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ECOPE AND OUIJECT . GF THB PI‘J&SMY'A‘ WORK

Though the various sepects of the phenomena of electrical discharge have
been explained by the exhioting theories there are ‘certain problems which require
more sxhiwiive theoreticel and experimental treatwent and the present work
wnder-taktes to investigate some of these problemss

(a) BHEARICWN OF GASES BY A RADIOFREQUENCY BILECTRIC FIBLD.

The condition for the breakdown of a gos exeited by high frequency |
electrouagnetic waves depends mainly upon factors such as the pressure of the gas,
the dimmién of the discharge tuvbe aml the r;eqmmy of excitation, The o
dominent foctore by which electrons are lost are diffusion end mobility and 12
the gas is an elsctron attaching one, *hen by electron attachment elscs The
A'cleatrona are assumed to be produced na:l.nly by ionisation collision, Hamed on
theoe assusptions Herlin & Brown (194? ) devaloped the theory of high frequency
breckdown where the dominent osuse for electron removal process is diffusions
Starting fron & molecukr model end eseuning sultoble crosssections for
fonigation end excitation procecees Kihare (1952) has developed a phenomenologloal
theory of elécmai d!.ncharan phancmena, In hi.o theory he has ssoumed both dirm-
sion and mob:utw as olectmn\moval prouessea. In crdez' t0 ascertain whieh
pmeeaa :li don:imnt undey certain conditions ap the cause of elsctron ramoving
process it is mecessary to carty out experinents with discharge tubes of
different dimensions and the pressure varying within wide limits, Oonsequnntly
'bma!ndovm experinents have been performed with diacharge tubes of different
dimnaiem while the rressure is varied :fxm Y :cw miemna of Hg. t0 a few ‘
n:l.umt-r- of Hge and with different frequencies of exeitation. It will also be
of interest {0 see whethor the oxpermental Tesults can be oxp:laimd by Kihara's
rtheory Because no systematic oxpurim:antal verification ot the theory hes @0 far
Been earﬂ.od out. Elentmn attachment 1a a:uao another process by which electrons
are lost in electron n-,ttuqhing ge.ses and thia faotor has to be incorporated in the
genoral equetion of breakiowns Attampt willls made to teke into consideration the
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eifoct of attachment and to soe vhether the experdmental results suppert the
modified thecxye , ' -

4 The breakdown of a gas excited by a radiofrequency volinge in presence of &
tronsversy mognetic field has beon studied iiy pmv:iousa workers emd theoretical
interpretetion of the experimentel resulie hes boen advanced. Zoth longliudinal
snd t;amverse nagneic fieldo hove been used snd the frequency of exeitation and
tho valm/of the magnotic field have béen ediuvsted in such 2 way that the relation

w= € H/MC is 'Qatiaﬁea where @ 10 the frequeney of the applied field
aleH/mc i3 the ¢yclotron frequoneye It will Le of intorest to see how e
breaiidown voltage a8 well as the pmss'm at xvh‘i;eh the breakdown voltazs
bacomes a minimun ohange when the mopnetic field iz far MOwd Trom the
Yegonante valuse The pmceduz‘e- 0 afopt in suoh a case is 1o modily the
breakiown eguation teking into sccount the effsct of mngoetic fielde It ip
proposed o mrry ous such ealoulation in case of both Brown's end Kihara's 'c:,vzéory _
and verify the theoretical deductions with the experimental ohs&vaaﬁiam. hie
study ié expected to give we infomaltlon regarding the interastion of the

magnetic field with ioniced gamese

(b) GAS BREARDOWH IN A RADIOFAEQUENCY YIEID 1IN PRESENCE OF
A SUPERIMPOSED DeC. FIELD. |

It wae ob;saezyea by Verele (1947) end Kirclmer (1947) that the breckdown
potentiel of a gas exvited by a radiofrequency fleld increased when a d.Ce 21014
is supcrimposed scross the discharge tube. It wes expected howevar that the
presence of the d.c. fiold would hasten ionigation and a smeller bﬁeak&om
voltage would be neceszary, but the resulis were contrary 't«_a what was expeoteds.
‘Vornarin and Brown (1950) caloulated theoretically the distribution funetion of
elscirons in en ionised gas in pressnce of both vadiofroquency and dece ields
and they auggée'ted thot vhen the radiofrequoncy £ield 4s only proseat, the
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. electrons are lost mainly bzi* diffusion but when in ndditicn & dece Pield 1o
applied the eleotrons ave oot by mobility elsbe. This inorecse in loss cen be
compeneated by the inerease in genorasion of olestrons and consequently the
value of the radiofrequorncy bmakémm voltage incresoses. The thoory was verified
b;:%: (0\1;50) in case of aif at @ pressure 38 mme of Hge where e d.cs flold
upto 200 volts/em was applicd. Fo systemntic study of the breakdown of gases
vnder the simultancous action of the asce and dece flolds have so far been
' made and 4% 4s expected that this stuly will throw move 1ight 4n the meohenien
" of breckdown. Ap Kiheva's theory (19%2) i@ s general ome 1% will be 1ntema’tsing‘
{0 oo how the theory can be further modified by taking into consideration the
insrensed looe due to mobility end to corioborate 1t with the findings of the
experinental rosultes Further Vérniin end Brown (1950) in deduwoing thoir
theoxry only considered the effects of increoased loss dun to moblllty and
diffusion but did not take inte account the contribution made by incrsased
lonization dus to d.0s ficlds This foctor may be emall when the epplied dece
field is emell but it hag to be taoen into consideration when the dece field
becomes comparable with the radiofrequency voltsge applied. Consequently the
genoral theory hes to e modified by 'samng into considemtion this inorease in
the eleeotron goneration process éma it :19 expeeted that'at- a certein value of
the de0o :tield the breakdovn voltage will ehow a naxdimem and wim the further
increase of the applied d.covol'bage, the radiofmqwncy brecidowm voltage will
.hm a deoraace, because at hig‘nsr d.ee voltagae ionizaticen by t’ne de0s £ield
will be coneiderable. The objoet of thw part of the wcrk is thus to pee \vhethar
the bmskdown phenomens will follmi thia pmcess and whethor the exporimental
recults e.g,'éw Witk the theory devezloﬂea. The atudy of the effeet of attaetment in

this type of guas dreakdown in oome alectr@n.attaching gaaes will alzo b stuﬂied. A
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(c) SECONDARY ELEQTRON RESONANCE BREAKDOR '. mmxmﬁ .,

The theory | of mhanium or bmakﬂown of a gaa at pressures le-a than a tew
- microns and exclted by a radiomqmmy field has been provided by Gill and
‘Yo Zngel (1948) end Hatoh end ¥illiexs (1953, 1954)s It has now been ewtablished
that bfa-akamm_‘- is caused by the increase of eleotron ty the resomnc; 61
seoondary electrons with the electric fields A few electrons present initially
by matural cauaea were aoeelerstod ta ons end electrode where they produced
wecondary electrans by impact. These secondariee wicre enitted in @ reverss
olea%ric f:lelﬂ which carried ﬂmm to the opposite Qloctmde in apyroximntely
haelf a eyolo to produce another group of secondnries. If secondsyy emiesion
© yield im grenter than unity,eleotrons are multiplied to & very largs quantity
in a very short duration end this reeulta in a bnekdmm of the ges. Hatoh am
¥illians extended the theory by asa_miw higher modes besides the conventional
half cycle omes The theory of G411 and Von Fngel predists aml cut off law
relating out off frequency end elsotrode separations Taovgh the above theory
‘can explain most of the exparimentéi obsezvationo. it i1s worth whih, to
inves{lgate some of the aonaequencaa of the theory with resard to variation of
-tarfﬁ.ng mltago arnd the cut off fnqmwy with the length of the discharge mbc.
‘The effect of super imposing an external field upon this type of diecharge

was investigoted. by Fossel and Krebs '(1954) but no quentitative explanation of
the cboerved resulis was provided. It has been found that superimposing a d.e.
2ield parﬂ.lol to hisgh frequency field starting cen be made more ditﬂ.ault.

A small static magnetic field perpendiculer to high freqmmy eleetric field
causes & general increase intreskdown potential and a lowering of the cut off
Lrequency withaut changing the nature of tha {E =N ) curve where E s the
‘starting field and 7\ is the wanlength of the radiofrequency fledd Deb and’
Goewant (1964) made a theoretical approach % the problem when a steady magnotic
-ﬁe‘.ld in plmed perpendicular to the high froquency ﬁcm.
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No pyotemantic obsorvation of the phenomenn of the secopdury electron
resonance undey the ection of &n externcl mognetic f£ield hes so far bsen wdertolen.
The object of this part of investigation is to etwdy the effect of a transverse
magnetie ficld on the breammu potential in dischorges oéntrolled by the
phenomena of sscondary electron resonance and sleo the effect it produces on the
eut off frequercy, It is evident that the theory of the provious workers hso to
be modified to take incto complderation the effects produced by the magnetie
ficld end 1t is presumoed ﬁh&t these investigations may throw eoms light on the
 mechenism of such disehavgse | | |

(d) LIGHT INTENSIT | OF GILOWDISCGRANGES IH A OTEADY MoGHETIC FINID,

The vedietion property of glow discharges excited by d.c. elestric ficld has
boen ctudied previcusly and ¥he different processes econiributing to the imiensity
have been iMentificde Rossler and Schonharr (1538) identified both presswe end
“eurrront dopendent losses of the radieition of Hge ( 63 R - 6' So ) em
attributed them to the collisions of the second kind with ncutrale and elecirons
vecpectively. Powler end Duffendeck (1949) found the depernderse of the intensity of
spectral lines upon the tube current ond observed that the variadion is lirsar
within the experimental eryor for all fypes of transitions and over a current
renge of helf a millerpeto one hundred milld empovs o Tie effect of en extornal
magmotic fleld ou% intensity of glow discharse wep studied by Rolhiin (19359)
who obosrved mexima of come of the resonmnee iines of mereury vepour by &pplying &
longitudinal magnetic field. Kulkarni (1944) studied dischavges in some genes,
inelwding some roye géeea in a {rongvorse maznetic fleld and foumd thot the
intensity of mmofthe linos chows o maxiom ot different megnetic field in*?;@mity
and the megoetic Ticld at which the ma;ima ooours ﬁeﬁsemﬁa upen the wavelength end
the presemce of the forelgn e, Ho mathern tical theory was however prescnted to
axplain quantitatively the cbmerved experimensal resultss Tough the factors which

contyibute to the 1ine intenaity in a glow dizcharge have bcen identifiedy yot ™0
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systematic theory hes so far been developod to explain bow the intensity will
change _when the pressure or the tube current changos or am external perturbing
foreo is supsrinpoesd wpon the glow dischorge. The nature of the exsiting field
to produce the glow discharge hae also not been investigated systematically . ‘
Beck (1935) however in e point to point comparison found steady glow dlscharge
1n moroury indiétinguieheble from a 100 Us/ese diccharge ond the nature of the
radiation property vas aléa foubﬁ ok :lden'tiéal.

In view of the above conslideration 4% heg boen deoclded to study the
intemsity offiines in glow discharge in various goses when the exoiting field is
sither a doC. sowrce or o Hadiofrequsmey one. Thefinfluence of a troneverce
magretic field on the intenmeity of the lines will be studied and an a"é%émp‘zs
will be made to develop & theory which can explain the ‘experimontal cbeervations
e gtudy is imbortgnt ot only to explain how exiernsl periturbing foreccs
affect the fastors contributing o intensity %gut will adzo help in botier
mﬂéatammg of the procesces involved in the emission ad zbmrptmn of
speatral lgnaé,,, |

In the present scheme of work, the ebove problens will be studied
experivontally and attempt will be mode ﬁt:aa edvance theories which can
explain the observed experimentsl focis. The aubéeef; of Elestricsl ddscherae
phencmena is recelving more attention now & dayes becouse of the avadlability
of new experimental techniques with whie&‘; it conle investigated and almo

because it provides basic dates for the soience of Plasma Phyeicss |
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_ SUMMARY OF THE PRESBNL WORE,
A, DIELECTRIC BREAKDOWN OF GASES BY RADIOFREQUINCY UNIFORM rmm(m‘ﬁ&m@)

(o) WITHOU? SUPERIMPOSED MAGNETIC PIDID (p) WITH NOB-RESONANY EXTERNAL
d.co MAGHETIC FIEID TRANVERSE 10 BISCTRIC FIZLD.

Ths work has been dome in two pm-ts ot two different pressuve ranges amd
with different geses as dleleotric medivme In the first part mecsurements of
breakdomm volmges have been garrisd out in mulecular in gnsce such ag -
kmfdmg;on. a:l.r, cz;-/gen and cerborfii-oxide at pressures varying from 1 meme 10 6 mem.
of memuryg %hﬂer the em:!.tation of a radiotrequsmy voltage of frmmmy 176 Yo/cec,
The iength of the diecharge tube ie 0s4 cmo and redius 1.4 om, Meaeurements
h'-ve been taken in precence of a ;&ransverae magmt:-.c field varying from
zero to 1800 gausce It has boen observed that 4f ( E/P ) 18 plotted against
" f’/\ " where "BY ig the dreakdowm voltage per omey "PY the pmaam'ami
" A % the diffusion length, then ( l:—-/ P ) gradually decreases with increcsing
valves of " PA " for all the gases studied. The sxperinental conditions ‘v
indicate that electrons are lost by diffusion and the results have been
aought to be explatned by the theories of Herlin and brown (1947) and
Kihara (1952) after modification dve to the efchts produced by electron
attachment and mogne tie field. Tha theoreticel exprecsions thus deduced can
explain the obsazved results quantitatively for low values of megnetic field emd
hﬂ.@l pressure and the expressions defuced fwom Herlin end Brown's theory
are in befter agreensnt with expeyimental results than those deduced froa
Kihara's theory. At higher magmetic fielde there 1s divergence between the
theoreticnl and expérimental repults which has been atiributied to the
inadequoy of the equivelent pressure concept at high (H/e ) vélma whera I ig
the megnetic field and aleo to the wwertalnity in thdvalues of moleculer
eonatm to introduced by Kihara in hie theory.
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In the secomd part of the work, the preéaum ranaa ldes be,ﬁ'ean e fow
micions to 15 mme 0f mercury and some rare gases eucix es heliun, neon nnd argon
have bcen used, Steady dGeCe no.@euo field plwud tr@veme to high m@m:icy
-lectrio field ( frequency lies betmen 4 ¥o/mc to 12 ¥e/sec ) is varied
from ux-o ) 120 gousse The discharge tuba 1¢ngth is 10 cme and tha radius of the
olootrodo 18 5 cn. The bmahlm 'volta;l haa been found t0 be grcater than
when no nagmtie field ie present for all values of pressure and the proaaure
at which the breakdown voltage becoma minimum :moreasea ws.th the morean of
the na@netic ﬁ.em. The oxpcrmntal rouults indicate that tho najor difhmion
and nobnity losses ke place along the axis u which the electric field u |
applied. Tho thcory of Xihara (1992) ngarding the breakiown of & gas when
1t is excited by radiomqmmy voltegb asoribed the loas of electrons to
diffusion and nobility and ‘Sen and Groeh (1963) modified thie theory by
“thn mmdmtion of the effectn dun tn the magnetic ﬁeld and deduced & new | .
cxprean:lon ibr tha brelndown volta@a am! also the pressure at wmoh the break=
?down 'mltago becomec minimn. This work has been mdertakon 10 supplement
'bhc veriﬁcation of this thoery and extend 1t to tha case of vare gases
under unntical conditions of breakdown 1n 8 nonresonsnt trcasverse magnetic
ﬁ.eld. In order to confora with tho expsrimental set up, three dmmsinnal
mamnt or the problen ba. been cerr!.ed out but 1t is obsemd thut one
d:menlional treatnent shows botter agreement witb the - expor!mental ruultu;

'me diwrtpbmy with'the experimentedl reeults for higher values. of maamt:lc
ﬁold hae been attributed to the 1dent1eal causes &s in the earuar ezpement.

-30,, DIEIEG"'RIC BRbAKIXJ\‘JB OP GASES. BY BADIOFREQUEK}Y EI&'G"‘RZG FIEH) IN "‘HE
' PRESEH"E QF PARAIJE’L SUPFRINPOSED Q.c, FIhI-D. '

'Results of high froguency (10 Ho/aca,x) breakdown voltage w:.f.h superimposed
‘4404 eleotric field have been obtained/\hcnm, neon argon and the moleouler
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gas oxygen, keeping the prescure of the gas constant st 10mms 0f merourys

The veriation of spplied d.ce volinge along the length of the tube is from
zero volts/em to 70 volts/om o It 1o found in all the cases studied that the
high mqmnéy breskiom voltoge 18 highér when both the fields are preassnt
than when the gases are excited by the rodiofrequensy field slone and the
breakdown voltage gradually ;hc:ema with the increase of the applied d.c.
fields The varistion of breakdown field with dece Tisld 18 0f the some .nature
in a1l of the gases stulied. A theoretical expression for the breakiown
voltage in premsmce of both Pefe 54 decs f101ds has been deduced from the
theory of electrionl diechsrge by Kihave (1952) together with the éxpmasion
of equivalent longth as deduced by Varncxin and Brown (1550), The theoretioal
expression could not explain satisfactorily the experimental results, epd the
rate of rise of breakiown voltage in the d.ca Tield e obtaired frem theory is |
saller than that obtained from the experimental results. The discrepancy has
been mz*ibgd partly to the wcertainity in the valuas of the nmeri«;al
constants introdused by Kihara (1952) and also to the increcse of diffusion
caused by '"-:m precemnge of pomtive.ions-a fagtor which has not been taken At
consideration in this treatmente. 4 _

This work has been further extended by measuring the brealdown voltage in
moleculer gy like adry lwdrogen,,_} oxygen and carbonii-oxide at diffevent
pressures with the dece field u&pawing from gero to 240 volte/ome Idke zthe
earlier part of this work, here elpo it is found that the broa:nﬂawn voltago
imcreases when decs field i small and when the fisld :lo further mremd
it shows a mu:imm and tzhm gradualay £alls for all the gasen atuﬂied,, the
nximn occw.-ing at a QQCQ voltege wahich is different for differont gasos
and io also difforent for dif!emnt pz*eeauma. It hap boen shown that, v&wn
the dege tield is omall, the dominant factor ie the loss of electrons by
diffusion as well as by mobllity which causes the b;eakdm vcltage td.
Ancreasd’, but whon the dsce £1614-1s increased,. contribution due o dats

B
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dordsation has also 0 be token into concideration. This dec. 3.onisatian

a cozxtributes to total ianimtion and oauaemdecmaae in the radiofrequenty
voltage necessary for breskicw:ie A mathematicel expression hos been dedweed
which explains satisfactorily thé cbserved experimental resuliss In the
exprespion deduced the effect of secondary ionisation as well es that of electron

sttachment have been token into considerations

Ce Hﬁi‘i PRESSURE BRUAKDOWR IN GASHE IN A UNIFCRM HIGH FREGURNCY BILECTRIC TILLD
(1) VITHOUT MAGNETIC FIELD (11) WIsH A STRADY TRANSVERSE WACNETIC FICLD.
Dielectric broskdown of 2ir under the estion of & high frequenny wniforn .
elestric £1c14 has boenetvdied at o pmseu'm‘of 1e5 M of mercury in three
cylindrical discherge tubes of length 5 omy Tem ond 15 an {Glometer = 3.5 em
‘ench tuba ) with externcl olectrodes. Simce at this low proscure range, the
starting voltage should be independent of the nsture of the gas, B0 storting
voltoges for air and hydrogen hove baen obtained in the same discharge tube
(length = 15 em) o The expiting frequency range is limited by the oseillator
voltage outputs The breskdcwm wolinge against frecuency of the applied field
curve ‘!l'hma identical netwre for both sir and hydrogen. The breakdown veltoges
8t different frequencies are obtalned for other two discherge tubes amd
rosults obtained are eommma with these of the provious workerses It is found
that the breskdown voltage, 19 higher in tubes of shorter lengih and the
cut=off wavelength incresses with the length of the discharge tubs. A new velue
of the conatant appesring in the Qut=off law ispbtained empiriea:tiy which is
found 1o satiefy the exporimental resul?s for cylindricel discherge Subes of
length larger thon 2 cme Tha bma!ﬁiom wnder the pregent gzpeﬂme_m’aal set up
is due 1o secondery elwtzon;eéame. and following th@ 'ﬁhworg of Gill and
Von Enzel (1548 ), Hateh end 711liems (19544 1958 ) the phese angls $ end the
émﬁc energy of the oseillating electron at the opposite Aem have been

ealculated whieh ere in egreement with resulis abtainea péeviduelsq,.
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Starting potentials are alwso measured in presence of a siealdy trensverse
magnetic fleld varying from 18 gauss to 45 ‘gam in the dischorge tubs of
length S om. only and in the frequency range permitted by output voltege
limitation of the oscilletor. It 16 observed that in presence of stesdy
transverge msgnetic field the brealdown voltage as well as thé cut=of?
wavelength increose with the magnetic field. The thadry of breckdown in
precance of stsady megnetic field has been developed following Deb and
Gowmeat ( 196 4 ) and the effect of the angle of arrival at the end wall
on the breckdown mechanism hag been considered. The cbservations with magnetic
field and the subssquent fitting of these observations with the theory have
yielded the values of the phese angle and the effective kinetic emergy of the
arrival of the electron with faixr amount of ascuwracy speoislly for magzzet;tc
fields smaller than 30 gausa,” The probability of electrons colliding with' the
side walls has been coneidered and it has been shown that unler the pz:gmét
- experimental aatup najor;it,i of electrons with energy sufficient to cause
breckdown ere freely tramitﬁd between the wo ends of the discharge tube.
The validity of the a:.mpnm Vaaamptionl mede in the theory Las been

dlocussed.

b+ VARIA'“IOH OP LIGHT INTENSITY 0P GIOW nmmaw IN YRARSVERSE STRADY
MAGNETIC FIELD.

The intensity of light from the glow discharge colimns of rare gases like
neon, argon and helium excited by a mifom rediofrequency electric field
has been studied when the columms are placad in a steady magnotie Tield,
transverss to high frequency eleciric field. The pregsure of the zas was fixed
at 10 ms of ~mmu1£y.» The totsl :mtenn'ity of the vipible :u.ght.* &8 meagpured
by & photo voltaic surface placed arbitrarny at any ponition mar the columns
shows a steaﬂg 1mmaso with the mcreale of the magxet:tc ﬁeld., The observations
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were 1imited by the meximum vslue of magnetic field ( 2000 gauwes ) as the
present setup eculd '_not supply himr mamuo fisld. Bpectra have alaso been
photographed for these tﬁms gases ot diffavent magnetic ﬂ'eids and the |
intenaity profiles of the spectral 1ines have been obtained, The profiles
elearly indicate that the overell imcrease of total intensity of radiaiion 1is
alwaye assoclated with it the increase of intensities of all the spectral lines.
The lines show inoresse of intensity at different vote 1.e. the intensity of
soze of the limes of the column are not seriously effected by the preﬁemn
of tranﬁém nzgmetic field. However in the present setup no detadled
obpexrvation wﬁh.um spectra 1o madé and 0 no Quantitative approsch hes been
u@.‘do for explaining the phencmenon. Assuming that the total inteneity of
radiation is proportional to the totsl production ratf of exclited levels of
atoms, an expresaion for the inteneity of radistion has been obtained. The
effect of magnotie field on the intensity hos besn introdwed through the
squivalent pressure concept of Belevin and Hayden ( 1952 ) and the vmauon
of different pavaneters in the ebove exprecaion that ave known to be effected
in presence of transverse magnetic Ifield sre eonlidaréd. An exprossion for
Tn/y,  1e obtained where 1, i» the total intensity of raitation in
procence of transverse megnetic field snd l,4s that without magnetic field.
The theoreticsl results agree quite satiafactorily with the experinentelly
ol;tained em& o I, /I° against the magnetic field for all the three gzases
atudied. The deviation of the Mmﬁcal values from ozperimhtal results
at vcry high magnetic field has baen attributed to the failure of equivalent
preseure concept at high values of ( H / P ) where P is the prossure of the gas.
The uncertainities in the valuom of the ﬂit‘femnt paremeters contributed to.a
gertain extent towards the ldmitatfon in the sgreement between theoretical
and oxpertnental values, A brosd field of future work hes been pointed outs
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