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I', laser gas 
'nodeliis- 

rhe pumpi'rs
ntes 3re usully cai.uldcd rrcm rhe
cleclron ere8y distlburiotr tutrciioi
wniclNobrainedbl$Nins
numerically lhc nad! set
homqcnous Bolan n , rhe Eason
fo! !his is Ihat rlt eas in ih. discharge
h o ly rskly iolizod ud rhr
clectrcn en*s/ dhtsibution! h.ean
domin*cd by rhe elehon oeutral
collirions, may be higl ynon
Mdiwllian.The msin collision rypes
whlch k include ehstic, in el6tic.
supcrelasic !trd ele*of Coulonh
collisiors arc .onsid.ied in Rrh

At the trg. Bas pE$ur.. .hc
calctr lated elecbor eie.p d isrib dr ion
has been lound io hare deplcrion al
lhe regi.n abdve de elfe(iv.
erc 6rion encrA/ thEsh.ld. This
chamderlslic h6 als. b€en shosilg
by independenl qp.rimenbl
iNesligarions using tie Dstastytr
second diitereniiil meihdd The
d.phiidn chaGd.ftrics ii rhe
disn'ibuioi cd ca* laBe e'ry itr rh!
PunP'ns mle @lcularion! if a
Mar*c)lim distibution G used

10 calctrlate th. .lecbon en.rs/
disrribdion. ,umsos dah havo b be
compiled from rhe lireratur 1o b. l'd
i', ro Brlrzmmr e,tu"tioi
copuhri.n Ahhoeh $e sokrti.n
redDd of lhe equarion ma! be
AccuEle fie solution d.perdi heevily
in dE ac.$!cy ol tle inpur dadl]ieE
is no indicarioN rhat whar h
oalcula&d EDresenb tlre acto.t
dinlibution in ihe dischrrge,
.specidly iirhc dhcharge is in puls
hode.ln thk paper,in ahenpr is'nade
lo compaE 1Le eleron e.erB
distiburiotr calculitd fmm sleady
sa& homog.nous Botrzmmn

'lie cencdl elerrcn disEibtrrion
luidion F is gneD b nre {..dy n.rs

vr.

= C(F)

Zttu+,j )fd+!j)NQy't+uj ) - a1(aNO jtu)l
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^ 4m'N. ,-f r2i2,6r. r'r 
J"" r4r4s o))"'l Ntrerr l

The lems o.lhe bn-hstrd sideaElhe
dndgences i', confiAm.ion and
velocirr. spes and c(F) is the

Hodogeiedu: Bolrzmlrtr.qulionl
Fr lo\id-q Ihe usuil e\paision, rhe
r.upi. rompoDen(u) ol fic
sprlally irdcp.nd.nt.l4lron one+J
Jhtiburion in i utriforD electric field
is siven by ihe cqualio, berow [2.]l

IHtt);\rt+ rthltt))=



.t*[*l'[1"**"

.., ,= 1l]l t,,,r i ,,a,
l. j

lhe tanrpon pa,amdffi are defiftd
as LlLows. Irdrilr lcb.ny,Vin

. 1-t7r'i, a7,,_
' 1\ d ) i,\Q" tu

-rhe equulioi ir *riten in its
difeEnce lom and $lvcd by Gu$
elLiLiiarnri and aid Gru$'Siedal
treBrion 1251. Ths boundaD
.ondirioG d s.t by imp.sitre
pafticle coNeflalior wilhi'i lne
eneEy raige coDsideEd and an
ensg} baldce cdLtrlaiion tu used lo
check lhe $lulion Ths eneqy galred
p.r s.cond ton lhe elecldc field end

v!E+Ir),?,

*here Rj is rhe at oa sup.' ehric
collhions .Tho cierEJ lost per s$ood
inroq! .lcslic, excihtion .id

etuM) , &i : ,, x,

'h.rc &,is the of clo*ic ellision and

& re the 6res ol cx.ierion and

jt*')llrll [, 't^*ra,

i,"r"l
:)

2a :' I lu .r(u)du= N.

otr rhe rigf.hard sdc,ths fi6r
su'n'n{ioi ir dtr. ro ihc er.irati.n
proce$* aDd rhe !..0tu1 su'ndation
i5 due ro fie rever* pro.erB. Tlr
ionizarion proces Lar h.etr r. ed r!
an exctutior proce$ $idrod a

prme$ 'Ine

remiQee,A,{u)a dAr(u)are due to
cle.tutr +lecr Coulomb

The el.cton en.re) ili$ibur:oi lr.:
beei dsured 1o be nBrlr i{Eopi:.
lhus allosi.8 n b reprerntd b) a

spheical homonrc
erpansidn. This cordniotr n siisfi.d
Jr reasdnably lo$ values ol E\
$lsc E drili sp&d h nu.h ler

lne Domertun Lo$ in lhc couk,nrb
collirion hE 5ho brttr n.gleded ihis
]s Yi id if tl'e eLecrmn.eLe mn
mliiioi i.4ueicy n nruch le$ rh.n
ihe sledroi-atoh collision ne{t!en.y
ln *eally ioDized gas di*harges
eher Ndn"<10{.Renoirnllisi,,E llr

61",=:11:! I r, d,



16c resrlb.nd cohdtrliotri
Fig (1 l)shoq the cAeBl diltibtrtion
luiclio lor the meroury-a4pr
m rtu{s lEYe been omPUEd at E]].l
ulfts 2,10, ind 20i) 1d, rcspc.rjvcl!.
thG shor'1he uLue oarhe di$ buiiotr
tuiction rr rhe elcstons cnereJ of 5

cv n hr3u. Tl,is- ofcouEe. innEanr
thal dreE ir p.$ibilit' tur !\.
eiectods ro cery our iielEtic
collisiois sr low EN vnlues in rhc
case orplrc me(ury rapor[2]l Ir i!
obsened ihar as rhe conentstion ol
nercury vaPor dldeae in Ihc
mixruE. rhe moE inela ic collkioDs
is crpeccd ro o!curlith dr iiueasc
of lhe EN ralus As sho$n n)

nBufts (lJ) dat lhe cisirct ,ma;e
h rhe dhtibuiioi nmdon is
dbseaed at los .ledmn .nsrg}
regiotrs as .ompred sifi.ther
Egions. Ihis i.diBts t the.egio. of
thc incMle nunber of eledroii
shich lost their m.rs/ due io
iEh*ic rollhion dnd liil dM ro rhe
lo$ en.r-r! rcgion. Of cour$, this
a$ures !h. decrcase ol.hc Eh- vllues
wirh rhe de.ea5e of mercury raPo.
conchtation ar rh. @cweic. of ihe
imla$ic collkions. Tl. dne{ efli{
ollhk bel,avior G m rhe raLu.s .a
.lsdron tansDot pdMecc
FiE (,ll shorv the behaviorof r, for thc
liist three ni{urcs rbolr n simil$ to
riat ol puE mercury up.r ercept al
EIN vdlle wheE ld !d: rd ins.is.
wirh ihs iftrease ofIN ar rh. \.luc
ol I Td opproximarely. A comparisotr
or fi3urc (4) wirh fisuE (5) n n
ioticed $at ihe inelatic collision
boNeed rhe eiecno$ and the riohs
aid/or moleculB ofdE nixrurt ernr
at E/s_ -lTd. -rhis indicalcs lhal ir
such nirrlc !n inolear iD dift
veldcny a is oblainen WLile in thc

behalior n tuund excep! oi
unsimileit] in the bchavio! $ EN<l

ld and F,|l_2100 ld ard this
utrsimilarny tureascs *iih decra$
ofDercury vapor .onccrrrar ior in drc
n,ixrure lth behavior is cleaily
oblerable in ngures (6 3).
ftsEcinely. lr lhcsc fierrts. as lhe
corcenrmlion of rnercurr_ vapor
dceeaies dE \aLc ofEllJ dstrscs
EheE ihere is ai i'elasic collknlr
Tlil!causes increas in (h. iui,bcr
ot lo* enc+l eL. runsasindicaredir
fic dcscr protr of fie enelgy
dhtrbulion turc 6n Thk behavior
leads to a decree in lhe electois
vcb.i8 or $e lor enclAv Esions.
Ar I'ig! enersy reglons, rhe difsrene
i! the bdh.vior h due b rhe de!.ease
ol EIN vllue ot which rhe ionizalior
prme$ (d tu mercut! vapdr
aro'ns ol cotrr*, in $e ionizrion
ptuc*s. rhe decease in lhc de!8eric
el..tons Gcur becau$ of the
:rprur ol.l.dtons bY me'curY vapor
atoms or due 1o Ihe 1os of elechns
s ! Esult ol lheir cnerg/ tmnsler to
rtt mercuD arons as a rcsul1 of
ind.sti. .ollhiois. Thn na.sfd trill
ieaw lhe ekcnons *irh lory l.w
enclgy *hi.h Lerds b a deqrea$ ii
rhc number ol .n*getic elecbo.s
a.6dina o rhe above Re can sry :

whor lre .once.rBtion ol Hg vap.r
iNreasing and decreasing lhe
concenration of Ar, 0t this inrbnt.
tleE dre sbble in .l6lic collision
folloqng fill llke shlrp, but hippcn
rhc opposire - rheE Bre falling lhilp,
ard when incftasin8 in Ar and
SMasing in Hg, $crc !re f,lling in
the fridioial power like follo\ ng

The c\citsii!. Bre brhavior lor ,l
elecro.ic levek is appoximatly
simil8r to the ca$ of puE nErcury
!.pu lhc diffcren.e n i,r tlr vrloc
of ErN ar whi.h rbe ercn ion mie
sads to i*easc wnh $e incresse ol
F"N vrlu. ly crNh electotri. eYel



lDd mos rbc ekcnons .nerBr. hnf.r
lo lhc s.coM eledronic i.vcl up to a
ipelified EIJ veluo $,hich depend,
f.ordinB ro rh. ttpc .f mixrre a!
shown in ,i$rcs (9ll) Thc
c,.ctotric Llels th nEn enels
Mding ro E/l\ ralu. such as rh.
..soa.n.lg]tnG,(rh rh.6 iq uc
6 rpr levels. Hos.v.r, tlr values ol
E/N arc ditrercnr aid rh., d.pend on

tl is obs*ed tt.t omprn$i oi $.
fisuBs (l:-13) snn fi. fiaurB (7'3)
sho$ rh{ ine ftacriotr.l poweN of
rhe .l..tonic cs.ilirion and ln.
ioii2arion hove i\cd vilu*. Thk
b.haior n accomp.tri.d by fired
vllu.s of the .rcintioi Et5 fdr rh.
f@i.kclmh l.wh.r E N>100 Td.
TtL h.!ns $d 6? rtu l@h.d
rh. $hl€ srale rnd rhar o{ of fi.
cn.rsywill lEnsrer ro 6rp leyel ud
rh.n io orhdlevcls 6 

rtu.6rp,,6rpr,
r.spsriv.l). I! rir c.s. thar at high
F-N valu.a 6. dcqDns 3tur$
ircHss b rh. \:lG rbd *E
ddMs aE sd} ro cscn all rh.
Lerds cven te ioniaion nar. in
nqcury vapor lroms. Hovevei, is
e. ioi ed pcviou5ly, lhis dep€nds on
th. ctus scdiors lor Ih. lour
.l.ctonic ld.ls sd fie .6*
tig (l,l) rh€ hch.vior of ionizarion
.@mcic .s a lurdion ol Er-.Th.
vllue of ionialion coefhcietrt
incEAses wirh lhe d*rae ol
o.rclry vip.r conc.nkrtion in fi.
mirtoE Ar F-N v'lr i4cas dE
difa.rdfr i. ioni,ri cfficid
vrlE d.crclss down ro rh. $le at

ich l]1.y .r. .pproxih.t.ly meeting
ai onc p.i . ThG bchovior h due ro
rlN irciea* i! tho luhbd ol
.l*tons dd carsilg tne ioniTinon
a th. m4ur, t.Fx cocmhrio.
&.rce in rh. mirtuE. Tnis ir
inelprd.d s in rhe c6. or pur

h.rury vaoor, rhr .n.*.tic eletons
oollide in .ldically silh m.rcury
.toms losing lhcir cne4ies and
becom al lo*cna$.lnrhe mixrurc

rft LN m.rcury dome
.oncgr.,rion. .n eicesr i. rh.
.umbd olocr3.ric .l.ctons is found
a3 i ftsul! ol rh. d..Eas in rh.
nunber oa ncroury dois in rhc
n,ixtore. ,4s E/N value ircE.ss,
tieE elerois *ill rcquire !n cxtE
.n.4 ed rh.ir numbs.har durina
ioniariotr trill incEe $irh rh.
d..tu6e of th. m.tlry .roms. A
companson of ligurc (14) wnh iigur.s
(5-3) shoqs rhlr rhe findl vllu.s.re
nr.d ar hid.r EN volu6 for 3ll
Dnn'6 Tti! h.hlvior is Ehr.d ro
lhl srlbiliry of ioiiDrion s{. !.d
rho b lhc .[q.onic ercidior.llis
ltuii.ares th4 *lriele. b bc thc
diflcrence in dlxrurc ra'ios thE 3rc,
limi&d numb.r ol elcclois *nich
irniat rhe io.iarioo in the seEury
3ronE , sp.ciri.d FrN v.lu.s. of
oB- tn. ionidioi p.Gs d.P.nds
m rhe ionizai@ cms dion' th.
dinnb! .i luncrioi dppro@hls th.

runction at hisl EN v.lues [26].In
.uch siluriiotr olrlr disbiburion. Ii.
nunb.B of el.cMs *irh rc|.lirc|,
higlr ed6/ e limir.J 0d .his
.rptri.s eiy lh. volDes of ioiaarion
coeficienb for diff.r.nt mixtuc!
meei .r oic Poini *hei EA] {lu.
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