerovim broja~kim cevima. Pri tome se, kao tre}a komponenta, pored plemenitog gasa i
gasa za ga{ewe, koristi i elektronegativni gas. Rad je prete`no eksperimentalnog karaktera.
Eksperimenti se obavqaju na vi{estruko uve}anom modelu Gajger-Milerove broja~ke cevi.
Primenom zakona sli~nosti za elektri~na pra`wewa u gasovima, na model Gajger-Milerove
broja~ke cevi i komercijalnu Gajger-Milerovu cev, izvr{ena je verifikacija modela. Dobijeni
rezultati pokazali su da mali procentualni udeo SF6 gasa u radnom gasu stabilizuje radnu ta~ku
Gajger-Milerovog broja~a i skra}uje mrtvo vreme.

Kqu~ne re~i: Gajger-Milerov broja~, radni gas, elektronegativan gas


