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The pa per dis cusses the pos si bil ity of im prov ing the char ac ter of gas surge ar rest ers. Ex am -
ined were: the mag netic field ef fect, the ef fect of the hol low cath ode, and the ef fect of the al -
pha ra di a tion source 241Am. Nu mer i cal and real ex per i ments con ducted are pre sented to -
gether with the o ret i cal in ter pre ta tions of the ob tained re sults. Real ex per i ments were car ried
out on a model of a gas surge ar rester spa tially con structed for ex per i ments pre sented in this
pa per. The model was de signed in such a way that it was pos si ble to change all the rel e vant pa -
ram e ters of the gas surge ar rester model. Ex per i ments were con ducted un der well-con trolled
lab o ra tory con di tions. The tests were per formed with d. c. and im pulse volt age. The re sults
ob tained by ex per i ments were pro cessed by so phis ti cated sta tis ti cal meth ods. The ex pressed
mea sure ment un cer tainty of the ex per i men tal pro ce dure showed a high sta tis ti cal re li abil ity
of the ob tained re sults. Based on the re sults of the re search, the model of a gas surge ar rester,
in which the ef fect of the hol low cath ode and the ra dio ac tive source 241Am were com bined,
un am big u ously proved to have the best char ac ter is tics.
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IN TRO DUC TION

The gas surge ar rest ers (GSA) are el e ments pri -
mar ily uti lized for overvoltage pro tec tion at the low
volt age level. The main ad van tages of GSA are high
power dis si pa tion and a pos si bil ity to be used in the
hy brid pro tec tion cir cuit. The main dis ad van tages of
GSA are a rel a tively slow re sponse, ir re vers ible
changes in char ac ter is tics over time and long-term
deconditioning [1, 2]. 

The gas surge ar rester con sists of two iden ti cal
metal elec trodes in the ce ramic or glass tube filled with 
no ble gas at low pres sure (in the Ger man lan guage
known as a no ble gas fuse). The elec trodes are usu ally
made of a ma te rial with a small value of the work func -
tion. The elec tric field in the interelectrode gap is ho -
mo ge neous or pseudo ho mog e nous. The work ing
point of GSA is de ter mined by prod uct p × d (pres sure
× interelectrode dis tance) and should be sta ble dur ing
the time of ex ploi ta tion. Com mer cially GSA with
three elec trodes is also avail able [3, 4].

Di verse pa pers have con sid ered prac ti cal so lu -
tions and ma te rial se lec tion with the aim of sta bi liz ing
work ing points of gas surge ar rest ers thereby in creas ing 
the speed of their re sponse [5, 6]. The re cently pub -
lished pa pers have con sid ered and sub se quently of fered 
a so lu tion of the prob lem of the GSA long-term
deconditioning. Even though sat is fac tory re sults have
been re ported, the re sult ing so lu tion is of ten in con flict
with the de mand for small or ir re vers ible changes of gas 
in su la tion of GSA re sult ing in a life ex pec tancy short -
en ing. The GSA func tion ing is based on mul ti ple break -
downs which cause changes on the elec trodes sur faces
and con se quently chang ing the to pog ra phy and other
ero sive prop er ties. These break downs cause gas ion iza -
tion and changes of the gas com po si tion (par tic u larly
the com po si tion prop erty per tain ing to elec trode ma te -
rial evap o ra tion). For that rea son, GSA dur ing some
time (the dead or re cov ery time) is out of func tion.

The aim of this pa per is to ex am ine the pos si bil -
ity of achiev ing the pos i tive syn er gis tic ef fect on the
char ac ter is tics of GSA us ing al pha ra di a tion, the hol -
low cath ode ef fect, and a mag netic field. The pro posed 
method is pre dom i nantly ex per i men tal. In ter pre ta tion
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of the ob tained re sults is based on the in ter ac tion of nu -
clear ra di a tion with ma te rial the ory com bined with
elec tric dis charges in gas di elec trics the ory.

THE O RET I CAL BACK GROUND

Static gas break down

Self-sus tained av a lanche pro cesses re sult in the
elec tri cal break down of any gas, which is de pend ent on
the rel a tive ac tiv ity per tain ing to the func tion ing of the
gen er a tion-and-loss mech a nism of an elec tron. El e men -
tary pro cesses in the gas are de scribed as is re quired by
math e mat i cal mod el ing. Fur ther more, av a lanche co ef fi -
cients are con sid ered for these el e men tary pro cesses.
More spe cif i cally, the av a lanche co ef fi cients, which are
the most fre quently uti lized, are the fol low ing ones:
– a-num ber of elec tronic ion iza tion col li sions per

cm of dis tance in the di rec tion of the elec tric field,
– h-num ber of elec trons per cm of dis tance in the di -

rec tion of the field at tached to elec tri cally neg a -
tive at oms or mol e cules, and

– g-num ber of elec trons gen er ated from sec ond ary
pro cesses per each pri mary av a lanche.

The con stant value of cer tain gas or gas mix ture
is not oblig a tory for the av a lanche co ef fi cients. More -
over, this value var ies with re gard to pres sure and elec -
tric field
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where C1 and C2 are ex per i men tally de ter mined con stants.
For he lium, C1 = 2.1 Pa–1m–1 and C2 = 25.5 V Pa–1m–1.

The value of g co ef fi cient is de pend ent upon many
fac tors and, ac cord ingly, has the scope from 10–4 to 10–9 

[6].
The elec trode ge om e try, as well as the vari a tion

of the av a lanche co ef fi cients, should be con sid ered to
cal cu late the low est pos si ble break down volt age value 
in a two-elec trode sys tem. The ap pli ca tion of the ris -
ing volt age seems to be slow when com pared with the
time char ac ter is tics for the el e men tary pro cesses in
gas but leads to the low est pos si ble break down. Ad di -
tion ally, such a volt age is of ten re ferred to as the static
volt age (d. c. volt age). It is the Townsend cri te rion that
gov erns the static break down volt age in the case when
the sec ond ary pro cesses on the elec trodes (ionic dis -
charge, photoemission, metastable dis charge) con trol
the sec ond ary pro cesses in gas (ion iza tion by pos i tive
ions, photoionization, metastable ion iza tion).
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In the case when the sec ond ary pro cesses in gas
dom i nate the sec ond ary pro cesses on elec trodes, the
static break down volt age is in the form of stream ers
that are de ter mined by the cri te rion
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Dy namic gas break down

Pre lim i nary con sid er ation of gas break down did
not take into ac count the time of volt age load. For that
rea son, pre vi ous con sid er ation is only valid when the
time char ac ter is tic of load volt age is much lon ger than
the time char ac ter is tic for el e men tary pro cesses of
elec tric dis charge in gases. Such a break down, as men -
tioned, is called static volt age (d. c. volt age) gas break -
down. In the case when the char ac ter is tic time of volt -
age change is com pa ra ble with the char ac ter is tic time
for el e men tary pro cesses of elec tric dis charge in
gases, then it is an im pulse gas break down. On the one
hand, val ues of d. c. break down volt age (es pe cially in
a ho mo ge neous field) are de ter min is tic. On the other
hand, val ues of im pulse break down volt age are sto -
chas tic [7, 8]. In prac tice, gas in su la tion, in flu enced by 
im pulse volt age, is char ac ter ized by the so-called
volt-sec ond char ac ter is tic. The volt-sec ond char ac ter -
is tic is most of ten shown as an area in a volt-sec ond
plane in which are all val ues of im pulse break down
volt age with cer tain ac cu racy, re gard less of the shape
of the im pulse it self. Since the ex per i men tal de ter mi -
na tion of im pulse char ac ter is tic by time is ir ra tio nal, it
is usu ally used semi-em pir i cal Area Law [9].

The der i va tion of the Area Law takes as its start -
ing point the as sump tion that the plasma in the
inter-elec trode re gion ex tends at a rate V(x, t) that ex -
hib its the lin ear in crease within the elec tric field [10]

V x t k E x t E x( , ) [ ( , ) ( )]= - S (4)

where k is a fac tor de pend ing on the volt age po lar ity,
ES – the elec tric field that cor re sponds to the d. c.
break down volt age US. Fur ther more, the elec tric field
can be ex pressed as a prod uct of a time-de pend ent and
space de pend ent part
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As sum ing k is con stant across the inter-elec trode 
gap then
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where t1 re fers to the mo ment at which the pulse of the
load volt age at tains the value of d. c. break down volt -
age, x = xk – the point within the re gion where the
Townsend mech a nism is con verted into the streamer
mech a nism, and t = t1 + ta – the in stant that fol lows this
change [11, 12]. More over, there must be a con stant
geo met ri cal area P in the volt age-vs.-time co or di nate
sys tem de lim ited by U(t) and US to bring the oc cur -
rence of a break down, which fol lows from eq. (6). 

If the 1 % and 99 % prob a bil ity quantiles of im -
pulse break down volt age and d. c. break down volt age
are known, then the ar eas P1 and P99 can be cal cu lated
from eq. 3. This is par tic u larly pos si ble through the de -
ter mi na tion of P1 and P99 ar eas and dis play ing im pulse 
char ac ter is tics of quantiles prob a bil ity per tain ing to
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the im pulse break down volt age the scope of which
ranges be tween 1 % and 99 %. All val ues of the points
(break down volt age, break down time) lie be tween
these two im pulse char ac ter is tics the prob a bil ity of
which is greater than 1 % and less than 99 %.

Elec tron in elec tro mag netic field

If a par ti cle of mass m and charge q moves with
ve loc ity 

r
V in the di rec tion nor mal to the lines of mag -

netic field in duc tion 
r
B then Lo rentz force 

r
F acts on the

par ti cle in the di rec tion nor mal to 
r

V and 
r
B. When the

vec tors 
r

V and 
r
B are or thogo nal fol lows for Lo rentz

force 
r
F, fig. 1

F VBqL = (7)

The ra dius r of the cur va ture of the par ti cle path,
the ra dius of its or bit, is de ter mined by the bal ance be -
tween Lo rentz force FL and cen trif u gal force F which
acts on the par ti cle. From there it fol lows

r
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qB
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The ef fect of the hol low cath ode

The hol low cath ode ef fect is very use ful as an
elec tronic gen er a tor. Within the cav ity of the cath ode,
the elec trons ac cel er ate from one side of the cav ity to
the other and in the same time mov ing to wards the an -
ode. So, an elec tronic mul ti pli ca tion is per formed un -
der the con di tion that the di am e ter of the cav ity is
greater than the mean free path of an elec tron, fig. 2.
This ef fect is also known as “pen du lum ef fect” and it is 
es ti mated that it can pro duce the elec tronic cur rent
den sity of over 10 Acm–2.

Cal cu la tion of d. c. breakdown volt age

To cal cu late d. c. break down volt age of the
bi-elec trode sys tem in su lated by gas un der known
pres sure the fol low ing three pa ram e ters should be
con sid ered: (1) elec tric field in the inter-elec trode gap; 

(2) elec tri cal break down mech a nism, and (3) the
Townsend ion iza tion co ef fi cient de pend ence vs. the
ra tio of elec tric field value and pres sure.

The pro gram spe cif i cally tai lored and de vel oped 
for the pur poses of this pa per cal cu lated the elec tric
field in the inter-elec trode gap by means of the charge
sim u la tion method. Backed by the given elec trode
con tours, a num ber of imag i nary charges and num ber
of con trol points the pro gram was also able to de ter -
mine on its own both the type and po si tion of imag i -
nary charge. Fur ther more, the pro gram was also ca pa -
ble of de ter min ing the po si tion of con trol and con tour
points, the field lines, and equipotential lines as well as 
max i mal elec tric field lines.

Pro vided that the work ing point of GSA is in the
area where the Townsend break down mech a nism is
dom i nant, the break down volt age should be cal cu lated 
by eq. 2. The Townsend ion iz ing co ef fi cients were uti -
lized to cal cu late d. c. break down volt age value, eq.1.

The def i nite cal cu la tion of d. c. break down volt -
age value was car ried out by tak ing as a start ing point
an as sump tion of the lin ear in crease of volt age (vs. a
pa ram e ter t), while the ful fill ment of con di tion (1) was 
checked for two points (so that the left side of the eq. 1
was less than zero at one point, while it was above zero
in the other). We de ter mined d. c. break down volt age
value with pre de ter mined er ror mar gin in an
above-de scribed way, and by uti liz ing the re pet i tive
pro ce dure.  The pro gram flow chart of d. c. break down 
volt age value cal cu la tion is given in fig. 2 [13].

Ex per i ment and pro cess ing of
ex per i men tal re sults

The ex per i ments were car ried out on the model
of a gas-filled surge ar rester (here in af ter re ferred to as
model), fig. 4. The ax i ally sym met ri cal model was de -
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Fig ure 1. Il lus tra tion of the Lo rentz force

Fig ure 2. Flowchart for cal cu la tion of d.c. break down
volt age value



signed so that was pos si ble to change: 1 – elec trodes; 2
– interelectrode dis tance; 3 – a type of work ing gas and 
4 – the pres sure of work ing gas. Dur ing the mea sure -
ment, the model is placed in a per ma nent mag netic
field di rected along the ax ial axis.

The used elec trodes were made of brass with a
form of Rogovsky. For ev ery interelectrode dis tance, an -
other pair of elec trodes was made in ac cor dance with the

equipotential cal cu la tion of the elec tric field in the
interelectric space (the edge of the elec trode type
Rogovsky fol lows the equipotential line). The method of
the elec tric charge sim u la tion was used for cal cu lat ing
the elec tric field [14].  A cav ity with the ra dius of 0.1 mm
and a depth of 1 mm was formed along the co ax ial axis in
the elec trode which was used as a cath ode. At the bot tom
of this cav ity was 241Am (a emit ter, 5.6 MeV, 432 years
halftime) pro tected by a mesh. On the un der side of the
an ode there was a pos si bil ity to in sert one or two cy lin -
dri cal mag nets whose ra tio of height and ra dius was 1
and rem nant in duc tion was 0.25 T. The mag netic field
along the ax ial axis was 0.085 T and 0.11 T, see fig. 3. Be -
fore each in stal la tion, the elec trodes are pol ished to high
gloss.

The interelectrode dis tance was set in the fol low -
ing way: 1 – the elec trodes are brought to dis tance 0
(what is de ter mined by mea sur ing elec tri cal re sis tance
be tween the elec trodes); 2 – ad just ment of the
interelectrode dis tance by the ro tate shift ing of the
elec trode mo bile holder and by dig i tal mi crom e ter and
3 – strength en ing of the elec trode mo bile holder. The
interelectrode dis tances dur ing the mea sure ment were
0.2 mm, 0.5 mm, and 1 mm. Dur ing the mea sure ment,
the pres sure var ied from 5000 Pa to 50000 Pa, steps
500 Pa.

Choice of work ing gas type and ad just ing pres -
sure val ues was made us ing a gas cir cuit shown in fig.
5. The pres sure ad just ment was car ried out dur ing the
in stal la tion of the cham ber in the gas cir cuit in the fol -
low ing way: 1 – vac u um ing the cham ber and the gas
cir cuit to pres sure 1 mPa; 2 – fill ing with work ing gas
up the pres sure of 105 Pa; 3 – re peat ing 3 times the
steps 1 and 2 with fi nal vac u um ing; 4 – ad just ing the
de sired pres sure value (with nee dle valve) re duced to
0 °C and 5 – turn ing the cham ber on gen er a tor. The
high pu rity He lium was used as a work ing gas.

The d. c. gen er a tor had a flow rate 8 Vs–1. The
value of the break down volt age was mea sured by ohm
volt age di vider and mem ory volt me ter. The im pulse
gen er a tor was ad justed on a stan dard at mo spheric volt -
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Fig ure 3. Elec trode sys tem and hol low cath ode
mech a nism: 1 – hol low cath ode type Rogovsky, 2 – an ode
type Rogovsky, 3 – Alnico mag nets, 4 – the cav ity, 5 – the
mesh, 6 – the fine screw thread, 7 – 241Am

Fig ure 4. GFSA model: (a) model scheme and
(b) model photo

Fig ure 5. Gas cir cuit; 1 – ab so lute in stru ment, 2 – rel a tive 
in stru ment, 3 – cham ber, 4 – vac uum pump, VA1, VA2,
VA3, VA5, VA6 are two-po si tion valves, VA4 is a dos ing
valve (nee dle valve)



age im pulse with shape 1.2/5 µs of the am pli tude. The
im pulse break down volt age was mea sured with com -
pen sated ca pac i tor di vider and with the os cil lo scope of
500 MHz. The mem ory volt me ter and the os cil lo scope
were placed dur ing the mea sure ment in the pro tec tive
cabin with pro tec tion greater than 100 dB. The pro tec -
tive cabin had its own power sup ply and was gal van i -
cally sep a rated from the mea sur ing sys tem.

For one value of d. c. break down volt age, 20 val -
ues of the d. c. break down volt age were mea sured. For
one value of the im pulse break down volt age, 100 val -
ues of the im pulse break down volt age were mea sured.
Such se lec tion of the sta tis ti cal sam ples size pro vided
re li able sta tis ti cal con clu sions ac cord ing to t-test. A
break of 1 min ute was made be tween the two suc ces -
sive break downs.  Prior to each mea sure ment se ries,
the elec trode sys tem was con di tioned with 50 suc ces -
sive break downs of d. c. volt age. For de ter min ing im -
pulse char ac ter is tic, 5000 im pulse break down volt -
ages and 20 d. c. break down volt ages were mea sured
for the same value of pd vari able. The ob tained sta tis ti -
cal sam ples of the ran dom vari ables “d. c. break down
volt age” and “im pulse break down volt age” were pro -
cessed as fol lows: 1 – pu ri fi ca tion of the sta tis ti cal
sam ple from sus pected mea sure ment re sults by us ing
the mod i fied Chauvenet's cri te rion; 2 – check ing the
be long ing of all ran dom vari ables “d. c. break down
volt age” to the same sta tis ti cal sam ple by us ing the U
test; 3 – test ing the sta tis ti cal sam ples for af fil i a tion on
Nor mal, Weibull and Dou ble ex po nen tial dis tri bu tion; 
4 – de ter mi na tion of the cen tral mo ments from the ob -
tained sta tis ti cal sam ples.

Based on the ob tained ex per i men tal re sults, d. c.
and im pulse Paschen curves points were de ter mined. In
ad di tion to ex per i men tal points of d. c. Paschen curves,
the o ret i cal curves are drawn, ob tained on the ba sis of
the Townsend cri te rion, eq. 2. Be side d. c. and im pulse
Paschen curves, the im pulse char ac ter is tics are drawn
based on the Area Law. In do ing so, all pa ram e ters of
the ex per i ment were changed: 1 – cath ode with and
with out cav ity; 2 – hol low cath ode with and with out a
ra dio ac tive sam ple; 3 – the value of mag netic in duc tion
along the ax ial axis of the interelectrode dis tance (0 T,
0.085 T, and 0.11 T); 4 – the interelectrode dis tance.

The mea sure ment un cer tainty Type A is de ter -
mined by meth ods of math e mat i cal sta tis tics. The
mea sure ment un cer tainty Type B is de ter mined by
Monte Carlo and an a lyt i cal meth ods. In the mea sure -
ment un cer tainty Type B are in cluded the mea sure -
ment un cer tainty Type B of all used in stru ments (given 
by pro duc ers). The com bined mea sure ment un cer -
tainty is de ter mined by a method from the ref er ences
[15-17] and was less than 7 %.

RE SULTS AND DIS CUS SIONS

As shown in fig. 6 the ex per i men tally ob tained
val ues of d. c. break down volt age de pend ing on the
pres sure of the gas He. The interelectrode dis tance was 

0.5 mm. The shown ex per i men tal re sults re fer to the
next cases: 1 – an ode type Rogovsky, cath ode type
Rogovsky, with out the mag netic field; 2 – an ode type
Rogovsky, cath ode type Rogovsky, with the mag netic
field 0.085 T; 3 – an ode type Rogovsky, cath ode type
Rogovsky, with the mag netic field 0.11 T; 4 – an ode
type Rogovsky, cath ode type Rogovsky, with cav ity,
with out the mag netic field and 5 – cath ode type
Rogovsky, with 241Am as the ra di a tion source in the
cav ity. In ad di tion to the ex per i men tally ob tained
points,  in  fig. 7  are  also  shown the fol low ing curves:
1 – the o ret i cal de pend ence of d. c. break down volt age
val ues from the pres sure for the interelectrode dis -
tance 0.5 mm (ac cord ing to Paschen cri te rion); 2 – fit -
ted curves de pend ency of the break down volt age val -
ues from the pres sure, for the interelectrode dis tance
as a pa ram e ter (with the mag netic field 0.085 T); 3 –
fit ted curves de pend ency of the break down volt age
val ues from the pres sure, for the interelectrode dis -
tance as a pa ram e ter (with the mag netic field 0.11 T).
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Fig ure 6. The ex per i men tally ob tained val ues of d. c.
break down volt ages ver sus pres sure fit ted by Paschen
curve with an interelectrode gap as the pa ram e ter:
C – the elec trodes type Rogovsky; Ú – the elec trodes type
Rogovsky with the mag netic field 0.085T in the
interelectrode gap; � – the elec trodes type Rogovsky with the 
mag netic field 0.11T in the interelectrode gap

Fig ure 7. The ex per i men tally ob tained val ues of d. c.
break down volt ages vs. pd prod uct and the o ret i cally
de ter mined Paschen curve;
� – the elec trodes type Rogovsky with the mag netic field 0.11 T in
the interelectrode gap; Ú – the elec trodes type Rogovsky with the
mag netic field 0.085 T in the interelectrode gap; C – the
elec trodes type Rogovsky with 241Am as the ra di a tion source in
the cav ity
*pd – prod uct of pres sure and interelectrode dis tance



As shown in fig. 7 the ex per i men tally ob tained
val ues of Paschen curve for He re fer to the next cases:
1 – an ode type Rogovsky, cath ode type Rogovsky,
with out the mag netic field and 2 – an ode type
Rogovsky, with the mag netic field 0.085 T, cath ode
type Rogovsky, with 241Am as the ra di a tion source in
the cav ity. In ad di tion to the ex per i men tally ob tained
points, in fig. 7. the cor re spond ing Paschen curve ob -
tained ac cord ing to Townsend cri te rion is also shown.

As shown in fig. 8 the ex per i men tally ob tained
val ues of the im pulse break down volt age de pend on
the pres sure of the gas He. The interelectrode dis tance
was 0.5 mm. The shown ex per i men tal re sults re fer to
the next cases: 1 – an ode type Rogovsky, cath ode type
Rogovsky, with out the mag netic field; 2 – an ode type
Rogovsky, cath ode type Rogovsky, with the mag netic
field; 3 – an ode type Rogovsky, cath ode type
Rogovsky, with cav ity, and 4 – an ode type Rogovsky,
cath ode type Rogovsky, with 241Am as the ra di a tion
source in the cav ity.

As shown in fig.  9  1 % and 99 % im pulse char -
ac ter is tics ob tained by the im pulses 1.2/50 µs and by
the Area Law re fer to the next cases: 1 – an ode type
Rogovsky, cath ode type Rogovsky and 2 – an ode type
Rogovsky, cath ode type Rogovsky, with the mag netic
field 0.085 T.

As shown in fig. 10  1 % and 99 % im pulse char -
ac ter is tics ob tained by the im pulses 1.2/50 µs and by
the Area Law re fer to the next cases: 1 – an ode type
Rogovsky, cath ode type Rogovsky, with cav ity and 2 – 
an ode type Rogovsky, cath ode type Rogovsky, with
241Am as the ra di a tion source in the cav ity.

The re sults de picted in fig. 6 show that: 1 – the ex -
per i men tally ob tained re sults for the elec trode con fig u -
ra tion an ode type Rogovsky – cath ode type Rogovsky

agree well with a the o ret i cally cal cu lated curve in the
points on the right side of the min i mum. In the points on
the left side next to the min i mum, co mes to stan dard de -
vi a tion be tween the the o ret i cally cal cu lated val ues and
ex per i men tally ob tained val ues. The dif fer ence left to
the min i mum can be ex plained by the Anom a lous
Paschen ef fect (es pe cially char ac ter is tic for elec trodes
type Rogovsky [17]); 2 – the ex per i men tally ob tained
re sults for the elec trode con fig u ra tion an ode type
Rogovsky – cath ode type Rogovsky with the mag netic
field 0.085 T in the interelectrode gap, show higher val -
ues than the re sults ob tained with out mag netic field.
The dif fer ence be tween these two re sult groups is about
10 % right to the min i mum. The dif fer ence left to the
min i mum is sig nif i cantly lower and is within the sta tis -
ti cal er ror. Such a re sult can be ex plained by the ef fec -
tive in crease of the interelectrode dis tance due to the
mag netic field. This con clu sion is con firmed by the fact
that with fit ting the re sults a very good agree ment was
ob tained right to the min i mum for d = 0.61 mm (d is the
interelectrode dis tance). In the points on the right side
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Fig ure 8. Val ues of the im pulse break down volt ages with
er ror bars: C an ode type Rogovsky, cath ode type Rogovsky,
with 241Am as the ra di a tion source in the cav ity; Ç an ode
type Rogovsky, cath ode type Rogovsky, with the mag netic
field; 4 an ode type Rogovsky, cath ode type Rogovsky, with
cav ity; B an ode type Rogovsky, cath ode type Rogovsky, with -
out the mag netic field

Fig ure 9. 1 % and 99 % im pulse char ac ter is tics for the
elec trode con fig u ra tion: — an ode type Rogovsky, cath ode
type Rogovsky with out the mag netic field (di a grams 1 and 2
re spec tively); — — — an ode type Rogovsky,
cath ode type Rogovsky, with the mag netic field
0.085 T(di a grams 3 and 4 re spec tively)

Fig ure 10. 1% and 99% im pulse char ac ter is tics for the
elec trode con fig u ra tion: - an ode type Rogovsky, cath ode
type Rogovsky), with a cav ity(di a grams 1 and 2
re spec tively; - - - an ode type Rogovsky, cath ode type
Rogovsky, with 241Am as the ra di a tion source in the
cav ity(di a grams 3 and 4 re spec tively)



of the min i mum the mag netic field brings to the in -
crease of the Anom a lous Paschen ef fect; 3 – the ex per i -
men tally ob tained re sults for the elec trode con fig u ra -
tion an ode type Rogovsky – cath ode type Rogovsky
with the mag netic field 0.11 T in the interelectrode gap,
show the same be hav ior as when the mag netic field is
0.085 T but only strongly ex pressed; 4 – the ex per i men -
tally ob tained re sults for the elec trode con fig u ra tion an -
ode type Rogovsky – cath ode type Rogovsky with the
cav ity and with out cav ity have good agree ment. The
only dif fer ence is when the cath ode is with the cav ity;
then it co mes to de creas ing of the stan dard de vi a tion for
the sta tis ti cal sam ples of the ran dom vari ables d. c.
break down volt age (about 50 %); 5 – the ex per i men -
tally ob tained re sults for the elec trode con fig u ra tion an -
ode type Rogovsky – cath ode type Rogovsky with and
with out 241Am as the ra di a tion source in the cav ity have
good agree ment. The ba sic dif fer ence is that the stan -
dard de vi a tion for the sta tis ti cal sam ple of the ran dom
vari able d. c. break down volt age is zero when 241Am is
in the cath ode cav ity. This re sult is very im por tant for
the use of the gas surge ar rest ers.

As can be seen in fig. 7 the Anom a lous Paschen
ef fect oc curs in the points left from the Paschen min i -
mum for all three con fig u ra tions of the elec trodes. The 
Anom a lous Paschen ef fect is most ex pressed for the
elec trode con fig u ra tion an ode type Rogovsky, cath -
ode type Rogovsky with the mag netic field. The
Anom a lous Paschen ef fect is least ex pressed for the
elec trode con fig u ra tion an ode type Rogovsky, cath -
ode type Rogovsky with 241Am. This re sult is ex -
plained as fol lows: 1 – in the case when the mag netic
field is pres ent in the interelectrode gap, the break -
down may oc cur along a num ber of field lines of var i -
ous lengths of elec tron paths and 2 – in the case when
ra dio ac tive source 241Am is pres ent, con cen tra tion of
free elec trons, po ten tially ini tial, is sig nif i cantly
higher in the cen ter of the interelectrode gap than in the 
edge ar eas of elec trodes so all break downs take place
in cen tral area of the interelectrode gap (along the
short est line of the elec tric field equal to interelectrode
dis tance).

The re sults de picted in fig. 8 show that mean val -
ues and stan dard de vi a tion for the sta tis ti cal sam ple of
the ran dom vari able d. c. break down volt age have
higher val ues with the mag netic field. The in crease of
the stan dard de vi a tion is higher than the in crease of the 
mean value. Lower mag netic field val ues cor re spond
to lower in crease of stan dard de vi a tion and mean
value (for B = 0.085 T, DU » 10 %, Ds » 14 %; for B =
0.11 T, DU » 17 %, Ds » 21 %).

The re sults de picted in fig. 9 show that the mag -
netic field in the interelectrode dis tance raises the volt -
age level of the im pulse char ac ter is tics. Also, the mag -
netic field ex pands the area be tween 1 % and 99 % of
the im pulse char ac ter is tics. These are un de sir able ef -
fects for the pro tec tive func tion of the surge ar rester.

The re sults de picted in fig. 10 show that the elec -
trode con fig u ra tion an ode type Rogovsky – cath ode
type Rogovsky with cav ity low ers volt age level of the

im pulse char ac ter is tics and nar rows the area be tween
1 % and 99 % of the im pulse char ac ter is tics re gard ing
the con fig u ra tion with out a cav ity. Based on the lat ter,
it can be con cluded that the ef fect of the hol low cath -
ode im proves char ac ter is tic of the gas surge ar rest ers.
How ever, the same fig ure shows that when 241Am is in
the cath ode cav ity, the char ac ter is tics of the gas surge
ar rest ers are dras ti cally im proved.

CON CLU SIONS

The dis cussed pos si bil i ties of im prov ing the pro -
tec tion char ac ter is tics of gas surge ar rest ers gave two
re sults. Both re sults can be con sid ered sig nif i cant. It
was found that the gas surge ar rester in the mag netic
field loses its nom i nal char ac ter is tics i. e. there is an in -
crease in the con duc tiv ity char ac ter is tics. Such a
change threat ens the pro tected com po nents be cause
the pa ram e ters were changed ac cord ing to which the
cal cu la tion of co or di nat ing iso la tion at the low volt age 
level was per formed. This re sult is im por tant to con -
sider when there is a pos si bil ity that the gas surge ar -
rester could be in the mag netic field dur ing op er a tion.
An other, more sig nif i cant, is the re sult that 241Am as
the ra di a tion source in the cath ode cav ity sub stan tially
im proves the pro tec tive char ac ter is tics of the gas surge 
ar rest ers. This ef fect is due to the syn ergy of the hol -
low cath ode ef fect and the ef fect of ion iz ing ra di a tion.
The gas surge ar rest ers, de signed to con sider this ef -
fect, made the re sults of co or di nat ing iso la tion much
more re li able. This so lu tion also has a bad side be -
cause it in volves the in tro duc tion of ra dio ac tiv ity into
the en vi ron ment. This dis ad van tage, how ever, is eas -
ily re solved by leg is la tion. It is im por tant to em pha size 
that the ef fects tested on gas surge ar rest ers for low
volt ages ac cord ing to Model law can be used for gas
surge ar rest ers on high volt ages.

AU THORS' CON TRI BU TIONS

The nu mer i cal sim u la tions were pre pared, car -
ried out and post-pro cessed by A. Jusi}.  A. Jusi}, Z.
Bajramovi}, I. Turkovi}, A. Mujezinovi}, and P. V.
Osmokrovi} have done the o ret i cal re search and pa -
ram e ter fit ting. P. V. Osmokrovi} has de signed the
mea sur ing cir cuit. The fig ures and ta bles were pre -
pared by A. Jusi}. The manu script was pre pared and
re vised jointly by all the au thors. 

REF ER ENCES

[1] Hasse, P., Overvoltage Pro tec tion of Low Volt age
Sys tems; IEE Power & En ergy Se ries 33; The In sti tu -
tion of En gi neer ing and Tech nol ogy: Lon don, 2000

[2] Standler, R. B., Pro tec tion of Elec tronic Cir cuits from
Overvoltages; Do ver Books on Elec tri cal En gi neer -
ing, Mineola, New York, USA, 2002

[3] Pejovi}, M. M., et al., Ex per i men tal In ves ti ga tion of
Break down Volt age and Elec tri cal Break down Time
De lay of Com mer cial Gas Dis charge Tubes, Jap a nese 
Jour nal of Ap plied Phys ics, 50 (2011), 8R

A. Jusi}: Syn ergy of Ra dio ac tive 241Am and the Ef fect of Hol low Cath ode in ...
266 Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2018, Vol. 33, No. 3, pp. 260-267



[4] Gopikishan, S., et al., Paschen Curve Ap proach to In -
ves ti gate Elec tron Den sity and De po si tion Rate of Cu in
Mag ne tron Sput ter ing Sys tem, Ra di a tion Ef fects and
De fects in Sol ids, 171 (2016), 11-12, pp.  999-1005

[5] Stankovi}, K., et al., Re li abil ity of Semi con duc tor
and Gas-Filled Di odes for Over-Volt age Pro tec tion
Ex posed to Ion iz ing Ra di a tion, Nucl Technol Radiat,
24 (2009), 2, pp. 132-137

[6] Lon~ar, B., et al., Ra dio ac tive Re li abil ity of Gas
Filled Surge Ar rest ers, IEEE Trans ac tions on Nu clear 
Sci ence, 50 (2003), 5 III, pp. 1725-1731

[7] Geibig, K. F., et al., Ap pli ca tion of Phase-Bonded Ma te ri -
als in Spark Gaps, (in Ger man), 14 (1983), 6, pp. 197-201

[8] Veverka, A., Kvasnicka, V., Die Weibullverteilung
und Die Konventionelle Abhangigkeit Der Durch-
schlagwahrscheinlichkeit (Tschech.), Elektrotechn,
Obzor, 67 (1978), 3, pp. 135-137

[9] Stankovi}, K., et al., Long-Term Deconditioning of
Gas-Filled Surge Ar rest ers, Ra di a tion Ef fects and De -
fects in Sol ids, 171 (2016), 7-8, pp. 678-691

[10] Paus, L., Cortina, R., Switch ing and Light ning Im -
pulse Dis charge Char ac ter is tics of Air Gaps and Sta -
tion In su la tors, IEEE Trans., PAS 87 (1968), 4, pp.
947-957

[11] Osmokrovi}, P., Elec tri cal Break down of SF6 at
Small Val ues of the Prod uct pd, IEEE Trans ac tions on 
Power De liv ery, 4 (1989), 4 

[12] Hauschild, W., Mosch, W., Sta tis ti cal Tech niques for
High-Volt age En gi neer ing, 1992 Pe ter Peregrinus
Ltd., Lon don

[13] Luka, P., et al., In flu ence of the Per cent age Share of
Electronegative Gas in the Mix ture with No ble Gas on 
the Free-Elec tron Gas Spec trum and Re cov ery Time,
IEEE Trans ac tions on Di elec trics and Elec tri cal In -
su la tion, 24 (2017), 5, pp. 2765-2774

[14] Osmokrovi}, P., et al., Re li abil ity of Three-Elec trode
Spark Gaps, Plasma De vices and Op er a tions, 16
(2008), 4, pp. 235-245

[15] Kova~evi}, A. M., et al., The Com bined Method for
Un cer tainty Eval u a tion in Elec tro mag netic Ra di a tion
Mea sure ment, Nucl Technol Radiat, 29 (2014), 4, pp.
279-284

[16] Kova~evi}, A. M., et al., Un cer tainty Eval u a tion of the
Con ducted Emis sion Mea sure ments, Nucl Technol
Radiat, 28 (2013), 2, pp. 182-190, pp. 221-227

[17] Geibig, K. F., et al., Use of Fi ber-Re in forced Com pos -
ite Ma te ri als in Spark ing Gaps, (in Ger man)
Zeitschrift Fuer Werkstoff technik, 14 (1983), 6, pp.
197-201

Re ceived on May 15, 2018
Ac cepted on May 21, 2018

A. Jusi}: Syn ergy of Ra dio ac tive 241Am and the Ef fect of Hol low Cath ode in ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2018, Vol. 33, No. 3, pp. 260-267 267

Alija JUSI], Zijad BAJRAMOVI], Irfan TURKOVI],
Adnan MUJEZINOVI], Predrag V. OSMOKROVI]

SINERGIJA  RADIOAKTIVNOG  241Am  I  EFEKTA  [UPQE  KATODE  NA 
OPTIMIZACIJU  KARAKTERISTIKA  GASNIH  ODVODNIKA  PRENAPONA

U radu se razmatra mogu}nost unapre|ewe karakteristika gasnih odvodnika prenapona.
Ispitivani su: dejstvo magnetnog poqa, dejstvo efekta {upqe katode i dejstvo izvora alfa
zra~ewa 241Am. Obavqani su numeri~ki eksperimenti, realni eksperimenti i teoretska tuma~ewa
dobijenih rezultata. Realni eksperimenti su ra|eni na modelu gasnog odvodnika prenapona. Model 
je tako koncipiran da je bilo mogu}e mewati sve relevantne parametre. Eksperimenti su ra|eni
pod dobro kontrolisanim laboratorijskim uslovima. Ispitivawa su obavqana jenosmernim i
impulsnim naponom. Dobijeni rezultati su obra|ivani sofisticiranim statisti~kim metodama.
Izra`ena merna nesigurnost eksperimentalnog postupka je pokazala visoku statisti~ku
pouzdanost dobijenih rezultata. Na osnovu rezultata istra`ivawa nedvosmisleno je dokazano da
najboqe karakteristike ima model gasnog odvodnika prenapona u kome se kombinuje efekat {upqe
katode i radioaktivni izvor 241Am.

Kqu~ne re~i: gasni odvodnik prenapona, radioaktivni izotop 241Am, efekat {upqe katode


