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SCOPE AND SUMMARY OF [QHE PRESENT WORK -
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8¢copre 01‘ THE ?RE& ET E’?Gi‘!ﬁo

In the present mtugauon the fa:u:ming problm in the okcﬁr&sa& discharge

phenomens hab been mBmgmaa. ‘

() Plosme paressters from rediofreduency cmﬁmﬁﬁty mnammntu.

(») wom.my and 81ffusion of electrons in magnetic fiedas

(e) Vartation of discharge current ia a magmtm f1eld, |

(4) Spectral line Intenmitios in a:xm diecharge in  tremsverse magnetic field.

(s ) Vardaticn of Towssend's second coefficient with (8/,) ond magnetic field and
breskdown of gases in & tramsverse magnetic fisld.

. amatarn £fro

(a) B0 rad cy_conduotivity meosuremsnts.
The pmblm of radiofnqmy copductivity of sonised goges hes bmm investigated by
Onilde (1952)y Applston and Chapasa (1935) end aleo by Inem end Ehsstgir (1937)
Hargnmu“(‘!gw) investigoted theoretically the canﬁwﬁvuj of fonised geoes specially
Tor frequencies in the microwave region taking into consideration the Maxwell Boltzmen
distribution lew for elegtron velaaiﬁi@ss Similerly the problem of rad:f;mqmwy
conduativity in presence as? tramveme negnetic field was investignted by .Appleton
and Toohariwalla (1935) ond elso by Gilaxding (1559) N

The method 18 useful due to the feot that from the raéiormqmﬁéy cezﬁwtiﬂw
' masmmtspe is poseible to calewlote the plasma parameters such se collision | |
traqmney, electron density electron tenperature, Debye shielding distonce epd the
~ Qieleciric conatent of the plassas A precise knowledge of these parmetaxa, theh-
| varlation with pressure, dlocharge current md magnstic field ia essential for the
pm;ia_r understanding of the méhanﬁm @emting in the discharge. Though there have:
"bam gome mecpurements of thése pamme*tern in the 'micmémve region the cotreizaammg
date in the mﬁmfmqwmy g:w been cnmpara’c&.vely little reported. An alisrmetive
method hos been developed in this mbﬁram;sy for 'ﬂm meagurensnt oif rodiofraqueny
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éandwﬁvity and meapurenents have been wede in case of helium, neony Brgony hydrogen,y |
ur ard carbonﬁmnde emﬂ the plama parameters and theiw variatmn “with pruom
- discharge emrmm and mmﬂe ﬁew have baen studieds

: 'E.‘m detormination of mbiu'by anﬂ diffusion cuaﬁ’icicnt :mﬁ the natwe of ‘-:iw,’t.r
‘variminn in a magnem ﬁnm is oaaamml for the theemucal empmaﬁ.on ot

: bma&m vo:.tage in gages in rad.wfrequcmy ana niemm regmn wyder L3 ﬁx*amern
nagxwtie field ma for mdamtaaﬁmg the natum of m pmcaaae- mmwing dmns

. the hmakdm. Though there have been 8 good deal of maamments oz‘ the mb&hfa‘

| emfﬁgg&ent for o wide renge of (E/_;,) vam@#m different gimes the correnpoqdmg

’ meémirémnta in pressnce of wpagnetic field has been little repor‘bsd 80 far. ﬁomsahﬁ
and Gii‘ll“ {1933) showed from theam'mal &ons;éeration that the mobility coofficient
of em%ram"in the ddrection of *&ﬁé.*ma@e,ﬁé field is redmaé and 18 given b,y .

: Vo Wy T Nhexe Wy = € /’rn . and q’

| .ti the tiue bammen the amaeééive ﬁo’lliamn's “The xzzébinw’ comfTicient in
L pmammu of mgmtia £1e1d hat bem determined :in cases of mnm. :mcm. amﬁn, e
: .Fﬂd wdmgen fron brseldom ueaaurememn dn prunme of mg:atw ﬁem and z;zho -

o from radiatmawmcy nnmlwtiviw measumentn and tha v&lidity of ?amenﬁ and

6111's expreasion has hmm exsinede Thig prwadea us m.th the renge of (H/E)
valuu wer which the equation ia. w:z‘li.d. R ' ‘

'.Ehe &iffusion eoetfficient of #lsotrons :m preasnce of aagmt:l.c ﬂ.elﬁ haa keen

o .cammm from tha usaamﬁ Qets cmductivzw e:f the gnses. ‘Im p:mbhm a&xtther

the diﬁusmn auafianm: of elecirona :m a8 a&ma“'ien gazpandicuhr ta mgmm tﬁtm
132‘10' mvemely o 32 Re auggeatea by Tovnsend and ga11 (1938) or taversely oy H

as pred:mted by Ilassey and %illieme {1949) heg been tested in the mmnt imeat&gation.
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The mrmm obtainad have been ut!.:.:luﬁ tor calmlamg thmramam tm
‘breakﬁm voltagei in gaaea in pmseme caf mgmtie Tields

Yhen s namstic field acty upon @ glow ddecharge various changes siuch a8 inorease of
equiva‘.\.em pmaam, deozesse in tha 1enmh of cathode dark spece, a change in redial
1on density and 8 marked chmge in the valtage current eharacteristice of the
dimtm'g%a ,me place. *Emnmtical ﬂ.mprpretauem of thege phumuem have been
provided by Townsend (1938), CGunthevschulge (1924) and also by Allis and Allen
(1937 )e. mmft of the eﬁpe:{menml woﬁzz in thie £ield hes been done in a hngﬁ.mdiml
nagnetic fiam. The effect of o tronsverse namtio mm on the positive column

as mgarde the elsotron uapamm slectrio field @:aaient and the new eleciron

* deanify hes been iheoretically oaleulated by _Tﬁé&m (1948 ) Though there have» bean
soRe mzamments an mgaxﬁa voltoge cwrrens ehmterinticn in & dischorge 4n &
tranmrse magnetic field no mmmaz mtarpret&tian has mn pmviﬂad an& it in
worth whils to unﬁaﬂaka a syctenam mwzgatim regexding the variation of

~ ddscharge current in a variable transverse magnetic fisld and since the dieckarst
currém i a-"Mtien of radial gl&ctﬁn demit& and iglal eleotris fleld, the _
.pmaam maéﬁgatiom ave expscted to show hiow thes«e parsmeters ave influenoed

by & ﬁrwemu mgnatic m»:m. The axyerimmal data will also provide s
verifiaatian a;t the tlwo:;y provided by Declomen (1948 ). The present investigstion
pmv:.aen gqurimntal date in cose afi alry carbondioxide, helium, neon end

" nydrogen amd a theorstical interpretation has been sought to be provided,
(@) s ' ' '

Seue emamt of wark ragmﬂmg the variatian of epectm:!. '.mza mmnsati-s ina gluw

di.achm-ga with regard w vaxlia‘biaa nf diaehwge curmnt, tha prezaure of. the
encloned gem have been stuiied by ﬁonslcr and Sohonhezr (1938 )y Fowler and
) m!fenaaek (1949 ). Bepideo the abova yax'mtera 'zhe effent nf an external meguetzc .
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zmm on ‘the mtemzty of eyeetral l.ms h&a heea atudied by Rokiam (1939) and by ‘
E‘abﬁ.kmzt. ana R@khlin (1938, 1939) in cose of mercury vapour disaharge. ?“ﬁh imreaa-
'ing mognetic field, ths[in{;emity in case of Hg, line A\ = 5791 ‘A and A ::'.39()5 A
gmauam iroreases 2d eitaining & maximem value grafiually fallss fu!kami (-3944)
alao mﬁe siniliar @bsawat:inns in cage cf eanstri,cted discharge 4n k‘@'ﬁmgen. o
theoretical explanation of the phemem was nowevar pmvided. In 03?‘(3.6"1‘ te

um&erstand more ¢learly the behavicur of fagt elechrons having eusrgy .grea‘»;az- then
tha emitatian energy cxx the gos it i propossd to m:a&w . aye zematic cbaewmion of
the -m emity dietribution of the opectral lines in the glow aiachmrve in gases:

like h,ydmgeng Jagdiuvn and mercury vapour in presence of a varigble transverse |

magme tic. field,

1%n (E/?) and pagnetic field and

The y;igiation of Townsend's gmona:‘epefﬁg‘;s;em with (/p) where B 15 the breskdomn

voltage péer wnit length end P :is ‘the preseure has been studied by & iargu' puanbey

of iﬂvasuga-unra in varioufs goBes. A syetematia dnvestigation of the problem was

. undertaken by Sen ond Ghosh (1962) in case of air in case of elsotrodeless discharge

and & theoretical equation wag developsd talting into consideration the various

. secczs&az'y processeg occuring in 1;}1@ ';ii;saharge. In order toexiend thev. theory :m case

@ﬁhér:gaees and also to verldy the vélidi:ty of the theoxy over a Mdg range of (E/?)

| mm's the present investigation has héen undertekens To find t&é}effeet of internal

'electroas measurenents have also been mode with disoharge fuben £itted with

: elec*ﬁmdes. e immtigmion repm:-tts the results in coge of helivm, feon aaﬁ aTgon.
- The general effect of magne tic field on the dwcharge phenemem hes been showm

by fownsend end G111 (1958) es well as by Blevinau Haydon (1958) 45 to change tne

7.)/1

pmssum_.g? to ;effgati;f_q;valm of pzfessum glven by P = P (1*01 H/p where
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- (e\_/mu)amen Lis ﬁmmmm path of the elea*bmnin the gea at &
pmmmm of 1 mae of Hg. ond U, deths rendem velooity of the eleotroms 48 Y is &
function of (E/x,) it is natural m suppose thnt Y will emsngu in premence of
_ mgm%a field ond ﬁm nature of the change hae bsen inventigated in cese of @1l
| the thres goses and an stismpt has imn made %0 :amsenﬁ a Sheoxy umah onn &xﬁ:lﬂin
. the abwmé m&ultt.

In calcul&i;:mw ﬂaamﬁcam mﬁ breakﬁem valmga in cese e;ﬁ‘ goees under the
»sction of crasaed wleotrdc ond magnatic field the variation of { /P ) with megmetic
field haa bem: men into comiéam%im by the ;mview werkam. s Y ie slso a
funetion o:: ﬁi‘w magnetlo field its maticn tsmum aisn. be taken into consideration
and & detailed *s&mary hes bsen put forwnrd by Sen end %ceh {1562) regarding
bma};daﬁn of gesen in crogssd eiwtﬁg m&mgmme ﬁem. »Tim prezent work ie an
| e:zm_'xgiﬁn of the thadi# ﬁemiopad by Ben end Gnosh im case of heliumy neon and sxgoms

The breakdown measurensnis have been -axten&ad up to mﬂiémsiummy region in
page of thepe threo mn gnd in pmsame of a tmmveru szagmmﬁ fields 213
A;:mimm detemimticm such o %}wsa of Thomson {1940), fiade (1946 ) were perdermed
in o rebonance mggmtie f1e1d whove the relation f&pph = eH [mewan antiafied
Brz:ﬂva mé his sasociates (1248) ax eﬁﬁeé the mamm&s u,n to miem regions
The eb;;«ect of t&m prerent inveaﬂgmim u me amﬁy ?&m mm 3 ﬁf variat;&.m of
breakdwwu voltoze in a8 non mmﬁ mgnmm field uham the rremamy of em:& sation
is fox mmﬁ from the resopant values A detatled ﬁmcry hae hee.n;} ;:m :E’azwm by
Ssn end Ghosh {1963) uttieing MJ@Q “medry (1952) of radtofrequency breskiom
| i.n'wtzﬁc:h the‘ aﬂ'w*ﬁ of magaetic £i014 hm bean, a&tabiy introduonde The preosent work
is the npplication of the theory in case of breakicwn :m‘ heliun, ergon emﬂmm

| With these ab;}?ata in view the pressnt thigaﬁma have been mdez'taﬁmn. . )
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SUMMARY OP7 THE PRESENT WORK.

Zm&i@m:gw&y condmtivi'ty meagurenents have béaa mode in the gane ezg iondeed
gases such & argonp helium, neody alr, hydvogsn and covbondioxide over the
px?@sewe Wﬁ of a fow microns to 700 micrens wd under an extornal megnetic
mm varying from O @ 550 gauss. From the emarimeméliy deternined valuse

of G, the veal part of @mm\mr};zw it hop been possible to calculate the
slestron density, the ¢ollision Lrequesney snd clw‘tmn,temﬁamwm and atuly their
variation with prescure, the discharge current and thé magmme Fields A
qu&nﬁmti% theoyy hae been m@é«aﬁ to explain the variation of elaeimn
témgaram with magnetie field &nd the ezperdmental dets compare well with the
theoretical variation gpecially for low Valueqbf presvvre and the magnetic field,
| The pressurs wﬂ)mx &% which the r‘._:.ﬁ ‘emﬁpﬁtﬂvﬂ.w vecoman maxinun shifis to
m@w velues with the increcas of %hé magnetie £ieldd for 6ll the méa ptudieds
fiood éﬁanmm%ive agmémm with the values o2 (B, )nm: darived on the btosis of
t!m mmeept of esquivalent presgure cnd the variatiom of random velocity with

m magetic Pield amd “the experinenial va:maa de obaamu. The dy.eleem'w
 gonmtant and *&m;Bebye eahﬁ.eidiag aiatence have been obtained from values a:t 0y
&m} their verietion with magnetie Fieid am’i mceaum hee been studieds A

qmutmiva axplamﬁm ef the variation af thege tvm pammm has bam

ma@g&a'&eﬂ.

‘I‘h.s valuss of mobility cmf:i’ieienta of electronm im iam.aeﬁ gaﬂes csueh o hel:hm,
neon, argon and }wﬁmgmn in prememe of & tramverm m&mm Lield varymg; i’m ‘

0 to 800 gouse and over o wide range of precoure have been mmpu‘wﬂ Trom



ot 120 g

(a) breckionn voltage messuvements and from (b) rediofrequsncy conductivity
meaguremtndts The validity of the expression & / Mu = LG H"/‘S1 deduced by
Townsend and 0411 (1938) exd alco by Blevin and Hoydon (1958) hoe been tected
%)y‘p‘ietﬂugz My, againet  \ [p* and the curve is &'a‘%x’aigm lius for o limited
zangs of precsure shove o925 mme of Hg. The constant €, i8 found to decrease with
the inoreass of the megnetic field and the variation of e, sgainst 1 is pavabolie
in naturc. An enalyticni exprescion has been deduced which expluing the variation
%o a fivet epproximations “ | ‘
iha varietion of diffusion coeffiedent ¢f electrons in a varieble transverse:s
magnstic £leld has been studied at & fixsd prescure in cace of nson, h&nﬁ!lg |
hydrogen carbondioxide and air by measuring the conductivity of the iammaei go8e
It hao been noted that within the limite of measurements ( H < 100 gauss) the
novanl 44ffusion isory of Tormsend holds and the variation of D/y agelust B
is e am;smt lines The value of the condiont G? is however a funotion of the
m@aéjtie':ﬂam_ end @ sinilor theoreticsl expreseion for O, a3 deduced in coee

of aieetmn mobllity holds in this case slag. He ancmalous Eﬁ.ﬁfﬁﬂi@:x of elsptrons
within the range of ’(H‘/?) values used in the mgﬁga@ion has bezn bbeemﬁg

The variatiou of diesharge cuvrent in @ trunsverse m@gm‘tie £1024 { 0 = 360 gouns )

haa been stulied in the pe@itiva coluwn of & glow dischorge in air, cmbenﬁio&ﬁa,
byﬂmgaa,m'gm and naon vvi'thm the g)msamm range of 80 to 200 mﬂlitorr."&m

| @wem graﬂwany rioces with the inmcreonse of the magﬂamc field then m;t&m a

maxﬂ;ama valw ot & particuler value of the magnetic ficld vhich is the same for all

m"éa%s and independent of presouwre for the suane initial éiaeharge eurreﬁﬁ and

the mﬁmm& valwe of the current is inversely proportional to preseure in cage ef

all the gasee. Utilizing Besknan's expression (1948) for axial elsctrie 1014 anl

the radial eloutron density disiribution in 8 transverse magnetic field o mathemetical
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expredsion for the discharge current and its varlation \fmz the magnetic field hes
boen dﬂdweéa:‘m'a' éxeafazical’ results are in qualitative agreement iiﬂz"e:&;x;frmeum
obesrvaitions cnd the oausse of dscvepancy Have been atiributed o (a) Lnitations
of m:sm'é cxpmnis.on for slectron aeméy as’.-amwtién"ana a'giéa. eleotric f1e14
end (h) absence of dads. :ror fraciion of ‘ensrgy loss in eolnaion and the clsetmn
temperature &t (E/?) valuea at waich the present ohaervations havo bcen mﬂao -

The velutive intemvities with on mfh@t-’mmﬂm fleld of some of the smémi ‘
ls.mn from tha.pm;.ﬁve ﬂeém of glow discherge in hydrogen, heliur aud meroury |
vapour excited by a rediofrequency scurce heyebeen mesgured in & t:*azmmrn
mmﬁg-,ﬁam_mmg frun © to 3000 gauss, The intensity in each case lnereases
graduslly with the inorease of the magnetic field and atiaining & mexinum at &
m;g:ieular value of the magistic field .whmh‘ io dxmma’t -iar different speotral

: ﬁéa gradmm disinishes. A qmntiﬁéﬂva‘ theory hes hean‘mmm taking into
cemmamtion the. iaarem of eqm.valant pressure -and decraaao of electr:m
temzmmm due to ths presance of the. ma@o‘m t‘&ezd. Tna value af the magmﬁo
t:!.e:ld at which the :lntemiw bccomee 8 mm ag mn ag the maxzmn 1ntemsity |
ratin ies boen ea,leuum. The expevimenm mnult- am in Fatr ammnt mth
, ehemrem& dodustions ard the cmon o:l' aitwmpamy have been dincusso& | _

szm veiues of Vthe Townaend *a ﬁeemn:! caufﬁcient heve been celculated Tyl

bre;akﬁm messurenents over a wide mz.ge of (#/,) valuse for argon, helius and nson'’
with d4fferent Jengthe of ﬁisch&r&p. tube in guse of el@ét!‘&deldas- ag well ag ia

cese of discharge with electroden, The varietion of Y wi'bh (E/P) shows that

is lavee both for high end low Yaluss of (F/P) and ma.ﬁm conetmt for 8 eertein

mnge af (E/P) va}.uea fisar the value for mmm'm braakdown voitae;h The tlzeory ‘



-d ?“‘Qf‘ﬁi $o

pmwaed by Sen and Ghoeh (1962) hes been appuaa in thie case w0, am 1t haw been
found that aantﬁbumm oY arice from four és.stﬂ.mi ceusen (m) e:tactmm
ctxﬂkmg ﬁw slma surtaea or vhﬁ alectmdm in aase of dlasharge with elec’amdes
(b) poanive 1one atr.iking mglaaﬂ em:*:tace (o) ionization by poaitive iona

(d) pnotc :.onimuen. Tha mthematﬁ.ual expreaemn dex'ived by Sen and Gnowh (1962)
can explain the vauauon af Y m.th (B/P) in case of thess ga;es aleo,

From the maammnto of bmakém wltegea m a trensverse magnetie £4814 the

va!mn af Y ffownsem'n geoond coefﬁcim‘h ins mmtm ﬁ.e:k! have been
caldulated in oase of argon, heliwn and meon and the vaviation of e agai!wt
| }i haa heen famd f.e be mpemm in nature for different values ot pressure such
¥ '{'-a 50# 3 60M 15/1 s 1500 ' 180 wnd 220). o the magmtic mm varying
l".x';fen 0 %o €0 goums, Aums.ng the uxprauian daﬂna by son and Qhoah (1962)
: g aszeesioa h&a been acdmeé Lox the v&rmtz.on 0:! \/ mth magmtie mm. ?Ihg _—
E ‘tomula aema can azmmn the vama:mn ot \/ with n:agmtm £1e18 and the |
qmﬁitative ameamnt is 21s0 aamnfwtory . "he m:i.tationa 02' the thwmticnl

derivaman h&vu bean dieemsed. L

m vaﬂatian of breakﬂm po'l:emia‘l m case of argcm, henm am mon haa hc@n
ntuﬂiea m case af alectmaeleaa d‘&sahargc in a ﬁecharge tuhc o:s lsngth 11

T e m case of discharge with ahu‘tmdca ia @ di&cmge ‘L‘uha ef :wasth 18 ome m a

| ,tramvem magmtic mm varying fmm 0 m 2&6 gmms. ”ha breekdm valtage :u
always mmd o' be higher thazz whm no mamttc fiam :!.a pmeut fo 81l valmu of



o w125 tw

pmmnms aad the pmmuze af whieh %he ma&&m voltege bacones & minﬁam Mmasaa
g:mﬂually ag ihe ma,gm%;ie “"’:«‘.elﬁ is ﬂmreexseda Imm'pﬁram -ahe QonaEpt of equivalent
pxesaum (Blevm and Iiayc’ian, 1958 ) o wall a& -hha varia%im o:,’ \( with H (uaxz fmﬂ
Ghaahg 1?352) an expression for breskdown *mlta@e ia cm&zmﬂ e.,.@e'c:eie end magaetic
fiem han béen éaéme&. The e expmaé Ogan not enly emlain the :Lmreaﬁe of 5
hre&kawn wltewe in a mgm wie zs.e.’b:z bu‘t cun ss.,caunt a&ti&acﬁarﬁy the ehift of
premum for min&mm bmzﬁx&avm voimg,m a8 ﬂm valm of the ma@msie fiem is

grgdt;am ineyrensed,

Breakdown e}mmsat@riatié@ of a gas (hei.izm, teon and argon ) wdsy Tofs excitation

(mquemy 4012 kﬁzgacyclasa/m) in & tronsverce ‘ponregonant magnetlc field (0120 gaucs)
have been studied over a pressm range of a few nicrons to 1.9 mme ©F mmm.

The bmakﬁown voltege iwa been feunﬁ % e grester than when m magmetm field is
presam for all values of pre@sum end the pressure at vhich the hreakdc»wn voltoge
beoccnes minimum increaces with the izerease of the magnétic field. The experimental
resulis indicate that majpr diffueion and mebility lnsaéa m place along the exis

in which the. elsctric Tield is appiied. The thsory daveloped by Sen and Ghosh (1965)
can explain éamefacmruy the inerease of bma}zemm veltagé ag well as "che éxhﬂi';i ol

‘ywmm for minimum breakdows voltage eweially fozr low valuas of magnatic fﬁ.ald.

- :The «iisarepsmey with expérimentsl resulis for bigher vaih&s of megmotic Tield hwa

been a‘iztrihutm to {a) merﬁa&uw in thdvaluse of moleculm‘ ccm'&mm infroduced
by Kihara in hie teoxy (9952) (b) i:wdequmy of the amivslan* pmnaum conesph
ot high (#/,) valuwa,



