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m.ﬁerent aspects of ithe radiatien properw of ths gasess dlsohnrg.
«.‘-.um ezn:.teﬁ by Qe0e eleatrig £leld nre inveatignted by many urkera tor 8
J.mg time end a fair ameunt of lmawledge has been sbtalned en different
xechanisns of the radiation enitting precesces. One ef the interesting
features of the glew discharge which hes net yet been cempletaly wnderatesd
is the different precesses by which the intensity of the radictien frem the
celumn changes under different dimcharge cenditiens and in presence of
external £iel4, .

Beasler end Schenhery (1938) identified bsth bressure and ourrent
depenfient losces of the radintion ef moroury ine ( 6% — 6'5c ) aza |
attributed taed to coliimiens ef the second kind with neutrals end electrens
reopectively. Many werkers ebacrved deoif%ae in intenslity at large density,
© speciqlly in inart gesss. Pewler and Duffendsck (1549) found the dependence ef
tﬁe intencity of the gpeotrol lines upon the tube ourrent to be linesr within
exporinental srrer. This rolationship wae ebserved for all types of transitieéns
and ever a ourrent range of helf myA. te cne humdred mAs ALl the densify v..
intensity ourveo have essentinlly the came ferm rate of decey and lecatien ef
the mazimm exvept the transition 23P= 333 , The pessibility ef an.
unrecegnised preceas other than direct excitetien has been suggested frcm the
resulte eof sbsorvations ef radiation from & low veltoge &ré in helium sa s
function ef gam dennity, tube current and tube potential. Duffendatk ond
ioppiﬁ’i (1939) ebserved increase of intensity of radiction fer the femily ef
tranaitiens eniing with <P statos 4n the nogative glew which shews 6ié
Qmmnthi t.; saturetion with seroury cencentration mnd varies limsarly with
tude current. Hedges and Michels (1920) sbssrved maxine in the radiatien



«3 174 t=

i.ntem‘ity with ohanze of prescure frem pesitive celusn of helium diacharge.
Altegethsr they stuiled thirteen lines in the visible reglen, Fekhlin (1939)
sbgerved maxing eof seme ressnance lines of mexém'y vepsur diescharge by

k Spplying lsngituiinal megnetle fielde Kulkarnd (1944) etudied diecharges in sune
gasep,y inoluding cems rare Ms in the apparatus uaed for ebservation ef Zesman
effect and found the intensity of some of the speotrum linea shew aaxime at
different mognetic field mﬁmiue- whieh am was foumd te depend en
wavelength and the presence of fareign gus.Some lines 444 not !;mrever show
maxize even at the higheag nognstic field intensity availsble ‘m the setup.
¥o detailed mathematicnl anclysis was put ferward. |

Dut very 1ittle knowledge beth experimental and thaoreticel, 1s available
en tha epticnl rediation properly of high frequeroy discherge though Beok (1935)
in @ peint te p’mt Qemparison found atesdy glmi diecharge in morcury Mﬁn-
. gulshable fron 100 Mo/s diecharge, and also tho 1dentical nature of their
radictien rrepertys In view of thess observation it will be werthwhile te
investigate the yediation preperty of mga froquency d:.leehnrg- and 1t is
preposed in thcl mrenent invesiigsution ts atudy the effect of tronsverse d-c.
wognetic fleld en the intensity of epticsl raliation. ﬁhe investigatien has
shawn cepe intomenting resultp eih the infiuvenne of externcl magnetic field en
tho intenaity of lins rafiatien.’ A theory from ve.ary elementary csnsiderations
hes been prepesad to explain the results en the change ef méz éptical redistien
intenaity of the column.

ERPEHIHHH&'A'L ARBARGENEN D -
The Adisohsrge tubes are fitted with aluminium eleotredes snd £31%:8 with

30508 NOoN,y ;rgm end heliwm respectively which ave metmaeopiem:} purs and
at o pressuve of 10 M.ms MeYCIUrY a3 aupplied by the merufacturcr. Thess tubas
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are the eans as were used in en earlfer expertment while studying breskdown in
cmbined radisfrequency and d.ce field, Tie mgh frequonoy nela is é:mpn;a by
a tumed plate twned grid oscillotore The wniform mognetio field :i.ls appiied by an
motmagmt which 1o calibrated by a gausomotere The phﬁtovoltgic surface
oume?ted with & galvanometor Measures the roletive intensity of the total
raiiaticn frem the colurn. _

- A congtant deviatien ppeoirometsr with gless priom 15 used to abtain the
speotrum of the discharge colwrm in ihe vieible regien. A ocamora with sliding
arrangenent photogrephs the speotruns Thephetegraphs of the speotm are later
analyeed by ¢ micrephotometer nrmangement and the intenoldy profiles are
sbtuined for ecch ine. Core has been taken to seethat expesuce ti.me for
aiffemnt soto of gpectra of the seme ges at dirfarent magnetic ﬁeus romein
rigidly the scbee

RESULP®B AED DISCUSSION

High frequency discharge falis in the oatagery of thermal electron discharpese
An2lysin of the redimﬁcn fram the thormael dischargos must boe made on the basis
of cloctren cencentration aml 119 velsoity distridbutien. It io reasonobly
gcourate te conaider thoat the elecotren tenperature vhich gsverns the veleoily
.4istribution remaing constant gver larza regiens of the discharge. Thio is

baeawai the gleotren tmpomtin'e is alpect directly prepertienz) ie thoe
slectrostatic 21e1d 13 the gas and the electrostatie field 10 tunggntislly
conatenty at leaot, from ite conservative pz'opertieé. In tha absence of apace
charge, thoro can be no change in nornal compensnt elther, thus esisblishing
the conditiona for constomcy of elooiron tmperature. 1
. In the otesfy otaie of the glow discharge colum at @ fix=4 precours,
the clactrons coliiding with noutyal aton msy exgite 1t or douice 1t, Since
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excitation petentinl is much lewer then deniention patential, s» an elsctron
on the average suffers a larss mmbor of inelasctio expiting cellisiens with
nsutral atensbefers it sotunlly lenises an atom, In the ateady state, the
average pepulatien in an expitatien level determines the intensity of the
1ins, The preceso of pspulating o level by electron cellision with neutral
atea is dQepenient upen the rate ef o2llicon, emcitatien orens sszctien amd
density of the celliding particlase Censoquently . 1t is mast likely that
ey cmi-nal Anfluence changing the rate of collisien and density of
©0114d1ing particles will effect the pepulatisn denoity of different axoitatien,
lavels. and thereby osuse & change in intensity..

The change of population in a given state ef excita:ion dus to
cellieicnal intersotion beﬁman electron and atom is reprecented by the produne
tien functien P which can be writien for elatatione ef a type heving the cress=
ssction ¢ (u) per undt velﬁ por unit time as s (Fewler ;956)

Bo= mr(n) | v2er | b du .
e ese(7e%)

where L = relative veleclty of interacting electron and atem which 1
praotically the velscity ef electrons & atexy velocity is very small
compared to elocotron.
H_ = electron density
P, = preduotion functien for ji state of exsitution from greund state, the
carrespending rodiction frequency being ;) e |
WU, ™ minirnse veieo:ttg of electron for which Gj, =0

¢} = Maxrell = Belteuan distribution funotions

Pellewing mxﬁ- (i’9§5),{ far gasea which de net sttach electrens, the
predwtion fuotion 1s direotly prepertional to the current density and 17



wl 177 3=
radiatien 1s the chief cnergy less leehmmi. the rafiation must be
pr_oyorticml ta the current Juct es in meneencrgetic electren discharge.
Censequently we cen take preduotien function ¢» be preperticmal te tatal
intensity ef radldticns Thepredustion funotion for all types ef excitatien oan
be sbtained by taking sumation ever ; o previded we asmms that all the
transitiena are detween ground atete and excited lwelo.'mo tatal preductien
funetion

P = E ZA’IT(N) u3 &, - - du

u‘mvh

Consequently, we can take the tetal intensity 1 of the cemplets rafiiatien
coming sut of & disgcharge colum as propertional te P. Therefere

1 =< ZLHT(N) . o3, P au

W,

ess{72)
Nett and Magsey (1950) feund that fer eptically allowed transitiens, the

q -

oress =gecticn is approximately given by

65-0 o fﬁ_ . e';fB- H)o L,_?@rmu,//&%a)

where 4,, w Etnstein'e transitien prebadility
C = velscity of licht '
h = plack’s conetant
¥Ye have aasumefl hore that slesirons are distxibuted Tellowing Maxwell = Beitr=

man distribution lew and censtitutes the election gos at a temperature T
which is callcd the electren temperature, a measure-of energzy of the
elsctronse Conssquently, the pressure of the ehctmn]ga is given by

R =(N)KT
where K 1ia Beltmsan cenatant
Putting the velue of <& ond 6, ini - equatien (7+1) wa gt
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F = = Lm(N_ )S‘u?5 (”’“/9-7\'\4"12) ex};( "““/?-KT) 3e%3 As,

&,) wr loj(zmu%‘ )-du.:

O P

= Gmn) ("“/Z'H'KT) _3_‘5_&20_ Ju. .e;g};, (—'hnu"/:z. K'E)_Lra,@'mu‘/x\%o)_du

u"ﬁu'rh

Without going to0 evalinte sxnetly the right hmd side of the above
sqamtion, Iif we comeider only the teyme involving T, ed F.
then as & £irst approxizption $4% can Do satd that

A 2| ]
‘D)_ = ——ﬂ[—;s-:/—LexF[-—'rv\ uwm/Q_\(.Te,

And mince P:ZPJ- 5 we got

B

pu

-00(7-3)
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which ie preporticnal to ihe intencity of total radiatien frum ths column .

When & trensverse magmotic rield is applled to the discharge column,
the column im constricoted. Due to this constriotion of ths column, the <lechyon
oellision sndbemoe the equivalent presaure of the electron cslumn inoresssw.
The dectease of the meen free fath results in the @screese in the average -
encrgy .. gained by an eleotrcnltaween twe succeseive cellicions with
nitrel atame Conssquently the elsotron temperature decrcases ( Ven Fngel’ 1955,
Sen and Gupta 1957 )o Se from the very simple considerstion, the everall
effect of the applicotion ef oteady transvorss magnetic fleld en the
radiation property ef the diecharge column can be scosunted fer by the chengs
of P and T. with moeznetic field only and assmuming that other facters
arising in equation (7.3) remain uneffected by the magnetic fleld.

Ist us sssue that in prosence of magnetic field, the values of P, and .
ere given by £, andT,, o Hlavin and Hayden (1958) provided a relatien
betreen £, amd F,, oo P

1%
Ry = Pe_o[1+ C(H/Peo)] |
) coe(Tet)
™he torm C= (e/m) (L/Ulr)_ where L is ths rean free path of electren
at a pressure of 1 m.me mercury end U, 1e the‘ random wlscity ef elsotren,
erd H 1s the mognetic field. The cuthers assumed C tol» constant within
the valus of Hp = 300 GAUSS/mom of Hg.
The relstien between 2. snd F, as given by Von Engel (1955) 1e

£ exp(x) =p (R PR
wee(7e8)
whare «* = Q,V;,/K'Té ‘ and /e = (O.. V(VL/R-# P) , = Pressore
and /3 is a mmerioal censtante
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Here K = mobllity ceefficient of pesitive dens .
V. = fenisation petontial | | | |
& =initig) slepe of the officlency of lenisatien curve. u
Tellowing Sen and Gupta (1967) 1t 1o asoumed that Teo, Ro  amd Ty R
are the teoperature end pregsure of the eleotron gas without and with
external magnetic f10ld respsctively which eatiefy the relatien (7.5) «

exh (€Vi/KTe (Te.u )’?' (&)
Q_:Lk: (QV;, /\(_reo Jeo '
Msuntng T — T, = ATe ; whre AT << Teo  (Sgn and Gupta 1967)

and wiaplifying we @t
Teb '_——l:-H =

Hence

2 Tee Loy (Ru/R.)
Te, +.2€VL/K

B Tey = leo “%Téf R@@ (Reu/ P“)/Teo +2 eV-L/K}
wee(76)
If tetal prefustion function in presence of magnetic £ield be |y and |
cerreaponiing intensity of tetal radietion I, 4 then using relatiens
(7a2)y (7e3)s (74 4 wo got l

. 8,,.
By T Ru ) ex
+ = 1= R T bl
p-
where © - _If MW -Junim- exnitation energy
I _ B.u —reb ‘372 E,m N —-“—eo_—réﬂ
/1. = Tew “Q"\’[‘ W e
12 we sasume o, Te. ¥ el
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Putting the value o2 T, frem equatien (7.6)

e
1 >
b, ( )[1 27Te, log (a,H/P)/T L2ev, /X lk{—i ﬁ_%(zefd
Talkeinz leg of Leth nides we got

L’Z%) - 123(—{;—) L’E’IL_ % luz gja;%)} et

aincs 2( 2Te, L,:,-a (PQH/PQQ)/T& +2e,\1clk§ S , the sbeve

sjuation reduces te
ALY 1 (Ru) s 2Thg®ur)  26m Ley(Rafe)
by () -l ()5 Bma) -l

5 Te 2 &,

LT K} i Te,o+2;va/\< 3 (E+2€Ve/*&)}k"3%)
= & hoy ()

Teo 2 Em
where o{ - 1 + -‘-e-o_t_ge\}/\z KCVQO+QQUQI\Q> " ese(TeTa)

ess(7:7)

: . . ‘ _l Ay
Hence IH/I = Ei“) = ii :+C’(.H/Pe.)‘3

The values ef the different quantities eof exprensien (7.7 ) is tsbulated
ard chown in table I fer the three gnses.
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TABLE ol 1

Gen l 9ev.\l Vi € (‘ra,, Fadius Fressure
)| wats| eewe | omi? |\ et el 2| 3
x 107> _ xio® | g | ame ne
K K fvotrs. | e
Nesn %4035 215 16 193 9 . ¢9 6 «4852 10
Heliwm| 5«74 245 19 5 10 o8 4| 5172 10
Avsen | 3713} 15,7 w08} 2 . 7e5 | o8 40 | 5002 10

The values ef the canstaonts ef eccond and third ooluwwis are taken from Ven Engel
(1956) that of fourth column frem the works of Druyvesteyn and Perning (1940)
a0 of eixth cnd eigtn columns fxom Von Engod (1955) from which the values of

Teo are teken utilising the universal ourve of T.i, agnimst £PR  where 2 18 &
constint ¢ R the redius efthe tube. The valuss of C" are chosen by £itting the
squation (7.7b) with the exporimonial curve, as thare gm reliable valuss ef ¢
for yare zames. The ratie of the intensity of tho tetal radiaticn fycm a column
with and without megmstic £i6014 is ebtained directly by teking the ratio of the
galvenemoter deflections at two vaiues of the magnetic field kesping the
maintainerce yeltage qonstants These »atie [, /1, 1ie plotied agalnst megnatic
21614 H 18 £128:30,% 52 « In a1 the thvee geses otuiled ( Wi, Fe, A )it ie
obeerved that the ratie of the intemsity ef the tetal radlation incresses -11.-_;3
the increase of the magnetic f£i0ld, but at very high magmtio f£icld the curves
shew = saturation effect an im oboerved by the £all of the raote of rise of the
quentity I,/1, " e Baeaver, the mresent estup could not previde us with
asgrotin £1014 of very high dntonedty te investigate whothor the curres show

o maxinun and then deorenses Presently, work is being carr:le& cm:t with a new setup
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t9 luvestigate tha case in e strong magnstic fisld,

The enhoncemant of the tetol yradletion by tha. application ef the magnetic
field 1c always associated with the increass of the intensity of individusl
iinss of the spectrime The photographs ef the spectra of some arbitrary r.g!.ﬁm
of three gse discharge celums -dm shown in fige.>3, 31.,3;“ alsng with the
infornatien of thn envierement at which the pho‘tographl were taken end the -
respective miphphttmtur trocing of the intensity prefilss are alss glven.

The intensity prefile curves show that the different spectral lines inorease
at differcnt rate when magnetic field is applied. The present microphotsmeter
trecer besm ceuld net penetrate through the darkest linss photegraphed 1.e.
1ires of high intensity. Theitrooing of all the mederately intense lines that
‘n.re‘ photegraphed ahow o marked increase in the megnotic field but at differend
vate. Hewcver the inoreaso of intensity ef bright lines can be seen in the
photegraphs itself, Consequantly we can say that the incroace of intensity ef
tetal Mht;on is always asceciated 'with the increass of intensity ef the
different linse of ithe spactra of the discharge colume. It may be much that the
total enhenced radiaton is edually distributed among the different exnitatien
lovele, and a8 the initield pepuletions of the exgitaion lavels are different,
the linss are incressed in different ratie. MNirther analysis of the linesd
pediatien xeGuires infsrmatien about pepulsatien and expitation cede of tbn
individusl lines without which it im not pessible te arrive at sene quantitative
resulin,
' Cemparisen of the theeretical pointa ebtainad fron equaticn ('?.ng) ad the
20114 expsrimontsl curvas in f£igs.30,%, 52 show a fair coownt of agresmant |
between theory and experimant throught the renge ef ebasrvation for all gases
when ocmputsd values e£'C' are used. Eén;vum:int\y ofaxy reliable valucs of
@ led ¢t the computatisn of the valuce of C which 1e open te criticim as a
source of orrers The valus ¢of C s5 obtained ghows not xuch divergence frem
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the valuse used by the previous: authors and cleae approxinate values
ealculated from the definition of ¢ o Myreover the assumption that C is
independent of magnetie field ie not valid ap has been chown by Elovin-and
Haydon (1961), Sen end Gupta (1967) becauss C S0 a funotion of U, 4 the
vendon velogity whioh io 4teelf a funotion of the magnstic fiold. The wncortaine
ity in the mecswrements of U, and almo I 4 the mean fyee path at 1 m.n. Fgs
£ails 40 give any reliabls value of C even at low magnetic field which is
the Bain reason for the nocescity of computation offiits valuse Howgver, the
present computed values of ¢ 1ie vary cloee to values given by Sen amd
Gupta (1967) for Hoy Ne and Ay and the disercpgmey between therespeotive’
vaiuss of C mgy be attyibuted to the exper:lménml conditions ;'ihieh is
different fram that of the fresent wWorke

It may be mentioned here that in essessing thepffect of megnstic field
on ths roadiating colunn, only consideration is maée about the influsnce of
the mognstic field on two perameters R, and Tz, which 4o & lnown fast
but peselbility of having scue effect on ether porcasters involved in the
mechanien can not be ruled cute

The eaturationtendency of I,/T, ot high magnotic field could mnot be
explained by the present siumple theory though At con explain the result wpte

Hfp, = 200 gouse/ mmg‘ﬂg.:;g The reesonr tho chort:fall of the theory moy
be attributed to the dcubtﬂzi validity of the expression for To, at high
negnatic field &ﬂdm;ceptama of C es independent of H,

Cenoldering the uncertainitics 4n the computed values of ¢ smd
validity of the different expresoions for the verdation of t;m paraneters
"R, amd Te, in tho rongo of worlty the theoretical epproach may be sadd

to have a foly anount of success in explaining the mrecent vxperimental

results for neon, argon ond lwlitm‘..
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