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SCOPE liND OBcl'ECT , OF !l'!iB PimSEJJ'l! WOiX 

!bouab tbt Ya:"ioUII •peota of tbe phe1'.10Mna ot elaotrtoal dieabrJrge baft 

lllen expl.t!d.ned by tbl eSbiettng theoriee tlwre are certB1n probl.eJq which require 

11101"8 emU.ttve theoretical ml4 ezper~ntal truwnt and the present work 

unter:takea to im'eetie;ate some of then probte.• 

(a) ImEAKOOW!l OP OASES B'f A . RADIOFREQUENOY IWJJTRIC FIELD. 

'l'be cond1 tion tor the breakdown of a gee em1te4 b~ high tnq•ncy 

electromagnetic wavee · c1epeme ~ upon :tao tore such. ae the pressure of the su, 
the dimenaion of tbe di00harat t\W. .IU)d tbe frequency of emitation. ~ -c.o 

. -
ct~ent foe tore by which electrona are loet ant dU:fuaion end zmb:1.11 v ana 1t 

the gae 1e an elaotron attaclW:Jg om, then by electron attaobzMn.t aleo. b 

·eleotro.ruJ &1'8 ~ to be prodt&!ed ma:tn:q b,y 1omsat1on co1Ur;1on. Bua4 on 
. . g 

tbeoe · ue'&llpUone Uerlin & ~ ( 1941) 4ewlope4 the theo17 ot high tftq,.DC7 

breekdowza where the dc:llinent oauae tor electron :&'eJIOVal prooees 1e 41ttua1on. 

Stu-tins frca a IIOloCular model end aBetiDinS Std. table Cl:'08888Ct10U tor 

1oD1at1on Erl4 eMC11at1on p:roceaeee X1bara (1952) baa developed a phenomeDOloatoal: 
'• 

theory of eliotriaai 4ucharge phoDDe-. tn hi~ tbeo:ey he baa MB\1184 both ditfu-

eS.on aDd a:;obiU:tq ae electron\liiiDOVal prOoe•eee. In ~rder· w ucertain "bieh 

proeeus ie 401111Dent umer certain condi tiOM aa tbe oauee of electron removing 

procesa it 18 naoeaf'ia17 to Oe.l".ey out exper1menta w1 tb disCharge . tubes of 

cU.tterttnt cUmena1one and the preaeure vaeying w1 tb1n wide 11111 te. Conaequent~ 
' ,, 

breakdown esperJMnte have been perfozmed w1 tb diecharge tubea of different 

dilleneiona whih the preeeure ia ~ed ~ a ttw microna of Hg. w a tn 

lld.l.ltmetera ot Hg. and W1 tb different trequenc1ee of emi tation. It Will alSO be 

ot 11\tereet to eee whether the experimentalr eaul:t. can be ex;plaimcl _by l':l.hara •a 

tbeo17 because· no eyeteme.tic experimental ver.t.fioat:lon of the theory hne eo tar 
'·' 

•en'c&l'fted out~. Electron attac!Jm,ent ie al.eo anotbtn.:. pl'Ocees by Which electrone 

are loat 1ft electron &ttoobiDg gesea and thia t:8Ctcr hae to be_1ncorJ)orate4 1n the 

svmral. equation ot breakdown~. Attulpt W1U • made to take into Qoneideration the 



mdif:led i:Jleo:ey • 

T1w breakdown of a gas e~1 ted.· by a radio:f'roquenoy vol taga in :preoeme o:f & 

trmwv~n:'SEI mgnetic :field baa beol) studied by p!'!W'loue wor~rs and theoretical 

intorpreta.tion of the e:~;.'j)er:im.'lntal l'OE>\.\l:ta ·hrus been advanced. roth long! tu!liml 
,-( 

mad ~e1•ae m~ tic fielda tmve been used sm ti)3 f:reque~y of e:-mi -tation SD:t 

the vaJ:w{of the magnetic field. haVe been adjusted in sueh e. way t.1-tat the relation 

W = £ H/m C 1e satisfied where w :t.e the :t.raquemy of the applied field 

and e 'Hfmc. is the oyolo~n fn)qooncye It will be of interest to eee how fue 

breakdown wltaee as well as the p:roseure at which the breakdown voltage­

bi!oomee a minim'liD change wlwn the magnetic field ia tar removed fl"'O!Il t..'le 

reeorwnce valUGti 1be procedu.-re to edopt in auoh a. case is ·to mo~i:ty t}l..o 

breakdown equation taking in·to ooeount ·too effect o:f mgaetic fielde It is 

proposed to~ out smh caloul.a"tion in· case of oot.'lt Brown's mld K:lhara. 's thaoey 

and verify tlw ~o:rotioal deductions with the experimental observations. This 

s·tudy ie expected to &"ive ~ infoma:Uon regaJ.'U~ the interaction of the 

mr::sgnet:!.c field m:tb ionised gooeo. 

(b) GAS :am;AKDOVm IN A RADIOFR't~QUEHCY l?IEW IN YrlmmrroE Ol? 

A SUP.ElWII''OSED D.C.. FI:t:w. 

It wee obee~d by Vt9:role. ( 1947) and Kirchner ( 1947) that .the breakdown 

z)otential ot a I!PB end. tod. by a radiof:requenoy fleld 1ncreooed when a d.c. field 

1e euperimpoeed across the discharge tube•· It we.e expected however that the 

preoonee of the d.c. field would hasten icrd.mticn and a analler brGru:tdown 

voltage would be neceesar,v, but the :reaul'OO we~ contrary to \fb.at was ozpeotAtd •.. 

Val'!'Aarin and Drown ( 1950) oa]pulated theoretiaal.l¥ the distribution 1'unotton ot 

eleotroM :1.!1 en ionised gas in presence of both l'adiotrequenoy and d.Q. :fields 

and they suggested that t>Jhen the radiofrequenay field is ol'lly present, the 
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'It . 
; electl'oM aitl loat mainl;r btt Mftueion but wh0n in addition a d.c. field 111!1 

applied the electrons ar& lbmt by roob111ti alsO.. tie imreaoo in lose can lxn 

compeneated by the 1!¥:rease in generation of electrons and coneequentl¥ · t.l1e 

va.lue of the radiofrequancy breakdown voltage increoscl!lca h theory was verified 
\Jo..-y.,e·n'rrt ~~ -:: 
bJ"~n (1950) 1n esse of m.Xi' at a p:mssure 38 mn. of Hgo where a d.co field 

up to 200 vol te/cm wee e.pp11t";~~ No syetsmo.tic at~ ot t..~ breakdown of gaaee 

UDde:t the &imulteneous action of the a.o. and d.c. fiolds have eo far been 
,' : 

made em it ie expected tlmt this etudy will 'tl'!rm1 more light in 'the mechanism 

of breakdown. Aa IW1s.ra' a theo:ey ( 1952) ie a (5GMral one :1. t will b~ 1ntereet1Ds 

to sele how the tmor,y can be furthor modified by taking into consideration the 

1nereasod loss doo to mobility and ro cor~bora.te it with the timings of the 

~ ~ . ) 
exPSrimental :r®aulta~ Further Vt'!m(l..t•in end ·lirown (1950 in dedtllit$ their 

theoey onl3 cona1dert'Jd the effects .of imrcas~d losa due to mobili'&J ~ 

diffusion but die! not take into account the ~ntribution mate by increased 

ionisation dw to d~o· fieldr Th.te factor ftia.Y be small when tOO applied doco 

field ie emall but it bas to be tun into comd.derat1on when the d.o. field 

beeomee comparable vdth the. rad1o:trequency voltage applied.; Consc(luent:W the 

general the~oey baa to b! modified by taking into consideration this 1noreaee in 

the electron generation process W'ld it ia expeoted that at a certain value of 

the dctOCl :tield the breakdown voltage w!ll ahow a mmrfmmt and with the further 
' - ·. . ' ' 

1norease of the ·applied d._co~ltage",)·the. :redio~qwanc1 breakdown voltage wiU 

ahow a decrease, because at higher cl.oo:· voltages ionization by i.he. d.c.': field 

will be coOOiderable. -The object of· thi~ part of the work is th"WJ tO eee Whether 

the breokdovm tmel'JODlena wili tollow thio prooess and whetlmr the experimental 
1' 

reeul.ts ~eo. vJtfu the theory develoPed~~, The lil_tudy ot the etfaot ot attachment 1n 
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l'be tbeol':f _ot ·MCbant.iml ot breakdown ot a iaa at preeauree leee than a ftw 

microna and eliOt ted b7 a :ra4:1.otnquemy :tield baa been provided b1 GiU $114 

Vo11 Engel (1948) aDI! Hatoh end W11111U (19S3t 1954) •. It bu DOW beers e•tabU.abl4 
. " 

-that breakdown ie oaueed bJ the iDc)!'llaee ot eleotron tv the l'Gsonence Qf 

aooorda:( electl'oM Wi~ tbe electr:f.o t.t.elde A tft eleotrona pteaent 1D1tiall3' 

by m tural causes were .aooeleratecl ~ one end eieetrode WMie they produced 

8800D:lar,Y electrona b7 1mpaot.· 'lbeee eecoDdariee waere emitted 1ft a :Nft!'M 

electric field which Carried them to the oppc)Si te eleotrocle in &pproxillatel¥ 

half a cyolo to produce another group of HOO!¥ler.l.ea. If aooalt47 em.eeion 

Jield :I.e greater than unity)el.eotrons are aultiplied to a ft%7 large quanttv 

in a veey ehort duration and thte J"Oaulta 1n a breakdown ot the gee. Hatch ana 
W1Uien extemed the boey by asou.u1rJg b1Pr aodee beeldea the. conventional 

half cycle om.~ IJ.Ibe tbtto17 ot Gill aDd Voa Engel pJ*liOte mill cut ott lair 
. ' 

:relatir:tg out ~fi frequii!3CJ and electrode •pare.Uo~· !lbongh tM abcrve theori 

·oan esplain Jll08~ ot the experimental . obaerrationa, 1 t is wOrth while to 
,, 

in're&'tlf?P'te B~Xf18 ot the consequencea ot the theory with rega.Td to variatiOn ot 

•tarting wlta8e am the out o-rf trequt1107 w1 tb the lensth or the d1soharp tube. 

'lbe •fteot ot auper :lmpoaing an ext.mel. field upon th1a 1J.Ype ot dieoharp 
. . 

wae tnveet1gete4 .bJI'o•ae1 and Xreba: ·(1954) but no que.ut1tative explanation ot 

the obeei"ftd reeultll waa px'o'Yided.~:· It hM been found that wpertmpoaiDg a 4e_Oe 

field parallel to' h1sh fl'oquenc, t:Leld ata'l'ting can be made more 41tf10ult. 

A em1l •tatio magmtic :fieid pel"J)eJltiioular to higb trequena7 electric field 

C&Wiea a teneral inareaae lntnalrdown potential mJ4 a loweriDg o't the ~ut ott , 

treq•ncy Witbo\tt~ ohangirig tbe !Wlttrre of tbe :( f -"A ·) cum where E 1a the 

•tart~ field run 1'- te ~ waft1enst!1 of the radi()frequamy Aeld~: Deb aD!l' 
~ . ' -~~ ,, ~ 

Goewllftl ( 1964) Mde a theoretical appro~h 1D the problem when a at.edy mgnetic 

tield 111 plme4 pe:rpendioulllr to the hlgb 1-z..equency · field•: . ·. . . :·'"\.• 
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1o f13Stemat1c obae"ation of tl1e phenr.,mem of the seooa\r!l'y electron 

resoname under the action of an extsmal mognetie field has eo far been uotertote& 

The objeot of tllie pe.rt of 1nveet1gation :ta to study tho effect of a t~rse 

magmi;ie :field on tJte brea!«lam potential 1n d1oohnrgee controlled by the 

phonomaM of eeeomr::Jry electron resonance a0t aJ.eo the Gt£eot it prod"OOeO Oft tht:l 

cut off :trequenoy~ It is evident that the theory ot tha provious wol'kere boo to 

be modified to toke in.:to consideration the effects produced by the mflgllOtiO 

field end it ie presl.lll9d toot these 1nvost1g-ntione may throW some light on the 

meohaniool of tn1Ch disc:hare.e• 

'lhe radiation p:ropertw of glow diechll'I'~S excited by d.c. eleo·tric field ba8 

been stOOied preViousl,y ruld the different processes coniributine ·oo the in .. .oenetty 

have be~n ~entif"J.ed~ Rosaler and SClwnherr ( 1938) i&mtitied both pl"!et31ll'e 9nd 
'·otlrrent dependent losses ot the radita:tion ot ilg. ( 6 3 ~ - 61 So ) sal 

attr:lbuted ·them to the eollleione of the aecolXl k11ld wi·tll mutrale and electrcma:. 

reepaativol;r. Fowler em Dutfcndeck (1949) four¥1 ·the depememe of the in:tenei'!W ot 

apeo·&ral lineo upon tho tUbe cw."l'ent e.m obSelWd that the variation is limar 

w:L ~ tb9 experimental e~r tor all vpes of t'.t'ansi tione Ql7d (;'I'W:'!' a oU!'rent 

rene;e ot half a milu.Bl.'lJ)~to· om hwlii~d mill1 001pero •· T'ae e:tfoot of an e~wmal 

magnetic field on~ 1ntenaity of glow discharge wao studied by Rokbl:in {1939) 

Who ObElGJ.'tfed maxima Of aome ot the resonance J.1.nes of mercury vapour by &pp:ey1rla a 

·long1 tud1ool me.gootic fieldo, Kulkll.t·n1 ( 1944) atuiliEd d:i.scbargea in some gases. 

includit:~~feome :rare JJaeea in a i•-raneve:t·ae magnetic field and i'ound that tm 
4 . . 

intensity of oome.d; .. 'te 11ms shows a maxtmun ut different mgnetic f'ielii intensity 
,, ;It 

and tho mgnetic field at wbioh the ma~ima oocUX'I'S tletJende U!:On the wavelength end 

the preeetne of the foreign gall•,: No mathmmt1cal theocy woo howe-v-er present(ld to 

etxplain quantitatively b ob"e~d e~rlment.ai restiltsl!' Though tho tootom which 

cor.r1a'ibu-m to the lina :!ntan.sity in a glow d~:r~Qharge haw been iden.tif'iedJ yat m 



chtll'Jge when 't;ha pressure or the tuba cu."!:Tf!nt ehetlo~e or an extemal pertur'bing 

torce is euptJ:t"impoee~ upon the glmv d:tech.,-;;rge;~ lbe ootw'e of tbe ami t1ng f:tel4 

to produce the glow dit;roharge hae also mt been investigated eyetema.tioal~ • 

Beck (1935) however tn 'b POint to point cmnpar1c;on fbtmd steelly glow diocharge. 

in mercury 1nd1et1rlguishable froo.t a 100 WJ/aee discharge anl the nature ot the 

radiation proper-ey \YSS aleo :found to b3 identical. 

In vie-R ot the above ooMideration it has been decided to ettdy the 

tnteui tt ot/JJ.nee in glow dieebargo in varioUG g!leea when the ay..o1 t1ng'~ ft,old 1a 

either a doCQ eouroe or a Hadio:f'reqoomy onae Th~luenoe ~f o. ·t:rDnsve:rne. 

magmt1o field on the inteui ty of the lmoa v.'ill be s'ti'OO:ted tmd an attempt 

w111 be made to clevalop a theory Which can explain the e:tper:i.mZJntol obea:tVation. 

'l"M st"~ :I.e important not onl,.y to explain how extemal perturld.ng foroee 

atf'oot the factore contributing w .intenrd ty but Will ~ help 1n better 

urd.fi.atanding ot t..Jw prooesmes involved in the emitJsion ant\ '$tuMorpt1on ot 

epectral l1nge~, 

In the p:oos_ent eeheme of work~ the r.:bove problsm.s will be studied 

exp2r:!.I:oontal:cy and attflmpt will be t!100.e j'to. edvance tbeortes which can 

@lq)ltatn the observed experimental ~c.cte~, The subject of Eleetriosl d:tsohar{Lf]l 

phemomena illll l.'<!Ce:f.v:tng DYJ:re attention now a. cieya btlCm.wo of the evailabiU ty 

o:f new experimental teabniquee with which it otm m in-.-eetisated and aleiQ 

becauee it providee ba81c da-tas for the seieooe ot PJ.oana Phyeice~ 
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A. DIELmi'RIO BREAKDOWII OF. GASES BY RADIOFBEQUENCY UNIFORM J'mu(ELm~ICAL) 
. (a) WITHOU'.r SUPERIW?OSED Mo\GNET!O FIELD (b) WITH NOll-llliSONAIU EX~EmlA'L 

d.c. YAGNEfiO FIELD 'l.RMNBRSE 1U ELt01"1UO FIELD• 

The work ha8 been done in two parts at two ditfe:rent preastn"8 ransee eDt 

With dit:terent gewee ae Cl1electr1c med1ua. I!'.\ the t1mt pnrt meaeu:remente of 

breakdown voltegee have been Onrr.l$4 .out in .moleculo:r ift gases ·suoh aa · 
• 1' . ' '. 

hydrogen, air, 02YSGll and carboqu-oxide at preseuree varying frca 1 m.m. to 6 DML 

it-
of me:mury; 14n'ler Ute emitation. ot a rt3diotrequsmy voltage of :t'r6qU9noy 17.6 Plc/E'YIC. 

1b<!l ~ength ot the d:l.echerge. tube is 0.4 cmo end reditUJ 1.4 em. YeaeurementB 
t 

have been taken in preaence of a ;tiramwerse m~tio field varying frcm 

F.ero to 1800 gause •. It has been . obse:t'fed that if ( E I P ) ie plotted aga.tnet 

n p 1\ " where "E" is the brea!qiown YOl tae,>e. per om.~ n p n the preeeure am 

" 1\ " the cli:fftmion length, then ( E fp ) gredua1J3 deoreeaee w1 th increasing 

values of " P 1\ " tor all tll\9 gases stuaiedo The e~r:!.mental. ooncli t1ons 

1D11cate that ~!lootroi'AO are lost by d1tfu81on and the results have been 
s 

sought to be explained by the theod,ee of Berlin ani 11rown ( 1941) ao.t 

Kibara ( 1952) after silOdification 4W, to. the effecrte produoed by electron 

e.t·tachment and magnetic field. Tho theoretioal expresnione thus dedooed can 

explain the obsexved resulta quantitative~ for low values ot m.ugnetic field ani 

h1f#l pressure am the e,Xpl'eBfi!iOHS deduced from Tterlin BDi Brown's theoey-

are in better agreem.ent with experimental results than those deduced :f'ral1 

Kihara 'a theory. At higher megnetio fields there is divergenoe between the 

theoretical am experimental results which l'l.ae been attributted to the 

imdeqwy ot the equivalent preseure oonoept st high ( H/p ) valuaiJ where n ie 

the mrilglletio field D1ri alao to the uncertSini ty 1n the\v'alues o't moleculer 

constants introduced by Kiha.m in hie theo~. 

' .:... 



· · In the eeoor.ld part ot the work, the. preoaure range lios be:tM'sen • tew 
' . 

lliCrtma to 1.5 lllll• Of meroury and some mft 88118B IJUCh M hel11Dt neon and arson 
' ' \ 

han been uaed.- Ste~·d.o. aagnetio field placed tretMYeroe to high frequency 

electric .field ( frequency 11ea between 4 llo/eec to 12 Mc/eeo ) ie ftrie4 . . 

:traa ~ro to 120 gauu. The discharge tube le~ S.. 10 em. and the radiue of 'tbe. 
~ . ...' 

electrode 18 5 ~: Tba breektOWD YOl'tap ht\8 bee~ found to be srttater thaD 
' \, ' 

1 \ \ 

wben no aagnetio field· 1e present for all value• ot preseure ard the preeeuro .; 

at which the breakdown voltage becomee llin:lmta 1aoreuee with the :inaroaee of . .. 
the magnetic field~. !1111 expermental re.,ulte l!ldico.te that the ·a3or c1iffua1Qn 

"'V . 

ard mobility lo••• take place along the axle 1; whioh the eleotr:Lo field 1a 
' ' ' 

applied. 'rho theory ot 1Wlar& ( 1952) ngartUns the broakdown ot a gu when 

:1. t :1.~ emi ted by radio:trequemy '¥'01 tap, uoribed the lose ot electrons to 
' . ' 

dittt.ion and ao~111 ty ~ Sen aDd Ghoah ( 1$6') aodified tble theor.r b7 

the :l.ntroduotion of the e:tfeota dw. to the magnetic field and deduced a new . 

expzeeaion :fbr the breJa!own voltS@~ am aiso the preaeure at whioh the break• 

down TOltase becomoe mt.n1m1.11~: This work haiJ . been 'ID!ertaan to eupplement 

the ver1f1oat1on of tbie tbfJory and extend 1 t. to the caee of rare guea 

under ilenticsl com1 tiona of breakdown 1n a DODl"ttSonsftt trc.tWYe~ aasnetic 

~eld. In order to conform with the experimental eet up•: three .M.MM1oD81 
·. ,', ' 

treatment of the problem bu been cerried out but 1 t .to obeemd that one 
' ; 

41menl!1onal treatment abowa better agl'eement W1 th b.· experimental reaUltiJ~ 
t- 0:. ' 

'l'be. d1eortwncy With· the ezper1mentet zreeulte tor hipr value a . ot magnetic 

fiol4 has been attributed to the 1dent1~ caun• aa 1n the ~~lier e2;per111lent. 
' '·''( :,' l, 

:~'!,: DIElECTRIC l:lilBAKIXlWS oP GASEs. m BAl>:lO~"'QU"SNCY. :EUIDT~c FIBL1) I!f 9 
.PRESE!iOE OF .PARAIJG. suPERDIPOSED a.o~ 'p:i:sm ... 

--, .. . \• 

. Be•ulte ot h1sh frequency (1p Me/sec~;.) ,bre~OWD ~ltage with euper111pose'4 
. -for 

4.o •. elootrio t1eld haYe been ot>tat.nec!Ahe.lt~~~.·Diecn, 81'8011 BD!1 th•.IIOleouler 
. ' . ···.-.',• . ' . . ' 

' ' ' ' . '''I '".' 
.'· . 

'\ .. :·· . 



saa OJ;.Ysen, keeping the pressure of tb!!l gaa aouatant e.t 1Qmu of llet'O\a'1• 

h Y81'1at1on ot applied d.o. Yoltage alon,g the length ot the tube ie b'ca 

sero volta/em to 70 volte/oa · •. It 1e foUD.'l tn aU the oaeee studied that the 

b1&b tnqw.ncy breakdown vol 't860 ·18 higher "hen both the :t1e14e at"8 preaent 

'than when the po~e are exo1 ted b7 the radiob'9q•noy tield alOne mil the 

breakdown voltage grsduall7 incnsaee witll the :1Dcreue ot the applied 4.o. 

field. 'l'he variation of breakdown field with tt.~. t1e1cl :I.e ot the oan. nature 

in &11 ot th£l sues etudtect. A theontical ez;preaa1on tor the· breakdown 

Yoltsge in pre~~eree of both r.f. and d~c. fielue baa been deduced~ b 

theOl7 ot eleetrioal. diecharge by ~ ( 1952) together with 1he e:cp:reBGiOD 

ot eqtd.valent length ea dedWJe4 b7 Varnerin end :9rolm ( 1950 ). IJ.Ihe tbeoret1oa1 

.•~reeaion could aot esplain eatletactori]3 tbe e:xper:J.mentalt'esulta, an! the 

rate of rille of breakdown voltage in the d.c. field aa obtai.md fl"Cll theory ta 

emaller than that obtained traa 1be experimental reault.. The diacrepauc7 baa 

been &lt0r1bed ,psrt)3 to tbe umertai.ni ty 1n the valt¥ta ot. tbe maerical 

conetante 1ntroduc8d b7 ·Xihara (1952) and alao to tba irlcreau ot ·diffusion 

caused by · 1he pneeme ot poei tive iono-a too tor which hae not been taken M--t· 

coMideration 1n tbio treatlnent •. ~.· 

tis work has been furtber •atenied bJ119as~ the breakdavn wltage in 

molecu113r guee like air,. hydrogen,· o~gon aDd o~~:l14e at 41tferent 
~ . 

preaiSUl'eD w1tll the d.c. field ~e:eying frail sero to 240 'Volte/am. Id.b the 

earlier part of tbia work, here elao .tt ia tol.D'l that the bre~awn voltagt~ 

imreuea when 4 •. c. field 1o call au;t when 'the field· is· :turther tmreQed 
. . 

it showa a .maxtmtm ond then ~adual:Jy .:f'alle tor all the, saaee studied,. the 

au'MlD OCCurirlg Ot & cl.e.C~ voltage Wh10b iB different fOr cUfterent guea 

and :te also different :tor Mtte:rent p:reasureo• It ha8 been shown· that, when 

the d.,o •.. tiel4 1• araall~\ 'the dCIId.nsnt :raotor :I.e the loae of eleotrona 1q 

41ttuaicn u well u by mobil1 tq Which cal.U!IEI8 the breakd0tf11 vol ta&e to 
in:J'eaJ, but when the d.c •. field·· ie iDcreaaelt' oontJ4bu:t1on due to d.c.· 

'• . .· ' 



1on1eat1on hoo alao to be taken into conaiderat1rm. Thte d.c. 1on1eat1on 
s . GL-

"contributes to total ::i.onitat1on am oaWJee,.decreaee in the rediofrttquel'JCy 

voltage neoeeeery :tor br6ekd0'11n1e A mathematical expression ht1e been ded"OOed 

which explains sat1afactori~ the obeerted experimental resulte. In the 

expreoeion dedwed the effect of secondary 1on1eation oo \Vell ae that of electron 

s.ttaobment bavo been taken into consideration. 

c. WW PIDSSSUJ.:.iJ~ :mmAKD'.JWN I:tl GASI~S IN A UlUEORM .HIGH FP.EQtmrl!Y EUiC~lUC FIELD 

(1) WITH::liJ'll MAG!igTIO F~ (11) WITH A S'l'EADY TRANSVERSE ffiAC:mTIC FiaLD. . 

D:l.9~ctric breakdown of e.ir. under .the ootion or a hieh :f:t'equenoy uni:f'om , 

~lectr:le field has been l!tudied at n presa'Ut"' of 1.5 ~ of mercury in three 

cylindrical discharge tubea of length 5 em, 7cm a!Xi 15 em (ciianeter c 3. 5 om 

each tube ) Y11 th extern::tl oleo t:rcdes. S:Lnco at ·this 10\v p.resGUl"e ra.IliJ."', the 

start:i.ng vol t3ge 18hould be :1ndependen·t of 'tilw . nature of 't!"le G.'"f.l&t oo starting 

voltage• ~or air and hydro.~n have been obt:un.ed in the same discharge t\.tl.xt 

(length • 15 em) • !the emitin,g frequency :range is limited by the oec1llator 

voltage output. '!'he bretlkdovm voltage against frequency ot tl'~ applied field 
s 

O\IJ"Ye ,;bows identical nature tor both air and hydrogen. ~('he breakdown voltBgea 

at different frequencies are obt,a:inml £or other two d1soharge tubes am 

reeults obta1ned are eom:psrcd with those of the previous workers. It is :found 

tbat the breakdown voltage, :!o h1&}lar. in tubes o;f shOl"ter length and the 

out-ot:f wavelength 1m~~s w-l th the length· of the disohurge tube. A oow velue 

of the comtant appea...~ng in tho out-ott la ispbtntned empirically wbioh 1e 

t'Ound to OOtil!.l:ty' t1;le experimental rasul ta . fO:t'" Oylindr!cal discharge tubea Of 

length larger than 2 em. The br?akdown under the preth!n·t exporimental ae.t up 
're. 

is due to eeeonda.:cy oleet.zron~coooo:::e. atl'J £911ovd.ng the · theoey o:f Gill and 

Von Encel ( 1948 ), Hatch ~ \7tll.tems { 1954; 1958) the phsse angli! <P and the 
K 

iinet1c energy of the oscillating electron at ·~e opposite end ha~ been 

oalcula.ted wb:loh ere in agree:Jtent wl. th results obtained previouely,. 
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Starting potentiale are 81110 measured in preeenoe ot a ateoly treMYeree 

agnetio :field yaey1ng traa 18 gaues to 45 pUN in the 41acharge tube of 

length 5 om. o~ au4 in the frequency range pes tted b7 output vo1 tege 

11m1 tat1on of the o~~a1llator. It ia- ob•erved that 1l'l prennce of ate&dy 

trt:U:JeVeme mqnettc field the breakdown wlt~e a. weU tW the out-ott 

waveler:agth 111cre•e w1 tb the magnetic field.; ?.be theorJ ot breakdown 1ft 

presence of etiJ~ magnetic field hall been developed follOWing Deb and 

GoiiWfD:l ( 196 4- ) aD.! the effect of the angle ot aft.i't'al at the end wall 

on the breakdown meohanlam ll88 been con111dered. nut obnrvatioD.II W1 tb mapet1o 

.field and the subAquent f1 ttine of theae obaewatione with the theor,y have 

yielded tblt values_ ot the pheae angle and the effective kinetic energy of the 

arrival of the electron with fair amount o:t aoourac1 epeo1~ for magnetic 

:t.S.e1de auller than 30 gsusa.:· The probab111 ty ot electrons ooll1ding w1 th the 

aide walle ha8_ been cowd.dered and it baa been ahown that under the p~eent 

e:xper:lmental aetup zaajori V. ot electrona w1 th •nergy •utf1c1ent to cauee 

breokdotm are t.ree]3' tramni tted 'between the 1Jro ende ot the diacherge tube. 

'1'be va1141 ty ot the a1mpl1fying U£Jllllpt1oDII made in the theory b8a been 

41acuaeed'! 

De VARIATIOH OP LIGHT l!~'!ENSITY Ol? Cl'U)W DISCHARGE lN 1'RANSVERSE SmADY 

MAGNETIC FIELD. . 
\ 

The 1ntel'l81 tq ot 11sht trc:a tb,e glow di~eharge ooluma of rare gaeee like 

DDOD,, argon am hali\1!1 e:r.o1ted by a uniform rediotrequency electric field 

baa been atudied when the colt1Dll8 are placed in a ateady magnetic field, 

trananr• to· high frequelXJy electric field~: The preaoure ot tbo gaa wu ttad 
'1' 

at '10 me of memufq~: The total. intensity ot the ~.elble liabt,~,- aa measured 

b7 a photo ~ltato •urtace plaoe_d :arb1 trsr1ll' at mv poai Uon near the ool1111D8 

8bowe a eteaily _ il2creaae w1 tb the _increase of the ma8f1etio. field·~:,. The obMX"t'atio• 
' ' . ' • '. .:. ! ·• 
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were limited bf tbe IIU.tldm\ID v&l.'- of magnetic :tield ( 2000 gauae ) 88 tbt 

preetJnt. •etup could not aupply higher m~tio field. Spectra have elao been 

pbotosraphed tor "these three gaees at different mqnetic field• and the 

:l.nteDa:l. ty profl.lee of the spectral Unea have been obtained. ~ pi'Otllae 

olearl¥ :I.Ddica.te ~t the ove',l'aU 1mreaoe of total 1i'lterse1 ty of radiation 1a 

alwOJ& assoc:l.ate4 .nth 1 t the :lmreaee of intenei Uee of all the apeotral 11raea. 

IJ!be .linea aboW irlerease ot 1ntene1ty at dift~rent re.te i.e. the 1ntene1ty ot 

nae of the. lima ot the col\IZIZl are not eeriouely effected by the preae110e 

ot trenaverM ll8gnetic field. However 1n the preeent aetup no deta11ec1 

obaewat:l.on with.ltne epeotra :I.e made end eo no quantitative approaoh hal!l been 

aade tor expla:l.rd.ug the phollOIIlemn. Astnl!l:l.rJs that tblt total lntene:l. ty ot 

radiation 1a proport1oDB1 to tbe to~ production rat/' ot em:l. ted levels ot 

sterna, an e:xpreea:l.on tor the intemt t'/ of radiation has been obtained~ 'l'he 

effect of .agnetio t1eld on the intensity boa been introduced tbro~ the 
~· ' 

equivalent p:-eesure concept of Belevin 9M lflqtlon ( 19 5 g ) and the v&l"1e.Uon 

of different parR!llteN in the above exprecaion that are JmowD to be effected 

1n preuenae. ot tran&Yerae ~agnatic field are oomidered. An ezpro•e1on :tor 

u obtained where 1'"' i• the total. 1ntena1ty of radiation :1.n 

presence o,t tnm&terae masrat1c field s:nd Io 1a that W1 thout aaanettc ftelcl. 

!he tbeont:l.oal. reeultl asree qUite eatiefecto~ W:l. th the eZ)Ierimente.lJ1 

obte:l.necl curve ot. ~/Io ae;a:I.Mt the aognetic :field for a11· tbe tbne sue• 
atudied• !!'be deviation of the theoretical val.ma b'OII experimental :reaulte 

at nry b:l.sh ~tic field ha8 been attributed to the failure ot equtvslont 

pres~ure oo..,ept at biah valuea ot ( H /P ) where P :I.IJ the pressure of the &U• 
. . 

'lhe 1m0erta1Dl.Ues in the valuoe of tho different parE.~~ete:ra contributed t(), a. 

certain extent towards the lim1tat1on in the agreement between theoretioal 

aDd exper1mental valuea~ A broad fteld ot future work ba&~ beon pointed out.:. 
\ - ·: •),·~· 

. . ": ~ 
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