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In Ihis work wc propose a non. linear lllodcl nf the Blumlcin drcuit for Ihe excitalion 01' a N2-lascr that produces a hig:h order inleg:ro-
dílferelllial equ:llions syslem. whm each 01"Ihe 1\\'0 discharges ((he spark gap amllhe Ia:-.erc!lamber) laking place in Ihe c¡rcuil are simulaled
hy an inlluctallce and a resistance conllccled in series. The inductance ami the resi:-.lam:c01"c~lchdischarge are considered current dependent
alllllhcir lime hehavior is I"oundby means of a parametric idelltilicalion meth(ld ha:-.ed in lhe Illcasurcd "llhages in lhe chargc capacitors. A
RUllg.e-Kutta Illcthod to solvc Ihe intcgrallnllls ami a Gauss-Seidcl algorithm for lhe paramctric idenlilicatinn were used.

Kn'll'orlis: La:-.er:-.:clectrical discharges; pararnelric identilkalion

En eSle tr"bajo se propone un modelo no lineal del circuito Bllll1llein para la excitación dI.' UIl lj"er de ~2. el cual produce un "istema de
l'cual..'iones intcgrtHJífercnciales de alto orden. cuando la dC:-'l';lrgade interruptor dc chi:-.pa ("park gap) y de la címara de de:-.carga ]:lscr
"l' "imulan cada UIlOpor medio de una induclancia y una resistencia conectadas en serie Esta:-. inductancia:-. y resistencias se consideran
dependienles de las corrientes respectivas. que a su vez dependen dclliempo. Las dcpelHlcncias tcmporale" Sl' encuenlran usando un método
de idenliflcación para métrica basadu en los vollajes medidos en 1m capacitores de carga. Los térmill(J" integraks se resuelven llS¡mUOel
método de Rllnge-Kutta y la identitlcación para métrica se hace u"ando el algoritmo dc Ciauss-Seiuet.

Ik\('I"ipIOl"es' Lasers: dcschargas el éctricas: identilkación paramétrica

Pr\CS: 42.55

1. Intrndllctinn

For Ihe pul sed e\citation nf N2. a \\'ell known circui( is Ihe
Blumlein arrangement (Fig. 1). Its role is 10 produce a \'l'ry
illtense unil"onn glo\\' discharge aeross lhe Jaser head during a
\"l'ry short lime_ The Blumlcin circuil Cllllsist 01' Iwo COllll1101l
non-linear elelllenls, a spark gap ,..,hose fUllction is ((l tire (he
circuit amI Ihe laser chamher where Ihe laser discharge lakes
place. Besidcs. in urder lo charge the circuit a coil L paral-
lel 10 Ihe Jaser head is used_ Tradilionally it is supposed Ihal
whl'n Ihe spark gap tires. lhe impedance j: .•':L shO\\'s so high
valucs. in relalion to the other elclIlcnts. that it is possihle
lo eliminale it frolll 1111.:analysis. So, Ihe circuit is reduced
to lwo loops, which follO\\' a fourth onler dilfercntial equ:l-
tions I"or any voltage and current in lhe circuit \vhen c<lch
discharge taking place in the eircuit is simulated hy an indlH':-
lance and a resislancc connecled in series. whose values an:
Cllllsidercd time independenl. By lItling the analytical solu-
lion 01"thcse equalions 10 Ihe experimcnlal circuil voltages. it
heell possihle tn lind olllthe average vallles of the rcsistances
ami Ihe induclallces lIsed 10 simulate lhe spark gap ami lhe
la"l'f dlalllh\.'r.

TIlc applicatilln 01" slIch ,'alucs 10 lile analysi:-. 01' lhe
l'qllivalcnl circuil f\)llows some disrrepancies tlL'(WeCIl l.'X-
peritllellt.:J.1 and theorelical voltage forms. So. 10 have bcttl.'r
aproximaliolls il is Ilccessary to kno\\' Ihe Iransienl evolution
(JI' thesc resistances <ltld inductances [I-:~]. Until 1t)77[,I]lhe
Iransient cvolulion ol"lhe resistancc ami indllclancc in a pulsc

discharge had heen ver)' scarcely studied. And lill now alllhe
proposals lo "'no\\' Ihcm <lIThased on the fitting 01"lhl.' mea~
sured voltage Ihrough lhe discharge to the voltage solution
ohtaincd from Ihe equivalent circuit 1.1. 5J. Rccelllly, Perse-
phonis ct al. [n] solvcd the integrodilTercntial equations of
Ihe I3lullllein circuit rOl' lhe cxcitalion 01' a N1 lasl.'r throllgh a
time-varying linear lllodel. particularly they consider Ihe cur.
n:nt cqllations for lhe laser and the spark gap as linear dllring
very shmts timc inten-als. Becausc they use discret compo~
nents lhat arc intcrconnected Ihrough wires in lht:ir e.xper-
iment they could Illcasure lhe currents wilh a I"ast risetimc
current \'iewing resisto!". Frotlllhc experimental currenlS the)'
ohlain their tirsl amI second dcriv:llives numt:rically. which
suhSlitutcd at IÚLlr ver)' closcd adyacelll time instants (COIl-
sidcrillg lhat during this shml lime intervals lhe resistances
ami indllclalll.'e" are conslanll produce fOllr algehraic equa-
lions ror the lInkno\\"tl indllctances and re,istanccs al the COf-
respollding lime inten-al. RL'p\.'ating tl1(' same pnKcdure for
other lime intervals and sCillllling the entirc timc region 01"
hoth dis(harges, Ih!...'time evniulion uf their equivaknl resis-
lance amI inductance can he ohlaincd. In our Blul1Ilcill cir-
(uit. built 011;¡ douhk-sided (oolll'r circuit hoard [71. \ve use
Hat capacito!"s closcl: connc(lcd tn Ihe laser head. Ih!...'cur-
renls arising !len.' tlo\\" along "hcl'lS ícapacitor plates) ralha
Ihan along \\"ires. So we us\.' •• IOllgillldinal coil [SI. which
introduces no 1Illldilication at ;dl in Ihe laser arrangelllenL lo
lIleasure lhe (UITcnt in tlle laser head.Thc currcnt in lhc spark
gap. ,•....hil'll was lixeL! in the middlt: (lfa capacihll" 17]. \Vas
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FIGURE 2. From IOP lO bollom: -Vollagc appearing in C¡(Vc¡);
-vollagc in C2(CC2).

FlCiURE l. Schematic Jiagram of a Blumlcin N2 laser.

irnpossihlc ro he rneasurcu. Thc voltagcs in lhe c¡rcuit are cas-
¡el"lo IJlcasurc, so \VCwrilc lhe cquation orthe voltagcs fOf lhe
equivalent circuito Through a fiflh urder dcpcndencc wirh Ihe
current of Ihe valucs 01' lhe rcsistancc anu inJuctancc in lhe
laser heal! and spark gap loops. Ihe inlegro-differenLial equa-
tions 01' Ihe systcll1 are 501\'co through a paramctric identifka-
lion Illclhod ha sed in lhe IllcasurcJ voJ(agcs in Ihe capacitors
C'l anJ el. A Rungc-Kutta Illcthod lo so!vc lhe integral tcrms
and a Gauss-Scidcl algorithm [3] for lhe parametric idclllifl-
cal ion wcrc uscd.

o

-10

o 20 40 60 ns

1, /1'-') R / // (1)+ 11.,.-21 -+ ... + 1,11+ 1,0'

/ . /) /' 1" n /1'-1?1 = }Ul( 1 -= 11./' 1 + 11./1-1 1

\Vilh lhe lime change 01' Ihe spatial dislrihution 01' a discharge
are relalcd changes in Ihe spatial dislrihlltion 01' the current
t1ensily .T = (i7'. t). So lile inductancc 01' the discharge. lhat is
l'unc[ion of Ihe dimcllsions of (he conduction \'olulllc. is also

To analyze the circuit, cach discharge taking place in lhe cir-
cuit is simulated hy a non-linear inductancc amI resistance
conncclcd in series (Fig. 3). RI ami LI stand for the induc-
t<lnce and a resiSl<lncc associatcd with the lascr hcad loop. re-
spectively. and H1. and L'J. stand fol' the analogous parameters
nl' the spark g<lp loop.

Ikc:lllsC Ihe laser and the spark gap change from a 11011-

conducling slate to a short circuito the lime dependence uf R}
amI fl.1. is ohvious. The changes in both dischargcs are due
to Ihe change in the clectron and ion conccntrations. which
produce :1 timc and space depcndence of their resistivities.
As \Ve have in our :lIlalysis the currents as state variables. \\le
take /(1 and R'J. as current dcpem.Icnt, where \Ve are consid-
ering 171 (or fl.!.) as Ihe rcsislance in the laser loop (or S.G.
loop). \Ve propose a form of po\\'er series for R ¡ (R '!.).

Such cxpansion gives

(211, /1'-') n / /1+ I'!..II_'!. '!. - + ... + :u 'J. + '!..o.

(1 ) - /' 1" n 1,,-1n'!. -= Iu;! '!. - I'!../,:.! + 1'!..1'_1 '!.

Fi'lun: I sho\\'s a schcm:llic di~u!ram of lhe R1umlein circuil.
TI~c circll'il is l'omposed of a sp;rk gap (S.G.), Ihe Iaser head.
[\\'0 capaciturs and a (ni! L. \Vhen high voltage is ~lprlicd,
hOlh capacitors are equally charged unlillhc hreakdown vol1-
age across S.G. is reached. Al this potcnlial, the S.G. tires and
('.l. hegin to discharge very l~lSIthrough S. G .. so does el ' huI
Ihrough L ;¡nd S.G. in a slower way. A very fasl rising high
Hlltage dilTcrcllce appears :lcross the laser hcad until lhe laser
nrcakdo\vn \'OIt<lge is reachet! and lhe discharge takcs place.
Figure 2 shnws Ihe \'oltages VI and 1~ in lhe capacilors el
anJ C'!.. The lllechanical conslruction DI' Ihe laser is reponed
elscwhere [71.

Tile voltages VI and \.~ wcrc lllcasured \vith lwo e(]u:ll
high \'oltages prohes (Teklronix P(015) comhilled with a
,00 ,\Ihz handwidth oscilloscope (Tcktronix 2440). The voit-
agc in the l<lser head (Fig. 5) is the voltag:e dilferencc \"1 - \ 2
\vhich was automalically givcn hy the oscil1oscopc and is the
average 01' I() t1ischargcs. The currenl in the laser chamher
(Fig. 5) was rne¡¡surctl with a home huild linear coil ISI ;¡nd
~lIs¿ regislered in the oscilloscope. Stahle operation 01' lhe
Iasc:r \Vas adtie\'cd al voltagcs ranging from6 [o 12 KV. prcs-
sures hctwccn 60 antl 130 hPa ami frequellcies up to 20 IV.
The pulsc-Io-pu ¡se fluctualiolls 01' the laser head voltage \I/ere
fc\\'cr Ihan 5ck.

2. Th"or"tical considuations

Rel'. M('x, Fú . ..J~(6) (199X) 56..J--569
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'"
¡J(L,[,) 1 /' ,

II,[, + di + c" (/, - [I¡)¡JI + 1',I'~11= O, (7)
11

AL fFl;-": Lhe glo\\' dischargc in Ihl' Iaser heaJ gels in thl' hrcak
do\\'n. Through this SIl'P thl' equivalent circuiL showing Ihe
operatioll 01' the systclll is sh(}\\'11 in Fig. 3h. The cquatiolls
go\'crning ils performar1l'l' arc given as fol1ows:

2.2. The sl'l'ond stl'P (t1l :$ t :S I-FIN)

II! 1,/

,1[11 1 j' 1 /'['-,- + -e [11,1/ + C' (/11
(t'>l "2.

U "

2,1. The firsl ste" (O ~ / ~ In)

Al f = () the S.Ci. llres amI al t = , 11 lhe lase!" heaJ Jires.
Through Ihis slep. the equivalenL circuiL showing the opera-
Lion 01"Ihc sysLCI11is sho\\'11 in Fig. Ja. lhe equatiolls govertl-
illg its performance are givcll as I"ollo\\'s:

Thc diffl'fCIHial cqll<llion ..•governing Ihe performancc of lhe
circuil are givcn as follows:

(h)

L

8 G R2
C2

L2

::-

(a)

L

~ VC2

\g1 G R2
L1

Cl

C,

F1<;IIREJ. ElIUivJlelll c¡rcuit for the diffcrent opcralion slCps orlhe
Bllllllkin C1rclIit (a) O:S f :s tl\. (h) tI! :s f :s fF[:--;.

",herL' '1' = L 1 is lhe inlÍuccd rnagnctk flux in lhe loop. Bc-
cause l. and 1 are time fUllctions. lhe induccd clcctromotive
force can he wTitten as

;¡ t¡ml..' depclH..lcnt function. Ir.f = (r, t) is nOI kno\\'I1, l!len
il is nol jlossihlc lo tintl out lhe im.1uccd magnetic dcnsity !J.
and lh!.' inductancc L in lhe dischargc can 1101 he calculatcd.

Ho\\'c\'cr \\'C kno\\' tha! lhe induccd clcctromotivc force
hy lhe time varialion orille ClIlTCllt intcnsity in a loop is givcll
hy

= O, (y)

+ [1' - [,) ¡JI + 1',1,=,,, = O, (10)

.,. 1,1,=,,, = O, (11)

+ ~ ¡,',,,(/, - 1, - 1I¡) di
(':z . 1,.

+ c\ ,t:" (/1 + [11 - [,) di + ¡,I'~ID

1, ¡",-,'+e (/,
2 . 'n

d(L'[,)
[("J.¡ + --

- - di

(4)

(3)

, d(L /)
\ =-d-I-'

( 12)

( 1.1)¡,'(1, -"', - 1,,) di + \,(0),
, "

1 ¡,'VI = -;- (,,1, + l'l)dl + ¡'I(O)'el. ()

3. I'aramctric idcntifkalinn

Tite paralllctric idcntilication is accomplishcJ through a COtll-
parisoll of Lhe \"alues in Ihe real process and the theo!"elical
mOllel. To do IhaL il is lIecessary lo consiJer 11 experimental
\"ohagc \.alues for \'t(t~-) and rol' \~*(td (k = 1.'2 ... H).
~atisfaying Eqs. (7) - (11). \\'e han.' Ihen.

((, )L [,,-:!.+ "1,/1-"2:2 +.

In PUl ílnalysis \Ve are cOllsit!cring Ihe currents in Ihe circuil
as slale variahles. so \Ve takc ['1 ami 1'2 as ClIlTent depcndL'llt.

Iksidl'S. ir \Ve are considl'ring tI (/"2) as the inlillct<lncc
in 111l'1aSl'r h10p (S.G. loopl. \,",'C can pmpose a fonn nf pO\\"l'r
npansioll for L{ (L:!.). SlIch e.\pansion givcs

Rn: ,\kx. Fú . .w (6) (IY<)X) 564-569



where

1',\RA¡-"lETRIC l1)ENTlFICATION OF T1li~ NON~L1NEAR MODEL ()F A BLUMt-EIN N2-LASER

propose

567

and f II (:an he ohlained from Ihe evalualioll nI' lhe cquation

whcrc I:!. iJl1d111 are calculated fmm Eqs. (7) anJ (8).thmugh
a Rungc-Kulta I1lethod, until Eq. (15) is salistled for lhe ex-
perimelltal value nI' FH. As para meter idcntilication index we

I

for OSI S 111

rol' tll:S t:S tFIN

1 1.'"\"" = (\', - 1;) 1,=,,, = -e' 1" di + 1',1,=0
, lJ

1 ¡"'"- - (l., - 1, tl di - 1',I'=lJ,e!.. o

( ¡.J)

( 15)

{ .n ].(~. _

.1=L [C ¡ (,,1, + I,,)dl + I'dU) - 1','(1,.)]
k=l 1 . U

[ 1 [' '" ] '}+ - (1, - nI, - I,tltll+ \',(0)- \:;U,.) "(16)
C:!..()

Tu use Eq. (16) we need lhl~ values 01' RI• R:!.. LI• Lz• el,
e!.. The lasl ones are estahlished hy designo but Rl. R2, LI•

L2• are lhe llo11-llleasurable, non linear rcsislancc and induc-
tance nI' the lase!" and spark gap, respeclively. \Ve consider
thelll as <1 J' urder functiolls nI' their current (1 )(2) ami (5)(6).

The prohlel11 is Ihen reJuced to Ihe dctermination 01' lhe
.1 x (¡¡+ 1) paramctcrs Ul.i• R:!'.i. /.,1,1' LZ,i' fori=O, 1.2,
3.' ... p that malle the value of the Eq. (16) a llIinimullI. In
otller \\'on.Js we have to ohlain,

The currents 11.12 and III are ohtained fmm the following equations:

1 ¡""" 1]+-- (11 + 1" - I,)dl + -1'21,=11
U,C, ,11 [J,

11 1 ['1-0' 1 1 ¡"',-,' 1-'-'-' + -- (01, + 1" )tll + - \ ",1,=11+ -- (" 1, + 1'/ - 1,) di + - \";1'=0 = O,
di LCI " 11 L LC, " lJ L

[
ti 1,

n -+
tll

II 1" R 1,,-1
1.11 1 + Lp-I 1 +

!J,
1 ['F" 1+ D (' (1, + I,¡)dl + -11 \ "ti '=0
l .1 . o 1

= 0, (IX)

( IY)

dL-' +
di

\vhcrc

R:!..Jl/~' + R2.Jl-l/~,-1 + ... + H2.1/z + U:!..o I 1 [IF'N(I I" + -- .)- (\ I
132 - B:!. C'!. . o -

(20)

DI = (p+ I)LI.I,I:'+I,LI.,,_,I:'-' + (,,- I)LI.I'_,I¡'-2 + """+ 2Ll,lI, + Ll.o,

[J:!. = (" + I)L'2.,'/~' + pL:!..I'_l/r-t + (/,- I)L2,1'-2/~'-:!. + ... + '2L:!.,¡1:!. + L'2.o.

(21 )

(22)

.to Proposed algorithm

The following tllcthods are arnong lhe lllos1 c0111monly uscd
in paralllctric idcntilication: cyclic changc of the paralll-
cter ,'allles or coonlinale descent method or Gauss-Seidcl
Illethod; fastest gradienl Illetholi; fastcsI start mcthOlL shot
m Ncwtoll-Raphsolllllelhod; stochastic changc of lhe paral11-
eter \'alues.

\Ve have used an alg:orithm [3J hased on lhe Gauss-Seidcl
I11cthod I~).IOJ. \vhich consists of changing the valuc of only
olle paramcter uf Ihe Eqs. (1 )(2) and (5)(6). holding the olher
(p - 1) as constanls. until lhe minimal "alue of Ihe opti-
mil;:Llioll indcx Eq. (16) for this paramell'r is ohlaincd. The
changes in (he paralllcter vallles are carried out using an in-
LTeasing or decre<lsing constant. AH lhe other paramelcrs are

I
trcated similarly unlil a lirst cycle is completed. A sccond or
more cycles could he done. always with slllallcr incrcasing or
decrcasing conSlanl, until lhe incrcasing 01' decreasing con.
slant is lower than a minimal prcdelcrmined value. This min.
¡mal predelerlllined conslanl gives lhe accuracy 01' lhe ca!cu-
lated values. Because the solulion 01' lhe Eg. (17) nceds lhe
solution 01' lhe currcnts in lhe cin.:uit. each time lhe paralllel-
ric identifkatioll is done, the current values are ohlained solv-
ing lhe Illalhemalicalmodel givcn hy Eqs. (1 H)-(22), with the
resistance amI inductance values calculaled fmm Eqs. (1 )(2)
and (5)(6). The algorithlll was writlcn in FORTRAN and a
pe 1'enliulJl (200 Mh/.) was uscd. Thc solUlioll lakc a max-
¡mal of H hOllrs and is dependent on the initial values 01' the
declarcd parallletcrs.

kl'I'. J\4('.\, F(.\', ..w (6) (1 <J<JM)564-5(1l)
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TABLE l. CalrulatcJ par:lIneter for (he l1f1h arder fUllctions llscd lo represent R¡, /(2, 1.1 amI L1.

5 4 3 2 O

/(1" O 2.72x 10 lú 1.34 x lIJ 11 X.05x I()-q (¡()-tx 10-" I.XHO

Ul" O _ ;.:l0 x 10-16 2.0Sx 10-11 -:1.G:~x 10-1'1 -.1. Ux 1O-~' IAOI

1.1 •• O O O 1.7Xx IO-Hi -7 ..ISx 10-11 1Ahx 10-<)

1.2" O O O 1.20x lO-15 7.15x 10-11 1.66x lO-1'\

" " .•__ 1

" "'''''" --

•• "., " :¡:-
- 2 f-
~"

Rl.O

t=•
"" u-- o ,

" " " "
120 " " "__ 1

lim-InoegJ

" .10" 2000

" ~ 1000

~" ~3 L íroo
" .2000

l1,0

" <2., o ..,.,

", " " " '. " " "
....,__ 1 __ 1

PICiURE ot. Time behavior of the resitancc and induclancc of lhe
spark gap (U1, L2) ami 01"the lascr (RI, L}) ~ -Iaser pulse

FJ<iIJRE 5. Experimentnl amI silTlulaleL! voltagc and currenl ncross
the laser heal! ~-Iaser pulse.

5. Rcslllts ami cunc!llsiuns

Wl1ile tlw Persephonis el (/1. mollel [6] is a time-varying lin-
ear mode!. \Ve introduccu here a non-linear one. \vhere the
lime varying circuit parameters are represcnled as current
funCliotls. The soiLHion 01' Ihis model produce not nnly Ihe
temporal hehavior hut Ihe current beha\'ior 01' (hese parame-
lers. As a futurc \\"ork il is necessary to investig:ate if such
knowledge can hring oul so me information ahout the Jaser
and spark gap Jischargc. The OlodeJ could he used in the anal-
ysis nI' other discharge circuits and only needs the measured
voltages.

In our study \Ve have considered onJy the f1rst 60 ns 01'
tl1(' discharge, hut afler lascr cmission the laser discharge
changcs ¡nto an are discharge. changing their inductance and
rcsistance drastically, Becausc this discharge period of time
is 110t inlen:sting ror Jaser emission it has not been analyzed.
Frolll the experimental voltage (Fig. 2) \Ve chose 26 valllcs
ror ca!clllalion (see [14]). Al'ter processing wilh V~.,lk, rOl"

k = 1,:2, ... 26, we ohtain('d lhe para meter vallles of the
Fqs.( I ).(2).(5) and (6) shown in Tahle 1. Figure 4 shows the
limc hehavior oí" lhe resislancc and inductance 01' cach dis-
chargt: in the circuit. Finally. f'ig. 5 shows the laser voltage
amllhe laser cUlTenl hehavior oblained with the parameter

from Tahle I and lhe equalions 01"Ihe CirCllil. Thc ca!Culalcd
Jaser voltage ano current in Fig. 5 anu lhe experimental oncs
shO\\-' a good ¡jI. Similar time variations 01' ni, I?}., 1..1 ami
L}. in a Blumlein N::? lase!" wel'e oblained by Persephonis el
"l. [G l.

Follmving our considerations ahout RI, R}.. LI, I..'}, (see
Eqs. (1), (2), (5) and (6») and our experimental arrangelIlent,
\\'e could think Ihat the constant \'allles Rl.o. fl}..o, 1.1.0 and
L'}"o shollld he gi\'en hy IhL' discrL'le clements 01' the circllit,
¡.l'. ('J, C2 ami the Illcchanical pans of lhe laser and the
spark gap. But then, fmm Fig. 4. we see that lhe resislancc
hoth discharges should oscillate between positive :lml nega-
(ive vallles, wha! is physically impossihJe,

Statical values 01' the inductances of el and C'}, can be
calculateu as follmvs:

(2.1 )

whcrc Gl = ?)/IF and Zo is givcll hy f11l:

Z :riG,7{W. c¡--l
0= =- -1 + 0.882:;+ 1l.IGI:;-~-

\I€ ,. 1_ l'

}-'<' [1,'I:;lG + 1" (.;,' + O.!)I)] = 1l,2,1 \1. (24)"c,. _ I

R('l'. Alex. Ft\ .. +.:t (6) (1 99X) 5<J4---5(l<J
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\Vhere: ~' = el \ViJlh = 38 cm, h = CI Ihiek = 1.59 mm,
El' :;; el dic1ectric perlllilivity ;;;;4.6. So 1..(:\ = 1.;,/ nH.
wllich is in the moer of 1.. 1.0 .

For Le, 1I~I
£1'Le, = 2C
o
= 8 ..5nll, (25)

where 1/ = /10, E = .l.oEn. ano (':2 = 3 nF.
Frorn Ihe spark gap gcolllctry. and considcring il as a

coaxial c<lhle

l/DI U
LSG. = O- In -1 = 8.4nll. (26)

_lT /

where: , = spark gap lenght = 4 cm. d = external lIiameter
of the spark gap eleclrodes = 1A cm. D = inlernal dial11eter
nI"lhe spark gap chamher = 4 CIll. So Lc'2 + I.."",G, = 1(j.9 nH,
\vhich is in lhe moer of 1..:2,0.

\Ve conclude lhal 1..1,0 and L2.0 are jusI Ihe induclances
given hy lhe cOllstructioll paramelers of Ihe Jaser arrange-
1l11'l1t.heing Ihe time dependent par( 01"LI amI L'], the indllc-
lances nI"the dischargcs. (i. e. L1<C>I'r = L 1,"2J f + L 1,] JI + L 1.0

ami L c. = L'2,'21".j.+ L:l.lIl. + L2,0, see Tahle 1). For Ihe
slalical values 01" Ihe resistancc 01"el and el. \l,-'C llave 10
cOllsider ol1ly lhe resisli\'e cffecl 01' thcir (ooper eleclrodcs
ami Ihe diclcctric losses equivalent resislances of cach ca-
pacitor. However lhis vallles are slllall enough when 111I:yare
compared with nl,O and Rl.,o (('.g. RCl = ('2{/(',.l/..1 +
201allá O.()l,j::;U, \Vhere {le" = 1.78 X IO-(;ncm.
1 = 17 (TU. ",1 = :30 11111 x 38 ('111. taw) = 0.019 [ I:q and
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:0 = 0.724(1). lVe conclude Ihen Ihal lhe values 01' RI ami
R2 as a function 01' Ihe (inlt: given in Fig. 4 are correspondent
lo the ones 01' Ihe- lase!" dischargc and the spark gap Jischarge.

The physical mcaning nI" aH Ihe elcrncnts used in our
aproximal;on, sec Eqs. (1 l, (2), (5), a"d (6) anJ Tahle I (ex-
cept L],o and Ll.,n ), is beynnd the scope 01"Ihis work. The
temporal hehavior 01"Ihe p<lrameters given in Fig. 4 is dis.
l'ussed in a qualitativc \••..ay hy Persephonis el al. [G}, arguing
avalanche llIulliplication and Laplare forces.

In Fig. 4 are drawn (pointed Iines) Ihe average values we
reponed in referencc [14], whcre \\--'Cllsed a linear equalion
system in our analysis. \Vc can see (hal such values are in Ihe
rangl' 01"the ohtained in this work. Our ne\\' mollel fit in a
bclter way the mc.:asurcd voltages amI with a good confidencc
Ihe experimental ClllTent in the laser (Fig. 5) Comparing our
results with the Pc.:rscphonis [G] ones. we see that our ca!cll-
latcd induclances J. I and Ll. in the circuit are lower. \\'c can
explain thal ir \Ve consider Iha! our arrangerncnl is a com-
pael (lile huilt on a douhled-sided cooper circuit hoard, while
Persephonis et (//. use cOlllercial ceramic capacitors in par-
allel connectcd. Tile cone.xions in the circuit through cables
are respolIsiblc rOl"!heir highcr inductanccs. Our calculated
rcsistanccs RI and R'1 are highcr than the Persephonis (lIles.
For (he spark gap \Ve use one which works wilh overvollagcs
at atlllospheric prcssurc, while Perscphonis el al. use a trig.
gercd pressurized olle. For Ihe laser we use a non-preiolli/ed
Jaser dischargc, while Persephonis el al. use a (:orona preion.
izcd ulle, having in tha! \Vay lowcr rcsistivc discharges.
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