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(A) B A D I 0 F R E Q U E N 0 Y B R E A K D 0 W I 0 F G A S E s. 

(a) Vii tbout magnetic field (b) With megmtic field. 

!lhe ·mechard.sm of the breakdown of gaees,or an alternating wltage at SO cycles/sec i<;. 

eube:tant:lally 'the same as that 'for a.ce voltage. However,. tmder the 1ntlueme of 

a high :trequewy alternating field, free eleotrorm in a gas may acquire energies 

sufficient to em:f.. te and to iomse the neutral. gas molecules. When tba field is 

euf£icient]3 large, the,iom.sa~on process ie ctmulat1ve and the ga~ breaks down 

into a 1\lltinOus glow discharge. The exci t1ng field may be applied direct~ by 

electrodes connected to the' source of high :t'requenay potential.. Altel"!lative]J the 

gas m37 be excited by a h.:f. current flowing in a nearby oonduotor~ The first tYpe 

· o:f diecbarge ie called E- di~ge a..'t'Jd second type H• discharge •. The mechanism of' 

E and H dieohtlrgei.'J are flmdam.ental:cy the oeme am d:l vision into two types ie 3ustitied 

only when the wavelength of. the e:xoi tfi:ting voltage is large canpa~d with the Ul'lear 

dimension of the diechnrge tube. Comparatively 11. ttle atur.'ly' has boen mo.de of H-discharge. 

The ·reason :te probabl\v' to be :found in the difficultiee experienced in m9Jd.ng precise 

meas~ntCJ as tbe path of the discharge c't11!'l."ent ie closed and tha:re are no electrodes 

between which o'U.l."rent and p~,d. me.y b=E1:ma.au:red. b b:reakdrmn mecbrulism 1n rJ-d1echargc 

em tn+agrd.tuda of the breakdown voltage ve of a gaeeoue diecharga in em a.c. field 

depe.l¥1 upon the nature arl1 the p:ressu:re of the e;a.s, t;pe .frequency of the applied 

field and the linear dimension of 1he discharge tube• The general charaoter.tsttca of 

the breakdcwn Out'V'ee have been studied by ~ '"Jorkere and 1 t haa been revieWed by 

Darrow ( 1932, 1933 ), One o:f' the ea:rliest workeN, bmoon ( 19;50, 1934 ) enunciated 

~o con.di ticns tor breakdcmn in a high freqmncy :tleldO: Ass11Ding the electron under tile 

· intlmnce ot an a.c. field, the first criterion was that in time "t" the electron must 

acquire sufficient emrgy from t.'lw field oo that the emrgy is either eQtal or greater 

tl'llm tlle\ioniootion encrrgy of the ge8J oonseq'!AMltl\1 the first condition states that 

~21 ~lEw -e. . 61~ wl: 12---.. e.vi. 
'YY\. 1 where V L =,ionisation 

potential of tbe gas. The second condition was that the distance traversed by the 

electron in time "t" moot be either equal to or smaller than the met~n· free l>S.th 



of the electron in the gao. 
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Combining these wo ¢ond1 tiona he obtained an equation for the brae.b.-dcnm voltage 

which 1'1 a ftmct:ton or preeeure am frequency and 8hOW8 tln t at a certain pressu.re 

the breakdown voltage becomes a llinimta. Thomson (1937) next atutied tho starting 

potential for hydrogen 'ld.tbin the pressure range ( 0.25 m to 9.5 .mm. ) an4 for 

b'equemy 1.!3 lie/a to 99 fie/a. In case of lower :treqmncy ( below 2.83 rtc/e ) 

he ob~d doUble minima and above this frequency singlEr m:i.rd:llU'A • Double 

minima wcs alao obse:rv0d by Guttons ( 1928) Who concl\lled tln t- these were due · 

to reoon.atlee phemmem in tho gee; Gill anl Do!l8ldeon (1931) :totmd tba·t the . 

double mini:mf\ d1eappeared if' b discharse1were away f%'00\ the wallo of the tube. 

To expla1n thte, Thcmoon (1937) atttmptctl to modify hie tlleo17~ In order that a 

typical electron maN acqUire the ma'Xim.Ull enarmr at a time, 1 t is aasuned that 

thG electron begins 'tD move e.t a time ): = 0 when the electric :field 1a E Coo(-~). 
t 

Then the iomaing velocity will be moeJf qulckl,y attained if it is acquired in a 

time t 1 emh bt th~ electric fieM at time t 1 is E (CXJ (+¢) ,:for,under thie 

oondit1on 

Gill and Domldeon ( 193_1 ) showed ths~_, when the exci tat1on was by a field afjrtf!)lt 

a.ng108 'b) the lo!J8 axis Oi' t'ile tUbe f dOuble ird..nima appear B.fl..d when too field ,M 

along the wds one minimun ( 'that at bigher pressure ) disappenre~. 

The explanation 18 eeen by ooneidering a cloud of electro~ oeeillating 1n 

the gas 1mder the influeme of the f1eld. At a fixed r>resaure, oo the field 1e 

iacreased the raw of ionisation 1;.no:reeees an.1 when this is just greater tb.an the 

rate ot·loss, due mainly to diff'ue:ton, 1:00 glow appeerii~t\_ Now if the pressure 1e 

reduced the eleotrom acquire more energy from the :t:ield -()'fl.i.ng to their increased 

fl"ef) pa.th ewd b cri tioel force :requ:t.red for breakdown is 'less. However as the 
. l. 
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pressure is redwed the amplitude of oooillat:ton of the electron also increll.SSe 

an1 when this becomes of the same oi:-der as the diatame a.J.,mrt of ~walls, rate 

ot losa of elec't:rona :l..mreases repidl,y and the b:roakdow-.a voltage 1e increased. 

The ccl.culati.ona of Gill ~:U¥1 Domldeon relating to their cornii tiona of exper.tmente 

are 1D agreement w1 t11 tleir views&. 

Jhoi.:al\:t1om& in eyarogeu for f:req;t~ieo 5 to 11 Mo/e :tor p!l!.d = o. 2 to 30 nm. em. 

of He• was atudif}d by Githene (1940) who attempted to correlate the appe~~e of 
. i 

the minima of' ( V , pxd ) curvee with the position o:f. the walls o:f tm discbarge e· 

tube l,'Olative to the eleo'trodes •. He cooolwea that the brealtdown of the b .. t'. 

discharge ocom'ed through 'three dif:terent proceae which he denoted by modes, 
\ 

a,'b1.c, each of trhich ga.w r1ae ti> a .minimm in ( V
8 

.,. pzd ) cmve. Similar 

:results were observed by P1m ( 1949, 1949 ) using amall gaps in air at :preseur•ee 

i'!'Cfll 59 ~···to 764 m for ~quonoiea ranging from 100 'MD/e to 'co Vole • 

Hale (1949) tried to explain hia ~oow:-emente 1n art~n ant\ :moon over the 
.. 

range ot Zrequenciee 5 'Me/a to 50 l!!o/s and at gas p:.reemL~ 20-50 microns by 

&Jewd.ng t.Jlat tim breakdown potential torfil.t~ .. field is detenniMd by those 

elootrons in the gam which succeed in acquiring :tontei:ng energy in one n1e.en 

tree pe.th; th.1re ia considerable. divergence of the ~oretically crilculated 

b:realmown voltage with expe:d.montal 1:-ee~ta ·in coeo of lo"A·er frequencies. !he 

valw of tiw mean free l~~th of the electron uaed wae that gtvo11 by Kinetic theory 

which om lua!'dly be coi--'.t'ect. Ae is knownt tl'i~!,Baa.."l free path of' ~he electron 
s . 

varte41 With tbe ent)l"£5Y o£ the elec :t;r6n. am as the energy of the electron varies 
. ., 

. . 
be'b!Jeen sero nnd ioniein,e; emz•gy wha.t,ia needed is an effective mean tree path. 

Alao the oomEpt:Lon that the Pl'Obabili ty of 1on1o.a:tlon incomes a max:laua when the 

electron ~.oqutroe t't.te io!lieJ.ng c~r;:w io not su;pportsd. by 6xporimental results 

because it hes been shown by &ni th . ( 1930) tbnt efficiency of ioniention 1mrensoe 

quite rap~.d~r l'dtl't incre~tBing electron energies ali~htly shove 'the. ionia:tng ~neriJY• 
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'lbe extent of the intlmme o:f the~ the walla and electrodes 

upon brelll;iown mechani.ml depends upon the relative magni ttlles of ll,f and d Where 

p is the preesure f :I.e the 1Tequenoy ana.. d is tbe electrode Mpamt1.on. Llewe~ 

Jones aJX! tbrgan (1951) ebowed that when "~" and "p" are sufficiently high the 

amplitude of motion of the eleo·tron cloud iG ~DBllt a.nd :1 t can be muoh less than 

the linear dimensions of the c:lisc:hm;>ge tube; V0: is independent Of the nature Of 

electrode alit1"ace a!¥'1 aecomary electron prodwtion at the electrode eurfaeea doee 
·,. 

not ap;vea:r to pJJ.v :important part .. Ucmaver at very low pressure, experiments of 

Gill am Von Engel (1949,. 1949 ) and aleo those of Cbemt (1948) show that a 

diooba.rge can be started, provided the :f'requs1107 is greater than a critical value, 

at Quite a low potential which is 1!ldependent of tho p%1eSSl.tt'e of tm gas. In tbie 
~ . ' 

case Gill ana Vor.a A:ingel have asm.med th:1t a eing;J.e electron atrikes the opposite 

glAwe surface an:1 relessee the secondary electrons which move in pl:aooe with the 

applied electric field ani raleaeerp further elact:t•ona from the wlllle. 
. s-

Appl1cab11tty ot similarity prineiple 1n h.f •. dioohergo ha\ ·been studied by 

:r.a.ewallyn Jonas ( 1951, 1953 ) and hie eo-Aorke~•· ~ownsend. am Willisma ( 1956) 
,;(-_ . 

etuditad the bre~own condition in air and eydrogen 'Wiline a pair of geometrica~ 

eimilar eleetl'Odc system arxl mo~u:romente were made for· valoos of p x d..= 15 m. 

em. of Hg. ani f:r."Gq"OOnoy 5tl!c/eec~, to 10 r&l/sec. For f c 10 Mc/o or more, double 

minima sppea..~d~ The firSt minim'ID was mt very eeneitiva to change of i'reqooncy 

but the ·second min:lmtm moved to higher valwe of V e and "P" ee the :trequ:tnoy ic 

decreased. The · a:t.milari ty theorem was found to be obeyod within the trequewy 

range investigated. They have conclwed th"i t b mu~tiple minima in (V a , P•.d ) 
'1, 

CU'L"Ve& at bighftequenoy can be~nterpreted on 'b; ~~s ~:fa oinSle breakdown 

roochrmiem involving electron~nera.tion. by coll1eion wi tb ge.s molec~ and loss 

b~ diffusion and d~ft to:lm elsctrodes and to 'he wallt~ of the ui~ohargo tube. 

The firet published :reeulta for breakaovm in Ultra high frequency region, 

appear tom those of Cooper ( 1947) wbo mads moasursmente of. the breakdown in Gt.i:'ll" ~ 



co-a.xial linGs ODl wave guides fo:r gaps be-tween 0.1 and o.s em. at g~ prefJsure 20•760 m. 

At the two wavelengths (10~7 em. am '~ 1 om ) ~ 'the bresltdawn gr~m:te:nt woo :found to 
:_J . . 

be 7~ of the d.c. breakdown valueo Sin111e:r mcoom.-emente were made by Poein (1940) who 

tomd th~'lt tor 3 am. wave; breakd~n voltag-e for a 0.043 om. gap in a:ir tmder 

atmospheric condition is eubstantiaily :tndepen.1eut of pulee dtn"ation provided t.'lJe.t 

duration e:.meet"te 4 sees~ The natu...-..e of spark meehania in a cavity raaoonat-or at 

these wavelengt.be baa been etudied. by Prowse a.."ld Cooper (1949) and, by fTOWee and 

Jasin~~ki ( 1949) uaing photographic 2M &pectr-oscopie m~thoda• 

Series of investige:tiorie on mic1-owave bra~-lkdow.n, in €l'Uea in cylindrical aavi t:1.eo 

anti between co-aXial cylinders e.t a wavelength of 9.6 om~ have boen mae.e by s.o.nn."'Wl\ 
~ ' ~ . 

and his colleagues ( 1948, 19491 1954, 1956 ). ~he gaps etudie' range .from 0.00 to 7.6 em. 

in air at presau:ree from 0.1· to 100 mn. Hg. The ~eul t& are discussed in texme of a. 

new theory for ultra high frequeooy breakdown, 1'lhieh ia b~Wed on t.h.e criterion that at 
~ . ' 

proceoeee of removal of elec·brons, eooh as attaohnient ru:ld rocom'bim:tion, a~ considered 

· to be negligible tor the type of tte discharges Ertudied; when ·the gap longtb is emell 
~ . 

compared with the wavelength, the eJBctron{.¢;P' mean t'res path ruld the ampli tu:te ~ 

oecillation>the broakdown a..Htdition ia obtnimd trom consideration o:t tbe continuity 

equ!ltions for electrons as 

vr 

when"~ 1a the elec·tron density, ·)) is the net production rate of. el.aetrorw per 
c . 

electron am denotee the di:ff'e:t'en¢es between th.~1on1aation rate and the att.a.cbment 

rate. r roz>resents the electron current derwi ty lost to the walls by diff'usion. 

1l"ne threshold for breakdown 1e con.~~dered. ·to occur whon °0~ goes thro~ me:ro. The 

breekdown is then tl'ltl c~teriotic value o£ the electrie :field obt.~ned from the 

solution of the equation 
vr 0 

••• (1.2) 
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A htab treqmmy ionieo.tion coefficient crm be defined ae 

f = ~/'DEl ••• (1.3) 
wt~re » a diffusion eoeffj.o:len:t. 

\lalUfls of f have been c:alculuted by B:rown antJ/o~rs frcm thoir bronkdovm me~nta 

under parallel plate ccndi t1on in C1lil:1drice.1 O&Vi ty mld l.U'e expressed 00 fUOO'tion 

ot E/P and p'X_ where (\ 1e the wavelength. The data nra then umed to caloulete 

bftlaltdorm wltage in air betwQen eo-a.x1al cylimere end. reeulte are fotm to be 

in close agreeme.nt .wJ.tb the e;xpor.tmentc.lly determined valuos. If the appltOO. 

frequency is e;rev.te:t' than the treqoonoy of iMlostio oolli.I?Jion am loso them tb.e 

b\lqmroy of elrultio oollioion, r:lolstein ( 1946) showed tlmt tr4G euergy d1str1but1on 

hre~t:.wn cordi tion that tho rate ot p:t'Odoot:lon of e19ctron by ionisntion must 

exceed the re..te of loso due to dtt.fusion for non attach1n8 gtlaeli. In oMe of a 

untfom field between ~Uel plates tl~o.lc~ted relation between the bx-oa.lidcwn 

gcedient E1 tb.e SC'iP lengt..~ " d n and tba f:.,!f.l.fJ pl'eem.tro " p u is 

1T2.. KTe. 
- ~ (E/~ )~p ••• (1.4) 

c{ :I.e too Townaand'Sfl.mt 1oniaation coet'fic1ent. 

In a oorl.oo of theoretieal papers. on b.t. dt0charae, MnreanaUfi and Iiar'l:iM.n (1948) 

have diecuesed meth0t19 :fm:- det.,m1n1ng the electron emr§Y distribution or.d have 

shown~ arueh twlctiooo can be used in the oaloulation ,,..l the tn."ellkti{Mll fields 
s 

on the w;m.n.ption tm t tm ol.lly mcchaniem 'for electl"'D removal 1t/! reocmbirw:tion 

witl1 pof.litive 1om. 'lhc~ calculated ~UI.me are apprecW.b~ low·er than tbe tooasured 

valoos am tho dimcrepaney is expWned by the corwidel"Bt1on tiu:rb electrt.in mu.ot 
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Jd.netic theoey o:t ·electrical diacba:rge atKt moclify!ng the Bolt1'1118n1D ~port 

eqtation o-.,tatne4 e~reeslons for b :tuntlmnent~ p6X'$1neters involved 1n t~ 

diocharge pbtrJmmena of gaaee. DiViding the whole problem into different partf 
,-;C. 

X1b8r8 obtaiDed ab110lute $reea1on -zor'mobtlt:ttY coefficient, m.:ttt*ion coetticient 

and el.Eiotro~ tem~rtiture :i.n -ems. ot some molecular constat:lts ar.¥1 acme m.e.aau:rable 
. {' . . .. 

. . 
npcura are tom oalcule.te4 have ~o been p:tQVided. Sta:t .. t_ing 1'rtU Dol.tr.m.an · 

distribution of clzre.ttd particlea in a gae W1 t}l 1JZlitom ttmipe:ratU't'e am pressure 
' 

arid nonunifos demi v and applied external electric tieldt ~ ( 19'2) also 

_obta.ined the weU -~relation [ dl:ttuaion coefficient.~ _ "; .. · mo~iU·ty J 
where ~ • eleo.m temperatura mil · Jt the BoltaraJt. oonotan~.~ . · 

-~ that tl» coe.ftici~nt ot ellletic scattering between g aa"molecUJ.ee '.and 

electron or ion 8IJ ~~rae~ proportional to tbe mlatiw apeeci between the . 

colUding particles an egpression fo~ the difference .ot gq, wntpem.ture and 

electron temperatu..""8 in ~me or applied tield Md frequnnc7 baa been obtained 

by R1.bara. _ ~tldiug this idea, the mf)bili ty coefficient o~ el~otwn in gases. 

1a given by 

K ••• (1.5) . 

where 

Jf c number o£ moleculea per c.c. o.m 1\. ie a. molecular_ comtant introdwett b7 

· Xihara. in this theory ( M.mension- c~3/~ l~,' ~a t$C~oUD.ted tor the excitation 
" ' ·~ 

by electron with the help of ;m-.el giViDg oroas- ..action of e:Xoi tation ae 

Q (c.,,c) = fC3/c:- . i~e •. wbich'~~1vee a process euch t.llt\t 1ile 

"peede of: ·elec trona~ deorense j&f'Tr5Wl ( 0 to valooe below C beoauee . of inelaetie 
' 

colliei<>na• Here f. -ie a ~leoul:l.r model conatant wi ~· ile dJ.mone:lon of area 
. . t'· ' ' . 

41Yi.de4 by velooity •. Acoording,thie model the total cmsa-~eetion 

i~roportional to 11& speed of colliding electrons. 
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kT-e. 
. 1... )-'h. = ( l + Nc..;_}..~ • 1 . 

( 3?\ f)'/~ 

and the dielectric eonetant 

~ procese ot ionisation by collls:f.on w:t th electron was explained se;.suming o. 

model croes-eeetion 

0 

where o is a moleoular constant vd th the di.meno:i.on of a.roa anl C.t: correapon.do 

to electron wlooi ty nt fimt ionisation pot-;~n.-~ial. Since a few ele~trona wi 1i1l 

exoeptiona.lly ,{ lerge flMr,gics tUf\.t<'illl,y take ·t.ha mn1n part o£ ionisation, Kibara 
. 1.L 1' 

considered that the velocity distribution o~lectro~is not diat#bed by the 

ioniae.tion proaees so that it can be taken as C4rulwel.l1on. ~rom this reasoning 

he obtained the exprese:.ton for the :first '.l?ownaer..d coef'i~cien:t ~ ne 

o( 
p 

where A 1'\ = li_ · 0' 
t\ v p Ct 

1\ 0 € X-p (- BoP/E) 
. l4-)'/2- '1- V: 

B . =!:i.. ~C.i. . (3~f'2-
end c p 2 e ~ 

When the gee is exoi ted by micl'O'Naves and ·the presaw.'!! is high •iJhe loee of eleo t:rons 

the lose is due both to toobili ty aud ·\di!:f'\wion a..VX! tlw _continuity equation in 

-' (L­
lT2- l 1 

t"ft. ' 
whiell ~ezplieit ft&n canm written. on the asamp·tion that electron's velocity 

distribution is t!a:x.w~llian, ao 
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e~ ( ~. P/2-E) A, t'L (1- ~c~~P) ... (1.6) 

whenl A1 and a
2 

are. two derived molecular consta..'lte introduced by Kiha:m. A ·1e 

the Wa'V'Glength of. the applied r.fQ field. 'nlis toooretical expression is in 

agreement wi tb the experimental observation.~ upto a certain lim1 ted range. 

Teillct anl Brunet ( 1965) in their con:re:roroe payx3r investigated the l~:'lYsical 

mechan.:'i.em o:f high frequel'lCy discharges maintained by resonanoe. It waa concluded 1 ho:! · 

when a rooio:f'requenoy aiaclw.rge is excited td th a .treqwney 6J / 21[" hi@ler than · 

the collie1on frequency .. , 

of t.h2 plasma ct.m control the steady state of tht:.l discharge alll determine the 

val:oo of the electron d...--emi ty tor a given geoomtey am frequency. 

:Besides the imo geoo.ral. type ·of loss of electrons in h1~1 t'l"equemry diaohnrge 

becomes very. prominent in case "f certain go.eee. This is ih(; l.oaa by fo:ma.tion 

Of .mgative ion. ~lag:<?..t1Ve iO~ appear in gases unaer tWO Ci!'CllllStaMefJ, (a) they 

may be created in ~0 gaa largely through attooblnont of free electrons to e.toms 

and molecules and rarely by dieaooiatiOn of molecules in a polar phase by 

electron impact• .(b) they may be int:rodooed in the fi.'&S by interaet:l.on of fast 

particles of atomic mass with surfaces or by liberation from hot CNrf'ooce. 

Attachment of elect:ronsoi38'Soa lose of· tm former as ·ionising agents ani leads 

to delayed am tm.deeirable electronic ionising evente in asymmetrical field 

bremkdOl"m. It may further ·act to increase the rote of J.oos of carriere by 

recombination. 

"""' tis lose of electron by attachment is a veey p:radO!Iiinm!lt factor in came 

of c~rt&in types of goo e~go o2, O.~t. ~2 '·~ogene, some organic vapou..vos etc. 

which have a etrong affiri1ty to a.tte-.eh the electrons ·to neutrril. atoms or mOleoulee 

to tom mtg:\tive ion directl\Y or by d1eoo1ation.,. The electron is bound ~ the 

molecule with an energy Ea.. which is called the c~ectron a.:f'f1ni ty'! The phenomenon 

of electron attachment to neutral atom :La a common occura.me :f'or geaoa whoea outer 

electronic sholls are mar]¥ filled. The meaenn--o of tt.10 ease with which an electron 
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whlch varl.ee from about 4 vol te f9r gases ·like F 8Dd o2 to ~arly 81'0 tor tboae 

gaaee Wb1ch exbt~it .-11 atacb:llent and ie - v~ :tor thOse· which do not. Atoma 

cil.a.'t"aoterind b7 cloaed electronic ahelle are iilert to extra at~c · electron~~. 

Ko1eculeu 1n a [ groum. state are o~terieeci by no resulting apin ox- SDgU1ar 

moaentwt. '.their electrons tom oloeed groupe af1d henoe al~o ohow :t.nertneee to 

extra moleoula.r elec.trona. ~ee ouch_ aa H2 , •2 and CO tall tl'lto this grooup 

and shoW no electro~ attaclJDttnt• 

~e ·attaOlwent ot electrons in gaeea woo. not· olearl.f po~td.ved until about 
.. ., . -

1910 when th~ Ya.OWD teolmiquee ll,lM gaeeoua purification of sases led '1rarJ,f am 
· l?ob1. (1910) to etli'J,y ion llObilitie~ 1n i!le~t ~es ~ 112 old they noted ·~• 

• ..l 

. p!'eeence of free ·~octroDB e.t lliBOOZ' p~SSUTes.. The·. ott¥1iee of ToWASend G1914) 

ad hie o.,..,orkera t&tte:;., Tie~ (1912) e. ha4 l.e4 1x> ~he .ncognition ot 1he. 

ex!aterJCe ot tree eleot:ona at lowor p~esurae 1ri SmeM• Tho. exper!mental. wo:r'k s 

leading to the ultimate dieoeming o:t el.Otron at·hacl'lnont were stwiee of the 

variation of carrier 110bilitiea in air .. as a fUnction of pressure by A.F.t\ovarick 

(1910) trlth tbe Rutherfor4 A.C~. method of mobility meae'W.'e1!1Elnt8 using photo 

ehct- mit those o~ EI!J~.W•lliec}?. :(19151 ·191G,. 1917) uuing the saw mthod 

but produc:i.nr; 1ons ·bJ · o<..- ps:r:t1clee troa Po 1n an auliu~ field bGlow a g&lJ8t!t 

:toll~ng the method ot Franck.· 
. " 

Obaeristion ot W6lliach 1fdJ:8 be ·stated brietl3 in the :rollowing warda. b 

separation praviot.UJ~ e:tfeete4. between the electrons ana the nag&tive ions in 
', f-' 

~ at lower pressures h8e been .furt;her extended to _ 002 and H2 aa 1n tl»ae 

two guee the electroM are rel.a:tive~ more ntaeroue. tl:wn 1n air at the correapondine; 

prebsw:1t. A trace of impurity 18 e:aPeOial~.e:t:teotive 1n reduc1Dg tJle. ntmber of 

me electrons when ·the g8a 1e a.t relat1vel¥ high pres~Jl.Zro; at low preasure the 

etfect of .the illpur:J.~ 1e lees marks~.; In moat oaaes ~velocity- Greater th!l!'1 
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that arleirlg :from themal eg1te.t1on at ordinsrt tempe~ture.appeare to be neceaaary 

to emhle tho electron to etteet a ~manent union w1 th e.n unoharpd moiecule ot 

tho gu Ol' :lmpu:ri "tif•· For the Tapo~ Of ~trDlttD ethert ~hose molecules QOntain 

o~ atau of carboad eydro£e.n~. the nesa.tive camera. appear ~· ooma1st 

practical~ enure~ ot me e~otromn a trace of tmpur1ty, however is eut't1o1ent 
. . 

to effect the production of a conatd~rable n\lllber of negative iOmJ• A br1ef . 

investigation has been made ot tbe motion ot the frefJ electNna through <.b2 J 

the reeults do nQt indioa.te that the velocity of tm eleptron .:1e proporttom!l to 

·the applied :f'talt11 but euggee~ tbc;:t .the el.ectron III!W "travenle a considerable 

dietaDce with ecoele~ted. .~tion befot"e 1te te~nal velocity is acquired. In no 

1•tam~i ..a.: Ill#· en;ae~e obta1md. r.>t a .. o~e i!l the natl.tte . of . either the , 

poei tive or nega.t~ve :ton ae. tbe p:re·stntl>e of tm: au wall reduced •. The p,....:aaent . 
. ' ' . . ' . 5 ' 

m.etbod 1fafJ ~ploy~tl 'to de:tem1na too values of tbe ionio llObili tieS tor a few 

vapoursana the :re.eults have .. been compared with .Previoue 4ete~t1one. 

!Deb ~1921,. 1923t 1924}:1t1_a SerieS Of WOl"k investigated the possible theOr.i.i!S Of 

fomatton of negat:tve ion t1'0m electron aD! neutral molecules proposed bi 
' ... ' •' ' 

• • •· <I' • 

J .J • ~n e.n1 b:f We~eol\~ Mob~li tiee of tba carriere tomad by photq elec·trone 

liberated. :trom Qne plate of a ~a11el.pla.te mmellSer ·by a beam o~ .ultm violet 

light, focussed on it at a ~ins· angle f.rOm a quarte ~na1 were dete:md.ned att 

dute:rent pressures. for eir UI1Dg the Ruthe#Ol-4. A110~ method. The resul t\1 1n general 

co~ the rasul.ts ot preVious 'observere,~ y:lelciinB 8 ld.nsJ.e clesa of ilarrietw 

whoee mobilitie~came abnormal b&low 150 m. ·. pre•aurv41• ~ valuef.J of those 
. ' . ~.1/.:(e_.. ; 

mobiU.ties ~alae fouM. to ill a function oi the :treqaamy ot comutatiotl in 

agreement with earlier reeul:te~ The manmr of intrcduoti.on of ultraviolet light 
' '"" ' 

into the. ~r redUced .t4e s~ .light etfect end 1 t wee found that the 

tiQaptotio tec,Jt ot the cUI"V'Ds obsemd below 200 mm pressure"" a real, am 1apor~ 

' ' 
tG fit theae aeasllt'ementa Bn1 on b .. bo.sis ot the eq,\¥itt:ton ao deduced the c'b.Bnoe 

of ion fo:rtlll:t1on. " n " wu detezmine4 from experiment~; W:J:libin the ~:ts C)f 
. ,•"i ' 
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accuracy of the method, "n" woo found to be equal to abou~ 2.5 x 105 for pure <17zy 

ai:ro The Q\.U"l."Snt voltage curVes computed on tl'£1 basis of the ;~n theo17 were 

OOJnptn'\)d wi tll the 0 bserved CUl'VeS 9Bi .marked general S:lmilar1 tieS Were ll'OtiCaU 

below 200 zrm p:!'.'esoureeo '1he as,ymptotic feet of the computed ani observed ourvew 
' ' 

lie close toge·ther, which is oisni:ficant 1n ae rnueh oo it ia these portions of th0 

obse:rved curvos that yield the abnomal valuao of the mob1li-ey. Deviation& of 

the observed curves fran thoee computed at the higher and lower pressures axe 

explain!d." Repetition of the . WelU.sch experiments shows that what he· te:tmed 

":t'rele elsctrons" are the carriere ot aboomally high. mob111 tiee o.bmerved by ·t}l~ 

. earlier workers. It ia shown that aa the elect;rons do not attach to N2 molecu.lae, 

and that M the valuee of ''D." obta1md in pure o2 and in 1t2 With small qtVm.tities 

of o2 1n it ~e with the voluea fourul for air on the basis of its o~gen. conten~, · 

one must conclude that it :ta to the o2 molecules 1n air that tbe eleotroM attach. 

!.fuE) value o:r 0'n~ for o2 molecules 1e then 5 ~- 104• 

Ploet of the methods ·of meaem-emente of "b", b attachment probe.bili ty were 
of 

hanticapped due to diffe:ront reasori.e. Becatme. of the wry low va.luee.-."11" tn ~ 

gaaee, as well aa ·the difficulty of Mbiaving groupe ot electrons of mft.ow. energ 

spread in gases of eu:ffic:tent denei v for a.ppreQ1abla e.ttaobment, signifioont 

studies on the appea:re.noe potentiala of iorw and energy of 1on fo:mt."t.tion m. tb. 

identification of ion species i'orm.ed by mass ®eCtmgra.phe have not been succf!ssful, 

unti.l woon lliclmm am :Fox ( 1954) applied their retal'ding poten·~ia.l difference 

method to the study o:t attachment of eleotro:am to S~ combined with mass 

epeotrograph l."$Wallng a new teohrd.qm of investign·tion. 

An electron that makEJe Vc ~pacts per aoc and under ·the notion ot the field t1E" 

~• )AE centimGtera per sec~ talcee ~E ooooms to fJJ ono cG:~ntimeter. Starting 

With "n" electrons, t~'lJDber ci:n- out ot" "n" that atte.Qh :f.n goirJg clx centttneters 

Will de pent on "n" , -Jcj p..rc am on cb: .• 1£ ''h" ie tlliproport1on:lU ty conatant, 

then ct n = - ~ :n.... . 0e. .· ~ ~ E' ' "J1f1 :lscalled the p:robabili ty 0~ 

attoobnent end is t.':le :reciprocol of the avem.e,re ntmber o:t impacts an electron 

makes to attach. and /ie the mobility coefficient. Another quan·titw "~ " 
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may be defined u the probability of attaohl:nent per em. travel in analogy to 

ionisation coefficient ... d...." and like1'11se wp ia a function o£ E' /p e IJheee 

two attacment coeffic:teats are :related by ~ ::: fb )A ~/,tc. • Rance another . 

coefficient Va. may be dei',.ned in analogy to vi. , :1onieat1on ·frequency, and 

may be called the_ attachment frequency ru"d it is related to n h It by ,{_ -= v.yvc • 
Taking into condideration this new meohrul1sm1 the aontinUity equ(!rtion for nunbe~ 

of electrons/ C•C~ may be modified. by :putti.ng [ (vi. - ..Yo.) 'h- J 1n place of 

( •-\. n.. ) as the frequency of prodmtion of eleCtrons, when the breakdown 

co:r'ldi tion in caae o:f high f'requenoy dioohargo with ~ellian velooi ty distribution 

. o<. f.> 2 7r1- UCMJe. -
of electron can be given by T = T + ~ (Eejp )(.hl)2- where Ee • effective 

f'ield, 'U..Me a average electron energy 1n e~v. The quanti ties + , ~ e.n1 . 

'U.a.v.e. are all functions of Ee(p am depe1'ld on the energs distribution 

tunctiono Different authors meas'l.tmd the varia~on of o<'j p ant P / p with E' ~ . • 
.'\. 

Considering diff~rent possibilities of energy d¢ea1pat1on of electron eftar 

attachme11t to the m.oleaulee and atome and applylng continui ~· equation Ifarrison 

and Gebal.le ( 1953) obtained t.he expil:lss1on for n.a. current for applied Q.c. voltage£ 

.... (1.7) 

electrode eeperation tor val. we of E/p cr 60 to E/ 'p a: 25 volte/cm •. mm~ o:f' f{B. 

were obtail'led~ Variations of fbj p W1 th 1};, were obtained for t.P.r, Freon, 

C Fj 5 F3 ~- t{eoourements of variation of nh" wi tb E/p were made by :&F.radb~ 

and 11'atel ( 1934) ~or gaeea S 0 2 , N 2 0 ) \-\2. S ) N \-\:. , \-\ 2 0 ) H Ci. ~ cl2. 

and dift'ercnt mixtures of attaching gases., Duroh, and C'10'baUe ( 1957) measured the 

variation of f.>j'p with E/p o:t o::qgon •. Meaaurements of croes aection·of attachment 

of. balogena .cl2) ()y.z , 12 .Zor different energy of the electron by Uealn.Y (1939) 

show a maxi.mtm near 2 volts of energy of electrons :for all tb.rea gases.· These· are 
va. Tt'?Jirf'tl. •f c.\'\'\ 1)f Noll 

the some of the observations of"· tJp ~with E/p ~, ~-tv · 
,o_

4
JN'"'!o measurementa of vn:riat1on o:t flip ODi c<fp w:l.th E'jp hel.pjl to co~r 

1 s .... I A~~~tT97s \~·,r,1,)fMOH~'~ 
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the breakdown voltage data observed in high frequency discharge of attaching gasea . . . 

teld.ng the effective llit?:ta frequency field as the applied D.c. tield. Herlin and 

Brown ( 1948) measureJI the breakdown voltage in air at 3000 Me/sec with tm dista.~e 

varying from Oe635 em to 0.158 om and the praosuro varying 1"rom 70 mm Ug. to 2 nm IIg. 

S1m1lar mee.el.l1"el!ent8 were done by P:im ( 1949) at 2000 Me/sec. with the gap length 

Tarying :from o.oa em.. to o.06 em. and the preaeure weying :fJ:Qil 760 nm. Hg. to 
.Q,. (J.-

160 mm. Hg. The diecrl.p.,ncy between these obeervationo arid. t.OO:!)ri tienl plot o:t 

breakdown curve, obtmmd by taking help of measurements of HeBley and Heed (1941) 

tor a.verae-e eleot:ron ener€3 as a ftl'¥lt1on o:f' t/j) was of the order ot 1o-% • 

However with increased purity of air - by ·tald.ng every observation w1 th fresh air 

atter exhausting all air of the previous observation - the experimental curve 

ehows mooh better agreement with the\theor/tical curve~ Tho data ot microwave 

breclt•iown meoouremente in OJ\'{gen at 3000 Me/sec with gap lsngth 0.635 em. over a 
' . 

,f1kl!hA 
range of preeeures fran 7_0 .to 2 nm. Hg.-t a~ 1n good agreement with the theort tical 

value oa.loula ted with the help of !'.l'leoouremente ot ci...jf e.na ~ j 'p for o~gen fr-:Jm 

the work of Harrison o.nd Geballe ( 1953 ) and. taking tm value of ;>"YYJ ·= 3 · 5x 10 '~. P 
' ' 

obtained fxom mobility measuremente of Nielaen of .Bradbury (1937 ) em the relation 
to 

tor the a.c. mobility, we ge.t the value of l::e given by 

E2. v: E'l.- _J_ 
e - 2. -J7Y\'l.. + W '2-

••• (1.8) 

where 

E P ·e:x.F (3 w t) ie the applied field ( high frequency ) and -J'h\ is the collieon 

trequenoy. 

Breakdown ill presence ot• magnetic field • 

.Breakdown o:r a high f:requerey diaohe.rge in a ea.a in p:reaeooe o:f magnet"io 

field has be~n e tudied previously by eome workers~. ToY:meeru and Gill ( 1937) 

calculated the effect of a magnetic field on the breal~down potential of a gas 

under r.f. excitation nnd showed th-:.d; the Dt.'>bility of the electl"ons in ttlt:) 

~i'Jevv 

d1reot1on of the electric field is reduced and is"by the equation 

. ·' 
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K· --
1 w '2. 1'-'2-+ H 

... (1.9) 

where 1me cyclotron freqwmcy, 
~ 

and ~ 1a the time be~Neen eucceeoi~o collisions. The diffusion coefficient D is 

reduced in a direction perpemicular ·to fue ~tic field in the ratio 

1 + w~ '12. 

From these conaiderat1on~ 1 they observed tha.t if the eloctrio and magnetic t'iolde 

are parallel, the diffusion perpendicular to the field is redoooed end ben:e a 

smaller breakdoou field ie neceasaey. It ·the fields are perpcndioula.r, not only 

~he breakdo\m 'VOltage ie reJdwed but for certtlin vnlueip of "'Ghe magnetic field 

am the applied frequency resollfll1(3e \Vill oacur when 

••• (1.11) 

They carried out experiments in air for two :frequencies name~ 46 Mo/eec and 
Q..~~to))Afl 

30 ?l:c/eec. and the range of pre&su....-r-s varyi~ from G::z:'m to 24 zrm ot .flg. A deoreEWO 

ot the starting potential was noted for values of p:reasu:ro less than the m:.I.Iiimua 

without field and imrea.ee of ett1rting potential. for values ()t pressure greater 

ie applied. The values of the magmtic field were eo chosen toot ir.e. ~~solll:m'Jc 

ooDlition was li!niJisfied. The work has fm,tr.~er been extended by :Brown (1940) to 

the case of eydrogen who obtained almoet similar :rosulte. · 

lax, Allie and Brown (1950) car:r.i.ed out experiments on the breakdown voltage 

The gaa ueed was heli'Wl containing a small admixture of llg vapour tm:! they 

obte.imd break<it)W!l curvea f'or different values o:f pressure. The breakdown wlte.ge 

becomee a. minimtm tor a rttagt~t:lo field (1125 sauna) for all val.~e o:r. the pressure, 

the effect of resonance being most ma:rked at low volUBs of pressure~ 
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Fercl;tt1 and Ye~nee:i. ( 1955) performed expuriments in air for freqoo:nciee 

ranging from 10 Mc/eec to :SO ti3/sec. in air, the magnetic field varyintf:trom 

0 to 600 gauss. They used cyUMriaal electrodes om observed a lowering of 

breakdovm potential :.tn presence of magnetic fielde 

Most of the work.p'fa 1n this lim were done in resonnnce nagmtic field aucb 

that· the frequemy of ·the o.ppl1~ field an1 the 1ll£'L,...mlitude of the mgnetic field 

r e. H 
are of such a value that jo..t\'~rzc:t= ~:rr ?'Y1 c wao eatie:fied. So far _praoticall¥ 

littlAJ work hae been doM in which the magmtic field is far removed from the 

resonance vulm. Sen an3. Ghosh ( 1963) stooied the breakdown in ~ir and nttrogen 

1n crossed non:roaonant ma.~t:tc field &!}plying tbe radio:frequ')my voltage of 

frequenoy- 8.1 ~/sec. and 7.15 ~/sec. respectively in the pressure :r8118e of a. 

:rew microns Hg. tQ 500 micron Hg• They obtaimd a family of curves for different 

steady magn::tic fields wboae value lies ,.r.i thin 100 gauae. It was observed that 

eeoh curve for n steady croseed magm.tic field has got a. min:lmtm breakd01'fl1 \'Oltap 

e.t a certain preaoure which ebifte to hi@ler pressure as tl~ magz:Etic field ia 

increased" An :Uxlrease of· breakdown voltage was alao observed on the application 
"(11..~ 

of trcnaverse r# gm tic field w1 thin the rane,re of pressure for which the mese.u:rernente 

were taken. Follaring the theory of Kihara (1952) for breakdovm of gases by 

radiofrequency: ·· .. :field and eqt4valent preaf,,u.·re concept 1ntroduoed by Bierln 

8Bl Haydon ( 19513) w1 th tle variation ot}nobili ty and diffusion coefficient in a 

magne·tio fieldt. ~ expression. for the broekdown voltage of' gases by r.f. f1@ld 

was develop.ed to explain th.~ir experimental. reeul.te. lt was obec.1rved that the 

t.'l]eo:retical msul'ts are in fairly good agreement with experimental results. 
e--tY . 

The dis(u•!pf>ncy was attributed to unoertaini tim!! 1n tho values of molecu.l.er 

constants introdmed by Kihara. in Me theoey,, They alSO col'..eitlolerod the effect 
\,'· . 

of attachment loss to b breakdown condition. am obtained the modification in 

their breclalown voltage G:Jtpresaion as 
LW (1-b) 

2 K. 
{•• ~1}, 

···~'·'"""' 
where 
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b = l.;Jc ~L Va. J '12... . r o((p ~ /p J '/'1.. _:. L o<j P . ~ X •. aob111 ty c_oetf1o1entJ 

L • length ot :tm gap; w • applied freq~DC7· 

E • breakdown wl tage w1 thout cone:l.daretion ot attacmsnt. 0 . .. . . 

Ea.• bzoeakdown YOltase with coneide;ro.t:l.on ot attacbment. 
0 . 

Tbie new modification with the consideration ct attachment lotls showed a better 

agreement betwet!,n theoretical an! experimental breakdown 'VOltage. 
I 

1JegnaU and Hafdon ( 1965) atmied the pre-breakdown 1oniaatton :l.n moleo\ll!.r 

nitrogen 1D establ1eh whether the 1ntluerr:e of a tranovfJrse magnatic field iii 

-equivalent to an imrease in the guo presel.ire from " \? " to pe = F ( 1 + ~~)
1

/z. 
Where n W" :1.8 electron cyclotron frequency, and ..J, e. COJ:U!Itnnt,.which is the 

eUeot1ve ~leotron molecu~ collision frequency •. When. tl1a . value ot. E/re. lie• 

wi thitl thejr.'ang~ I 51> ( E /pe ( 2. SO V C.:: 
1 J;:;n11 

, ..;> has a oo:natant valt1e eq\Dl 

to s., x 10~ p ~1 but when· E(p~ ( 1 5"0 , .Yjp must deo:ree.ee with decre~ing 

E/~e tor satisfactory agreement to -be mainta..i..ned. The poaa1b1l1 ty ot ex·ten!ing 

the concept to account for the ohnnSea 1n aeconiary 1oniaat1on and the breakdown 

potential 1n mtrogen are also diEiOUa~ed. Considering tho· different complex 

situations of pre-b~nkdown ioniea.t:l,on a~ different l"allge .of E' /Pe , they 

obecrved that the complex •1tua.tion ill{not reatricted to nitrogen so that an 

approach to the proble~ of breakdowt:'lin tcma of· .an aquivale.nt increaee 1n _gsa 

pressure 1a by no meane simple and at leaet for nt~gen the equivalent 

pressure concept ie ve.Ud within a limited range of E/~e -..alue •. 

(:S) BADIOINEQUF;NOY :BREAKOOWN IN A SU'PERIIIlioSED D. O. FIELD 

The :tti-at report ot th1ll type ot work was made b1 P.IC1rolmer ( 1925, 1947) 

who meaeured the r.f~, potentials neceasaey for tbe :ln1t:l.at1on and aai.ntaiDmee ot a 

41aoharge in presence of & d~c.: field in different gaeee •. ~ :tountl i that the 

application of a d.,c. potential ot 60 volta tQ a rtf.~ .. d1aoha:rge• maiJltairMtd by 
' ·l. 

an a.c. potential ot 60 YOl'tf:' ,cauaed~: the disobB.rge to 41eappear complete~. 



He el@l.ained tlmt the effect. is dm to ihe fac:t that when a.c. field. ie alone p:reln.t 

displacement of the electrons dl..tt'ing one per:i.od of the .oso11lntion is of tile same 

order of magnitude as, or is smaller than the dietance b~tween the electrodeet and 

that therefore these electrons can oecillaw between the electrodes ani gt"~ rise 

to a cn.mulative gemmt1on of ions • Wb.en a. deo. voltagefot tm san~ magnitude is 

oupe:t'imposed on the a.o. volttlb~t dur:l.ng one half of the complete cycle the voltage 

becomes neer:ey- eqw1 to tr.ero tmd the oontinous oecille.tion of electrone :tor . . . 

prodwtion of ions ~ olectrona oe~es due to tbim effective nullifice:tion. of 
I 

accelemttng voltage and hence the discharge d1eappaere. 

AeA• Va.rola ( 1947) superl.mpoeed a d.ce field • less then that required to 

initiate the discharge of.l a rof• potential (120 'lkJ/s ) in a discharge tube with the 

idea of has·tening tile dieollarge am obtainins. a short de1onieation time~ It woo 

also hoped ~ut the in'tens1 ty of the discht~ge should be increased by the direct 

cu:rrenta but contrary to tlU.s it was observed that the e.pplioation of a d.c. 

potential greatly :1mpeded 'the fo:miation of diecba.rge am higher radio frequency 

potential WOO l'flqu1red for in1 tiation Of the disoharge aM alao the edmi ttance 

ot the discharge wee found to be loWer when tbe bias was applied. Recovery wse 

somewhat more rapid as had been exPected. It was observed .that ionisation occurs . . 
through a. small angle at the voltage peak of the radiof:requenc;r cycle when ·the 

voltage ie above the ionisation .. ebold, the remaining peri01i be:tng ut:tUsed f'or 

the ~temating potential was applied the field emeeded the ionisation 

"!ihredlold feu: only om pe1"iod in eooh oyole ant1 tl~ ·ratio of ionisation time to · 
'111 . 

dei~sation time will· be co!l~J$.dorably red wed. The increase in 1amea.tion rate due 
to higher potential during the ionisation period ia not a~tici~nt to offset 

'\9 
thej!tlDree.Se in de:i.onisation time and so higher ~.:t. 1oltage 1e required to 

initiate ·the disch:~rge; the same effects are present during the discharge and d.c. 

bias prodwea a reduction in intensity. The experiments were comooted. at a 
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trequenc7 o:t 120 JIJc/• w1 tb 5 micro~eo. pulses at a rate of 60 parsec. The cli.oharge 

tubes had At. electrodee in an a1moephere of about 5 em ot }\ydrogen with 2(/fo Argon. 

·No q1»1nt1tat1ve theocy wae tomulatttd to .;expla1n these eff'eote~ Vamer.t.n and Brorm 

(1950) obtained the ·' eqoolity .in expressions :for electron energ distribution 

function OD1 ioniaation coetficiente for both a~c. and d.Q. discharge on tle 
. . 

aestmption that the colli•ion frequency. 1e eonatant a~ oonetant pressure which 18 · 

apecially trw in case of eydr-ogen and he11Uile 'raking the total electric field 

E E . f7j E' )VJI.: .. E . 
·. · ::: J).C .+v 2 A.c.Q where D.(."Pl'Etllnte the d.c. field) E A· c.. the 

r.m.e. value of the a. c. field and • w ' the redien :frequency,· am w1 th tl:le help 

o:t Boltr.man tre.nsport equation the eX.Prcaeionsfor all the parameters 1n both the 
1. E 2- -v 2-- 2-

casee were obtained. An effective field \vae detirled. by E == ,...... , + 2. c. 'l- EA (. e ..... . -v. +w .. 
c.. 

when both a.c. end a.o. fields are presen~. The. different pa.~tere ao obtained 

are found to be 1dent1ce.l in both the· oaac• and the ef.:f'eotive nature ·of the d•Q• 

ard· e•o• fields artt eame in "the prooeoe· o~ 1on1eation.- Tbie a1m1lar1ty ma.tee it 

poasible to mo4ity the a.o. dietrihution fun.etion theory for breakdown to taka 

account of the st.Q:H~:rpoa1tion of! a d •. o. field tll')3 tD predict the behaViour ot 

breakdown with both. fields ac~ simultaneous~~ 

!he gae 1ft a onvity Will breakdown when loasee of electrom to the wallA ot 

the cavity a:re replaced by ionient:lon 1n the body ot the gas. When the a.c. field 

alone ia applied, electrons are lo~t by diffusion. When a small d.c. •eep1rig 

field· is appl1e4, electro~ are lost both by diffusion and .aobility. The . 

breakdown conUtion qan be fom.ulated ma.thematioally by conaiderat1on ot thei!!O 

procehea• ~1¥\tion 
2 + E'J).C ""' rn.- ,-....,.-..-J)/t<_ 

repreeente ·lib;} balancing ~ondition expreeeed above when, d.c. fiel4 10 41i-ecte4 

along the z-. a:d.• ( f'Y\.... Ql. ,nmber of electron$/o.~o~~ lls 41ttuaion ooe:f:ticient, 

K • mobility coefficient, -)) • 1on1•a.t1on frequency ). The eoluti9n ot. tbia 
>. • ' • • • • ' 

equa·bion :for tl'le case ; o~ a cylinder· of axial ~1ght L and. axial co-ordinate Z1 
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radius R and radial coaOrdina:te "r" will' )ield the breakdown conU tion. Regoroue 

boundary conditions require the concentrc1tion to be small at a. boundary and eXtrapo• 

J.atea to £e:ro out side the bounda:ry at a d:f.etance of the order of a mean i'ree path. 

In the range of pressu...'T't3s to he considered> the mean free path is very mall compared 

to the cavity dimensions and too condition of zero concentration on the cylinder 

wal.ls ta(unpoaed. The eolution is _ 

%, - I~.~ (R,"Y')] [ ~ (1r/L-)t J -e~ (- K El>.<-.f./2-lJ) 

where R1., 2.404/il end Jo is the zero order Bessel function •. This solution ie 

subject to the condition 1/ 1-
f\'I:J.c. 

where 1\ D. c. . 

defims a modified diffusion length given by the relation / J '2-

. 1//\ t. c.. ::::. 'I!\').. + [ E 1>. (. 2? . 
where 1/f\'l- = ( tr(L) '2- + ( .2: 4 Olf / R )7-CJ.l~yQ. /\ = c.t-.a.-.~!.~Ni?l-.~ J..i #W:Jio-n ,le..<T'Ih. 

The/;~ difference between 1he breakdown condition. in the a..cc - dGtc. case and pure 

a.c. caoe ia ·the eubsti tuti.on of a modified diffusion lcngth1uv' (\ • It will be 

noted that tm modified d::i.ffusion. length o:f a cavity is smaller than b chal.-oncter1et1c 

diffusion length. A cavity whose electron loeea are imreneed by a ·d.ch sweeping 

field is equivalent to a smaller cavity without a sweeping field. Using the prope:z­

d1etr1bution function theory tO oalcula te breakdown and th~odified diffusion 

length presented here, a ·tneoreticallreakdown curve for an ~/!:'h. c ~f 12 volte/cm 

baa been obta1nedo. 11le relative inoreooe o£ a.c. breakdown field W1 th supe:r.mpoeed 

doc• field for air at a pressure of 38 mm., Ug. has been obtained upto ED.c~200 

volts/em. Y-to snd Okuda ( 1955) medo eome otudy of. high f!'eqwmoy discharge 

with a a.c. voltnge applied Pf:'lrpendicular to high frequency field. ~he discharge 

tUbes were f1lld with air and .fitted m th internal electrodes made of several 

materials. A high frequency voltage of 77 Mc/secc was applied to two parallel 

electrodes from out side the tube; perpendicular to the high :f'requmcy iteld, 

a strong d.c. :field is applied to a eet of parallel electrodes placed inside _the 

tube. The d.c. source has the mrod.mtm voltage of 20 Y3 and me.ximun ctnTent 

of 20 mA. During the experiment, the pressure wee varied from 10 nm Hg. to 
'-4 

tfD mm. Hg. Keeping the high f:.:oequemy f: ield oormtm1t1 the d.c. voltage-current 



characteristic cunes were obtaimd, 1lno 1aain interatiog Qb&erte.t:l.on \fU thl.lt 

in tbie system three types of discharge can e:dstt classified from tbe atallll 
~:r 

pOint of d.c. conduct1!D~~.1'he first ie like dec• glow d:l.eoharge type wh'ifN ~ · 

properties of tOO d.o~ discharge 1e. prominent With additionaltonillation 'by h.t. 

field. The second ie space charge lim1ted type, the same u tbl o:;.m1lct1on in 

the floaUng double probe in a plasma produced by high treqmncy tield. And the 
e . 

third type ie an intexmt41ate •• between the tiret ani eeccnd types which 

may be referred tD aa trSll81 tion type between the above two ~a. According 

to tbe authora' analye1s of the trSMition -eype at ~w pressure, the value of">"; 

the Towneend'a seooDl coefficient lin high electric. field can be de4UBed trom 

the measurement•. 

·Rsaqu1D ( 1965) atudied the breakdown b~ha'Viour ot/. air UDder the 1Dtlue:nce 
''· 

of a direct 1.nbnrr.ogenoue electric field w1 th a eur,;flrimpoet!d auternn.tillg field. 

With an elec"rode configuration which J'l0dl.¥)e8 an 1nbomogenou field, breakdown 
.. 

in air can occur even 1f the applied d•O• electric field ia much Eel.ler than 

the d~o• .breakdown wl,tage, if a high freq~y alternating field is superimposed 

whoae peak value, however, is still small compared with the d.o. referelX!e field. 

For this breakdown to occur, the dtlc~ field mu.et be applied eo that the electrode 

ot ~ater curvature .:f.annore ... poeit1Vfl than the other~ A possible explanation 1• 

that negative apace ch.M'ge near the. inner cy~er prevents bre&JQiown frca 
. . ··~ . 

developing. In th..i..B · connection 1 t should be noted tb&t. the denai ty of the 

mgative apace charge tskes a detiriite ·Value dependent on the applied ~1~ •. 
. . 

IJnder atatiODeJ.7 corr11 tiOJ'JIJt the negative spliCe charge , 1• r&thor sreater than l"ha.-1: 

:I.e necessary for the eetebliehment ot an 81'0~~ It the voltage QD the . elec~de 
.~-· . 

' ;, . 

high rate ot ~hange •. Th~· tor part of the time the apace charge _ia les.s than 

the equ:Ll:l.briUD Talue ant\ dui-:l.ng this time breakdown can ocelli"~: , 
' ' ' ' ' •.'• .. 
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(C.) IfJW PHESSUBE DIELECTRIC •. :SBEAKOOW OF GASflS BY- HIGH FBEQUENOY UNIPOP~ 

FlEW (e.) WI~l0'112 UAGNBTIO FIELD (b) WITii d. c. TRANSVERSE .MAGW~TIO FlEW. 

When t..lle pres.Du.re ie low enough so that loss mechani&~ is not govel"'Md by 

diffusion am mobili v t the phenome%10n of breakdown can be explained by secomaey- -

electron reeooonoe. In the high praesUI."e region the discharge is controllad 'f:.V 
. a.wL . 

diffusion and mobility, but at preesure ot the order ot 10•!$ Eo Hg.~t leas) the 

mechanisn 1s different. Rere the initiation of discharge b3t_ b1gh :f'requenoy ti.eld 
.. 

ie mwh easier. than that by d~c. field«~ ~ worke%'8 t.tave stwU.ed the case with 

~high frequency field and have ehown tmt the secondary emission of electrons 

by di:rect bombardment of the walls can cause a breakdown to occur. -~ _ d!i'fe:rcnt 

oboorvstione ~how th.llt the breakdORn phsnmnenon in this caGe depends mt o~ 

on the magnitude of the electric field flJ)plJ.ed, but also on the phase -of the. 

electron motion w.1 th reepect to the field. Under opUmun eondi t1ons. the 

electron motion must be 1n phase with thtr. applied field. ll'or the expected 

meo~sm to occur, the general a.sstmpt:ions made by 1.)m1elsson· ( 1943 ), Gill · 

and Von ~zel. (1948)1 Hatch. and Willian (1953, 1954, 1958 ) e.nd- other workers, . 

for the Bimple tmory of resonance ~reelf.dor;n, con 1n $tated brl.etly' ae below •. 

The fu..'tdamental hypothesis for t.l!ia theory ia the e:xietarwe oi' tlw ~econdQ17 

electron :reoGnanae mecba.nism.. In orde!> tr.at thie mecha.nis can be Qperattve 

:tt is mcesea:cy- to assune that tho electron mean free path and the wavelength 

of the applied high :frequency :llald are both large CC!flpared to iho eleotl"'de 

aeperation. 'l'heP'!ean free patl-1 of electron in H2 at OeO• and 1 r Hg. p~Ssu.t>e 

is of the order of SO om and for N2 :1 t is 40 om. For mathemattool. ~imz:~ci ·ty 

$. t is convenient to aseune that all eleotrons have half cycle tra.ns1 t timee. 

It ia e.esUiled t..l-tat the ratio of ·the electron arrival to emiasion\tel.ooi -ey is . 

a constant and the e~ectron emmission veloaitiea a1~ normal to the electrode 

eurfacos1 though this as$Wlpt1on. ie not an accurate rep:resentation of meaond~ 

emt~aion ollaracterietica but 1a very useful in e;etting a eimple :f'omulation . 

of the problem. It ie _:further aa:;n.med that tm elsotrie field between the 
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. eleotl'Odea ilil ·tmifom tn apace, ~a~ space oh\rge e:t~ects are negligible; that 
' > ~ ; • ' •• ~·· :· ·"·;:. ;. : • • 

eleotron arr1val energ:Les e2eeed the iomaation pote~tial of the pa, amt tbat a 

few electroDE). are prodwed randwil.1t:etween the electrodes bN' na.tuml prooesuea. 
·. . " 

The extent to which maey ot these aes\IDJ)tionat ccmpeuate in an .tmdetat'~Jl1rled rrru•~ 

tor the other procseeaea in th1e breakdown uchlm1sm if{mt clear •. 
' ~ 

An electron starting acrose the &a; between the walla .mould collide with 

the opposite walle ot tO, vessel .am ~le-e secondary electrons just as the 

elec~r:tc field pae.-e through r.e:ro. The. reversed electric field acceleretaa the 

eeaolldet7 electrons bQCk aoross the gap• The eecome.r:; eleo3J:Ons ~o foxmed by 

the initial electron moome pr~ el.eatrom for the next 1lalt cycle to tom 

. another Bt'Ot.W o:f eeconlary eleqtro~:m, wi t11 :the optimdl co~1 t1ons ·again requiring 

th~t the ~eooi¥ta:riee be foxmod ~~t as ·i.m field :reverees 1 te· di~ctiQD!. llowever, 

as. wee observed. and is nt.o obViouc · tbat a ·breakdown does not :roqui1-e the optimUD 

oondi~ona to occur, and tbera ~s a ~airly broad region at fields and frequenciee 
' . ' 

over which ouch a phemaenon may . be observed. It · ia clear from the mecbanis of 
. ' ' -

.thte type . of bre~·:Jwn that the ~ ·of gM bee got not111t't to do w1 th tllQ 

e~tro~ multiplication eri that· b;ret\kd.own field is 1Wependent o:f ·tho. nature. 

Qf .the ese, but dependS much on·tbe eurt~e .oonat1tution of ·the wall of the 
s 

., ve68el which 1~ the. o~ . source ot :Geeondaey electron;. ' . 

. . . Aimoet ,all the workers relied for their &xpianation of the observation on a 

~le thco:ey-. The theory explntns. i',.m · ·senersl treri\1 of too observations w1 th the 

help of eome ~Jmp1r1oally. determined· conetsnta. Thi! eDCt value/ ot these · 

pal'c!Getel"$ are ve;ey d1t'i'ioult 1:0· ob'liain· theoretical]¥ • the ·aotool mecbani• 

. ie ·not kl'lmm• Aa the .. pa:ramete~. hmve · got very flexible difinition, uo sui table 

valma. coUld be placed !.~or them. and rceul:te :follo'fl1ed. D1:tterent obeervere 

. ~mmed a~fi'erent velu.oe o:t the . pw.-amatere~ 
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For the qwmti tative description, the motion of electron 8lted on by a 

ld.liueoidally varying electric field of peak value Epatd radian trequencr nwtt 

' ••• (1.14) 
where cp ie the phase angle ot t..Jte secondary emisoion clectr~ns. F?eglecting 

collision ot electrons with gM atoms and asEJt.'llling the ratio of emerg:l..ng velOc:l 1'3 

to impinging velocity a oonstant for all secondary emission i.e. '%
0 

• X 

., conetantt the expression of E p for a. tube length L em :le 

EP = -w~ L p -1 ~/e 
••• (1.15) 

K+l -rr Coo q, + 2 6frrv cp 
k -1 

writin..~ the veloci~ m-ems of tba electron arrival energy U. given by 

~ 1--L = ,1. /')")"\.. 19 2-.) . the frequenr:y " f u is given by . 

~ \12. r = lk -I) . ':1:' ( .e ttjsm-J ••• (1.16) 
· r KlTL Ux1 <P 

Denoting ·a critical wlue of q; by ~tL i.e. maximising (f 'the crt tical 

values of n . f " ani F.>p a:r.e obtained which are. t-ei!W{;. as values at out off 

i.e. beyond thia point the b:reekdown voltar;e risee elm:rply to infinit'.f so 

that beyond the crl. tical value of frequeooy, the tube will appear to WJ3 

amount of hiii}:l voltage .as an ir.IS'Ill.ator. ~e governins expreseiomJ at this 

point a.-roe fc..p. A/L ~ Vc.o- = B lL 

where botb 1i1e oonstantfJ A and ::B are qua.nti tiee wbioh may be dete:rm1ned 

empirical]¥. The voltage at cut~f.t is imependent ot electrode separation 

ani. ·applied frequency. The obaervationa eo far reported shows that A~ 79 te 

the valve which fi. te some uf the obsel"'V'ed data~. 
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A good ntaber· of workem reported obaervations which haw a tail" amount 

·of ~~elt oonai•temy. Earl)' inveetigatione o:t breakdown field ·au.ragthe in saM• 

at low preeau.tee rur1 'h1gbtreque!10;f.es trom t to 100 Me/a were carri~d ou·t by .tbe 

Guttone ( 1924, 1928t 1930) ADt Ktraolmer ( 1925, 1930) uaing external ana internal 

electrodee respeottvel,.. Their p:d.ncipal obeerrat1on was tha·t the breakdown field 

etrength deoreaeed with decreasing :rrequency to v&luea aa low aa 10 "' /0'1.1 unt11 
. . ' 

a o'-'t-o:tf' trequeMy waa Naohed below which breakdown could be obta1Md oDly 

with ~sh fi~ld strength or not at all. A latter 1meat1gatton by Ibokmark and 
. ~ . . 

B81JgfJton ( 1941 ) ls:6 to a theoretical ana~e:te b.Y nmte•leaon ( t94' ). Asstainc 
• ' -1).. 

the •~ electron atas1on energy lfe~mt~berg, Orthuber 8DCl Ste~el ( 1936) 

calculated the Wlue of¢ to be l31ng between OJ ard 32.5°. Dazd.elaaon (1943) 

aeeliDid X • coC i.e. l90 =0 ant cP YUyiDg between Of:. an4 go• 8114 obtained the 

eleclt-OD arrival ellU'&V 'to fit hie observation aa U... = 80 e.. V. :fo~ altlliniwa 

elect'l'Odea at various eepe:rationa ·at frequency 65 Me/e. Gill and Von Engel (1948) 
I 

bmrever tried to vB.'rit/:f the d:li'teren't poes1'b111 ties ot source of oecuxmce. of 

the eeconda:r,y electrons ani tmir d.epomeme on Yartoue factor•• With the help 

ot obecrwatione mado by L!ueller (1945), Salow (1940) ani.. Kalkhoff' (193') tor 

ti1e emiesion ot aaconda%7 electroDe trca tho su...'rfaee ot glass, they were able 

t<> e%pla:ln 11\1Coeaaful.l1' tbair obae$t1o~ t'or eleotrona of 40 e. v. and above 

imP.a.ot emrBYI but no result is aYailable 'lor •lOwer priaariea. They obeerve4 

that the etarting field etreragth tor high frequency unifom field (unifomtty 
<1-:.l.en•lk b~weh ·e.l~c~toJ..,s, Y=Y~ios of -e.l-e.c·h·a<!e!;. 

18 obeerved by keeping 2."'f = 3. cl, the dimenaion ot .. tl-e t~~ at flic:ron Ug. 

preseu:re tor gaees like Ue t. lfst Ii2 am eir. is 1M.ependent of the gse and o~ 

elightly depends on 1 te pressure.:. By imreaaing the wavelength ( ) 4 7YV ) the 

etarti.l16 tiald var1ea t1ret 1nvertaely with the Wl\vele!lgth, then beoCEe 

oonatant and at a ori tical value rtaee dtscon·ttnoue~ prooably ·to· 1Dfin:l ty. 

The out-ott wavelength ie proportional to the dif.llleter of the ep~ere em length 

ot Ute. oy~nd.rical veesel reapeot~vely~ The dependemo ot the prodWltton ot 
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eleo·t:rone on the aeoondal'Y en'lisaion wae verified by coating the inner glaaa wall 

with t1. poor Sf3COndary emitter; tl1e etarting f.i~ld- ie increased wllile the out-ott 

wavelength ~ec:reooee, '$e reverse ia observed when clear pyrex glass ie exchanged 

for eoda glass, which a.sz-eee with tlle lllrger vs.loo of the eoeff'lc.ient of the 

seoondarJ emi®sion of the later. 

Ua.tob and Will:lsms ( 1954) tneflB\lt'e~- t11e fi~ld strength in air am hydrogen e.t 

pressures of the order of 1 micron Hg am frequen..,iea from 25 to 90 Uo/sec 

between :tlat ~tal electrodes at seperat:i.one from 1 to 4 em. Dy ewlden]¥ 

app~ing a high volta~ and then lowering 1 t slaw]¥ an upper breakdown curve 
' . \ . 

h.a8 been observed. This new ctt:r'V'e wns combined wi tb, the lower breakdown OU!'V'e 

obtained by- Gutton~, Gill and Von Eneel to £om the boundaries of a breakdown 
liV 

region in the frequeooy~fteld £rt:rength do~n. Messu:remenifs of breakdown field 

strength vs. fre1:1uemy for 7. 5 ®1 diameter mech1ned alolad electrodes at a 
'1'€-

saperotion ot ' em weti made in dey oxygen. Existfmce ot very low breakdown 
~:. ·- : ' 

field !rtren.!iJ;ths and a. cut-off t:roqt~mcy v1as ahown. It woo found impossible 

in ·thie case ·co get a. breakdown below 34 tlc/e. b measuremen·te diatimtly 
~0 ' • 

showed w lramhea ot breakdown o'lll"".re joining at cut-o:f't fraquemy rutt almost 

otherwise parallel w1 thin the pointe of observation which waa nu:rtriotod to 

50 rAc/s :for upper curve due to r.f. voltage limitation of the experi.m~ntal 

ar.rcmgemoent. The lower breakdown curve -upto 100 !-,tJ/e wa.., Sloo obtained. 

Attempts were made to lind exParimontally the snooth!'lees of the CUX"Ve at the 

vicinity of out-off .. J~xper:i.mento vlith oilve:r coppol" eleot:rodot;l il:l h.vdrot_.~n e:towsd 

that in the inJnediJ:).tet vicini~ of out-off, '!n:-eukdcwn was cvidemedon]8 by the 

appeat'e to indioate thG existence of a de:fini·te observable closure of tba two 

breakdown cmrves. Dependence ot breakdown on the secondary emission charecter1et1ca 

of the electrode eu:d?ace woo e.lso observed wi tll an a.ppropr1ateJ.y mod11'1ed 

apparatus using ale lad electrodes at a ooperation of :;. 5 em and a frequency ot 
' ' 
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the 800oDds:ey reacDaDCe IIIICbaniiiD has been obtairlet\ 1n the 8&MUl'l!lltnt of 

electron arrival t!Dir8iea rml tho ob110rvat1on tn~eaw that a •l't of eltotron 

buacJ:dng OOCU1'8e Arlctbe:r obM:rntion baa been that ot electron :ruac!lilllle 

without a.qv T111lble dioobaree or attenuation of applied wltap at preU\Il'ea 

of the order of o,os JLP&• lor a :tUed :frequency 8lld el't otrode eep(!ration, 

electron resonance hBa been obnrved oont:I.Uouel,y wUbin a field etrength 1'IIJige 
• 

appro:ld.llatel,y tbJ e111e u that w1 tb1n wbiOh T1111ble breakd01m ooall1'8 at bi&b 

preeuroao 

Hatch mil Wi111n• (1958) extended their work w1tb internal eleotroc!ee 1'.rca 

oonnnttonal half o'Fle ilode to higOOr order l!!Odee, A lllllitbeoretical pJDt of 

brealalown "10ltage ft:rau. the prcdmt ot frequomy tb!e electrode Mpe:mtion c 

using repreaentative fitting p!l.l'llllleten 1a stven for the bolt through 9/2 

oyole Jl)()ee. In addition to the cuetaaar.r boU ~out-ott, the theol',V 

prod1cte a IIOdified out-ott 1n each of tm modo t1'8llai tion regionao The buf.o 

oqwtion of undaaped electron with r.t. voltoge of frequer101. "~"~vee the tint 

amval 'ftlooity of electron et tho oppoeite electrode t111 

K 
1<. -I 

••• (1.17) 

where cp 1a the t:lme J111Ue engle at wbich eeaonds:ey electrona are emitted GD1 

cor:rellJOllllins breakdown Toltase by 

v ::;; 47f2- u d. )l-

-1-
Fo:r ~ma Talw of 

( e;rn) g?rrv 
I<_ +I 
1{-1 

U)~ 
••• (1.18) 

g?, ~· 11mit1JIS ph!Ul_e· angle 18 giV!\!n bJ ,.,.... ... 
- .{:"""'"_, r K-1 2. ] . • •• (1.,9) 
- LK+I (2:rvi)1T 

F.tml'¥ o011b1Dirlg tile espreseion tor elllotron amval enere:1 at an electrode the 
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cut-off portion to ew.lw:ro lL .. T'oooo equations are :t.ltted 'tD observa.t1oni;) 

and different C0flata..¥4ta tmltti:ing 1,.(.. are oalcule.tad Wi tb1n reasont:l'ble ValOOGe 

A~Ampte were made for :f1 tting too observations aesll!linS that di;tterent cut-oft 

pointe are. observed depending u,pon the .modes which are initiating the mechamsn. 

· Eaeh mode represents a close ow:'V'e with e. cut-off point .am a.sa\lliing aU the 

modt!e a..'l'\3 opera:tive, the cut~:f'f points of all 'the modes ere fitted Em ttle 

observ.~tion c~ to explain the m.eohr-mism as depelldent on multiplication by 

different modes~··. An attempt waa mudo ·to justify the theory by fitting the 

obse:rv~xuom of Cuttons Gill and Von l!:nt.,tC111 m'lll Hoover Mi ad thaJI e.te. The 
'. . ) . . 

Hoover_ am_ E'mi the:r•s (1955) data represent mult1pneting in a heavy partiale r.f. 

linear oocel.~:r.ator rath~iJr then in e. S'JStem designed eXpeciaUy for bllsie 

· bre~,;~kda?.n stittiee•· MulttpaoJPJting breakdown was obeeNed in a SO Me/sec~ re• 

entrant cylindricel oo:pper lirn:ld caVi ty•· Draskdov;n ooctlJ."red at 70 volta in a 

2~54 em f!P.'{u,; Different aepacta ot this mechani~ a.lro were studied by different 

authors t:rom time to ~. F.ronea and Von Efi..&rel (1953) did exterwive wo~k on 

the growth ut the c'I.D.'TElnts in this type of discharge. !.evin and Rubin ( 1961 ) 1 

ftine:i- em W:U.lit~~ (1962)~- Fouret and GUiUemard (1960), Hatch (1961 )and· 

PS$0hke (1961) -~ a,..-e .some o1; the aut!t~;s who i!westig>ated in 'V'Sl"1e>U0 
'· 

characteriet1c phenomena a.asooia:ta~ W.i:th thio type of d.ieohurge mrd~ inttist!ld 

· ~J highf'.requonoy :f:Leldo:': 

... Recent:cy ~ &1£1 Von E11gel .< 1.965) studied. the ring discharge at very 

low. am m.oda~tely hi~ p:oosem~e reepeet~vely~ . A theorg based on the secofidaey 

~leotron reaomme breakdOW!l mechnnim ~ exr}ltlin · th<:;< iii:ti'Gf.eilt toa:tm"es of · 

ring discharge: at very 'lDf! presat.:tre bee been put :to~.·.· Tlw t!:ffecta of $:.t.de 

walla· on t.'t'w b:t"aakdown mechard~ of ve1.,; low pressu.~ diseha.rg~ hBve been 



ialler and Will:isme (1962) made recent observations of ml.ll ttpacting 

diaaba:rgae subJect to e;d.al magnetic fielde of a few hundred gause wllich 

imica.ted that very large periodic pulsation in the electron Ot.l!'l."e!lt tf!l:lY occur 

1n on appe.rent]3 eteacly eta.te diaohargee Sl.1Ch pulsations occur with :f'requ.em1eu 

of the ol'der ot. a few humred Kc/sec and have· beon shown to be simultaneous 

with the pulerJtions in the light 1ntensityo The experimental dioolmrge chamber 

was of q em· internal diameter pyrex cylinder sealed to 'brase end plates. The 

electrode separation was adjustable from 0 to 6.5 em. A pair ot Helmholtz co:l.l 

~SUpplies the magnetic field. Ptr.lping ia done with oil diffusion and liquid N2 

or solid ice•trap. R.F. power was supplied at 40 Me/a from 600 w transnitter 
0.\; ' . . 

fmdr-55 Mo/e :from 60 w transmitter. Eleotron currents were sampled through 

0.025 em.- dia. hole 1n the centre ot one of the electrodes aD! observed by 
. '5"i5 

Tektronix-'f.\?pe"oaoilloecope~~> Electron current pulsations were observed with 
. . J 

r.f. omitation at both 40 ant 55 Mc/e but the f'requency"pul.sation was mt 

noticeably aeneitive '00 the excitation frequency. On tho other handt the 

puJ.eati()n frequencyme :found to be approximately inversely proporti()na.l to the 

axla.l magnetic fj.cld at:i·ength in the range ot 200-600 B600S and nearly 

proportional to the inverse equa:rc:: of the peak applied r.f'. voltage. Pressure 

variations between 5 z 10-4 and 1 x 10_, torr. etronr}]lf effected the frequency 

of the current pulsations, but no usetul data were obttnood in this connection. 

Several types of gases were fed 1n'bJ the discharge chamber by a co11t1nuous 

bleeding process, but again theil>uleation rate did not eean to change noticeably 

for aif.terent kims of gases. Argon, hydl\l!)gen,. heliun ( all imus·trial gr~e ) 
.. 

. ~ 

~ air wero uoed. Hxteooi ve al terat1ons were made in 'he external. c1rcu1 tttcy' 
. . . s 

am arre.ngemsnt :t.n orcler to deteot any external influence cav..aing pulation. 
. . so it co:~a.~ 

Pulsation did not stop o.MAeonolwed that it lies in the discharge. f1Pt,aJ 

Pulsation could be stopped by at least two weye~ First 1:t the r.:f'. power was 

1\rimreased above soma critical valtrat a transition into the bigb. frequency 



plas:noid modo occm-ed and the puleatiorw ceased. Seco~, a d.c. bias o~ 20 to 

50 v plaoed between the two electrodes also etovl:>ed the pulea~om wi tlwut sn 

appreciable ohan£,re 1n tho visml appearame of tho diooharge even with ~·f· 

voltage. \l.Pto 1 r.v. (peek) applied between the electrodes. Paschke (1961) 

in a note on the mechanim. of' tM multipaotor etfeot be.sed his ena~sis on the 

:tollowing premises {a) the f:ielde t:'inl currents are one dimensional (b) etfecte 

ot epooe charge are ign~ored emept tor one particular case (c) the applied :fteld 

ie einUIJOida.l (d.) at the onset o:r tnt breakda.vn, 1 t ie onl,y one particular 
' 

• A-"' 
velocity claus which ieAreeoname am thu.~~ responsible for breakdown. 

Integration of force eqw tion 1f = ~ E 'S~ w.l: (tve• veloei ty 

1.9-::: 't9s -("Lf/w)l~ UlJ:- -Coat.Oto) · 
and position 

z = _ (YL-Ej G01-) (~~ wt-~ wto) + tl o/ c.-01-) W~"",tJ ~ wko + w(t-,t)~/w 
where '>t 1s charge to moss ratio of an electron wbich ie emitted £rom X= o at a 

( ) '11. 
time . n Co" with a velocity L9~ = 2. 'YL V s • If the particle impinges on an 

electrode at x =-data time given by W (-k-ko) =1T l the secondary el.-.otrona of 

velooi ty clasB l9s ~leased from the electrode will eee ·the sarne field r1-long 

their path as did th~ prima."'Y eleot:ron. With su'f'f-leir:mt sacoMe.ey yield t-he 

charges Will ara~he until breakdown occurs. :Fran above the resonance condition 

1e derived ao 

••• (1.20) 
which relates tie. starting phaf)O W ko with ~ brealclown field strength and 

the 1mping1~ velocity a;t reeonnooe l9d. (2 7L VrJ.-)'h. = (:- <tL E/w) Co-a wto +~ 
The mirl1mm electric :f'i~ld. for 'brc:~lmm to ooour in 

E~. = (v:>t$,) ( w d.)ju, -If I/"'-( 4 +<r'-) 'lz. 

. • •• (1.21) 
with starting ph.aee CJ to a 32~5°. E) EmWn_.;ie n neceaea:ey but not s~:t1o1ent 

condi ti?n ft;)r the breakdown to occur. 'fne secondary yield has to have a. eGrtain 



·: ... 

,, ·, 

1•, 

-· '' ·•· 
' ' 

llint•Uii value to get the &Yalanche proceae started. The cont1nu1 v equation 

I = Io ( d to( J..l) ·relates the o~nt I
0 

emitt~ at X.= 0' in a 

t1Die 1nternll &. to to the current I arriving at a position :x. cmtr a time 

interval d. t. ~J J J.. to/ J.. -d W (-t- to) =1T > 1 
inte!Wl. at o' aro\lld the proper etarti-118 phaee 

the em1 tted electrons will move to mn resonant atate. The "boret'loal curve 

encloe:lng the breakdown region asreoa :remarkablf .well with the e:xper.Unente of. 

Hatch and W:l.l11ams. h conoluaiori to be drawn af1 ( 1 ) The em:l.aeion veloc1 ty 

distribution ot the secondaries is important tor low trequenc1ee (2) 'l'he upper 

11m1t o.f the breakdown :field ia caused by epaoe charge enhanced recombination 

of particle• with 11e em1 tting •urfacet'l (:;) The cut-ott trequency is detem1no4 

by the secondary yield at the field atrength where recombination. ata:rta. 

Hatch (1961) described tlwJ salient features of th!t multipacting buncbi~ 

and are_iUUIBtrated by plots of electron tre.~ectorlee for transit ~o ot it 
'/2 am 5/2 cycle! The Wl\Y 1n which the second~ em1esiOl'l oharaoter1at1os o:f 

the electrodes iutlue~e ault1pact1ng bunching 1e also diacueued br1e~. 
<1 •• 

by an extension of eimple mU1t1pact1n8 theory. The btmehiltg rarli1e is asst~Hd 

to be tmt range 1n the electrical pbaee 8l2&le <P within trhich seco!kiery 

electl.'OM emitted :tram one electrode OM euaceastul]¥ tra$Yerae the.interelflotrode 
. ' 

sreater than emission ener&r~; At the lower voltage limit,, the ~e :1a ~wed 
' • • < ••• f • ' 

to - 90° -~ 

riea. The e:tfeota of seooftdary erilioaion cllarac)terl.atios on bUMh1ng a:ro .also 
' ' " . ' 

discussed. Franate and Von Engel ( 1~53) treated growth of tl~ dtaoharge ~ de'ta11• 
'· 
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tbe oaloulaUona .b&ing baeecl on lmown atolfl.io data only. When eeoonde.t7 electrons 

leave an end wall a poei tive wall charge is left ·behind, which ret&rde the. 

electrons~ This iiJ important only mar the .cut-ott wavelength. DieM wall 

chargee cause the phase· at one wall to beccme· iDI;!rea&~ negative mt11 
s 

tiDally the elect:roua would fail to eitcape, aDd the multiplication would cease, 

which is contra:ry to experience. l~ver the growth can be explained by consideriDg 
'l'\, 

the velocitY. distribution of· the secondary electt'OWh Then a· dia·tribution ie 

phase eDDu.e, which muat &ee. repeated in cwceaaive half cycles tor en avalanche to 

develop. During thie tiret · etage the curnmt is therefore eaaentially controlled 

by secondar.r eJiimsion and grows exponentially with time. At these low pressures 
'l't\().."l\'0 

electrone rtl:l'e~ collide with gea molecules. Thua the electron must make BV' 

transite acroaa the vessel to form a. larse. n'laber of positive ions, b ione 

rematn almost stationary in the g~, they are near]\y UD1forml.7 distr;t.buted 

although alightl.J con=entr.ated at the centre ot·. the ve•sel. A second stage in 
. . 

the growtl(of the diechm;'gS }teg1ns when the ion apeoe charge :firet appreciably 

af:t'ecta the motion of the electro~~· Although electrons are otili prodooed 

118-inl,y at the end walle~ 1he ra·te steadily decree.ees os the ion apace charge 

grcms. The rate of prodmtion ot ions am elec·trons in the su aleo decreasee 

and loeeea o1: both iom and electrons due to aelf :repula1on becane importe.n:t~· 

The current thua rteee mo:re slowly than 1 t woula 1~ space ol:largee did not 

develop until 1 t reaches a coutent value~ It ie showa that at very low preasures, 

this eecond atage may not be reachedf. because eelt repulSion of the eleotlme 

atops the development earlier.. Tn.e t!nal equl.lbrlun eta:te lor large p:reesurea 1a 

DOt iboltrled 1n this treatment. 1'bie theory predicts tbe. depe!'Jdome o:t ·tbe growth 

on the material of tbe we.llll, on the. nature ot the GJa8 and ita pressure, and 

the effe~t. of the tield gtteater than the Bturting field. A now f!;Eper-J.mental 
. . 

technique haS been employed to meseure the ~w."l'ent actually flowing acrose the 

external electrod&e by a bridge method, the b:ridge becomtn& lm))l.ll.omed when a 

cur:rent tlowe ~ugh 'the gas~. 



"'­
\ 

larras ( 1966) stu£11ed radio:t.req~noy breakdown in Penning gecmetriea with 
, ~ ~ 

oonl.1nea:r fields. R.ll'. breakdown in 81r w1 th~in the preeeure range ot 10 to 10 

torr. 1s etudi~4 analytically rukl experiraentally tor two electrode contigmoatiou 

which lead to nonl111eer Mathieu like differential equattone tor the confined 

electron motion. Expe:r1mentsl data are identified w1 th 1Jro euerQ gain mechsnilima 

which are deocribed aa the ooll1e1onal am resonance modee •. Breakdown voltage• are 

predicted from etabil1ty plots which ehow eeveral reaoname min1ma where the 

obeerved radio:troquency breakdown voltages are very low. Resonance minima predicted 

by e. lil2cnr anal;y'e1e are shifted by nonlinear effects, tran which it :la abown 

that the col:U.aional mode 1s appa.."r"ently triggered by excitation ot the ?.7 e.v. lnel 

of the nitrogen molecule wl th aubsequent electron emission from • aathode 

aurtace. The resonance mode ie :f'ouni to be largely eurtece 1r¥1ependent. 

Though a eubatantiul amount of work on the seocmury reeoname has been do:ae 1 

yet very l1 ttle ie re1X>r·ted a.bou·t the influence of external fields on 1bis type ot 

breakdown. The works ot Koasel and Kt-ebe ( 1954) end Huber, Omld. and Kleider 

(N1Mrk ~eertMl ~ ~J'Pitt;,\:,u~ ere worth mentioning in this 

respect. It has been fotmd thn,t euperimpoeing e. d.o. elec,liric field parallel to the 

high frequency field, starting can be made. more d1tficult. ·A small static magnetic 

field porpondioular to the high b'equenoy· e~ctl,'ic field, 08\11!~8 a e,eneral im:reaee 

in bre~lkdown :t'ield am a lowering o:r· the cut.O.Off trequencf.t but leen• the general 

ehape of' the electric 'field Ya., wavelength CU"t"Ve unaltered,,. In large ma.gnatio 

:t1elda, the :"atarting potential is almoa't; 'ilJ:lepe~dent ot :trequeney. ·A discharge at 

ver,y low pr~~aure., eav at 10_, m IJgt o~e -tar.tedt: can be put out. by either 

:l.ml"'ai!Sing the electria :tie14 Qr decreasing the magnetic field~ Itttle light 

was thrown ~n the meohsniaa of ths proceseee under the obt,Ulged experimental eetup~ 

Deb and GoiWami· (1964} investigated theoretic~ tbe!Problem o'f secondary 
. . 'f . . . . : . ' . . . . ·. . . . . . .. . . 

eleotro~&.O~e breakdown in the: presence. ot._a eteady. traneverae ·magnetic field 

following. :the method of Von Engel :tor e:imilar di~harge. w1 t}lout ~b/f.1eld~.:· Curvea 
' • ' ~ r , • , c ,"-' • , 7,,~1 • • ,-
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p'Ying thtt bre~awn t1eld u a ~tion of wavelength with " o(. " tbe ra,1i'J.o of the 

oyolo·tron frequency to the tl"equency at 1Dt applied field, have been drawn. It wae 

ehown that with 1mreaae ot n o( " the breakdown tield tendo to increase and 

the main region ot the curYe is dieplnced towarde longer wavelengths. 'l'he 

1ncrease 1n bl"tlakdown field wi tb a given cheu'lge in " t?( " is found to be more 

promunced with the higher order modee ot discharge. The etfect of fl't2g].e of arrival 

at the end walla ot the charaed om.'l'1eb on 1he breakdcwn mechaniem baa e.lao been 

considered. na.sulta ind1ce:te that the et'fect ohould counteract apprec1ab~ the 

atoraaid tendency of the· breakdown field to il'Ji:treaae 1n the preseme of a magnetic 

:tield~ The eo oolled cut-ot'f. vslll$ in::re~es with. inorease 1n " o<.. " and 1n 

contrest to the aitue.t1oii in 'the absence of a J!lagnatic :f1eld1 might de.tt.n. either 

a long or short wavelength iim1:t of diecharga depending upon the value of flo( " • 

(D) . :. :· · RADIATIOlf FROJI GIDW DISCHARGES. 

Th8 radiation emitted b7 gas .mol~culea after e:mi tation by ooll1eioh. hM been 

tbe paramount l!lO'tlrCG of existing knowledge about the internal etrueture o£ the CJU 

aoleculee, about the enviroment 1n which the ga. moleculee exist, and about the 

atimula·ting collia~ons themselves. Rad:lation from· gu d1schargell hu aupplted 

lWans of JRasurin.g atomic ab\m!anceu, 14ent1 t1ee and oheaica.l retaetion rate e. 

· An understanding ot the radiation from PJ!1B diachQrgea rests ·on tbe elucidation of 

two aJeperate steg&e in the proceee ( 1') the release of energy aa radiation by 1he 

gaa molecules am (2) ~ deliveey ot ener~ to the gas molecules~ ~h a~ o~. 

~leculer apeciea radiates a cha:racterietic aet ot trequenctee which are governed 

1? .y .. 
""'- ) \.. 

E· -E· .) l 

'.the pro~:lli ty per un1 t time that euch a trona:t. ti~%1 Will occur apontaneo~~ 1l'l 
. - ~ . - . 

where 
X·· J L 

·. \ .' \2 'X··l, . J . 
• .. (1.~) 



'ia tbe matrix eleaent ot the dipole l'llCIIlent for the tranaition fraa· E j to t l. • 

Moat cozrmonly ocota"1ng radiations . ere dipole :ra41etior., but tr~i tiona which aN 

forbidden in; dipole radiation by tbe 1~ent1oe.l v8i:d.ahing o~ :X. j t. can 

aometmes be observed weekl.¥ in q\iadrupole or magnetic dipOle radiation with a 

pi'ob~bili ty which 1e roughly in the ratio ot ( ~j /7\. )2 · to. that ot an 

allowed tt-ans1t1on~' llere a...; :I.e the orbital radius of the upper etato• Bztraneoue 
. ·. 

t1elde can permit forbidden trsnaitions alaoe 

If the probab111 ty per un1 t time Qt apontaneoua emission of :trequenoy .) b7 

a aingle radiator :I.e known~· ~ t ie 1n principle pc)asible to compute the 1ntene1 ty 

ot radiation~ IDw pressure gq· d:Ltchargesf' deepi ta. the real ca:apl&xi ty o-r their 

· '· energy transfer proceesee~ .. are siinple to analyeE:l when compared with the vastly more 
• ' • • • ' • •, ' < ' ' ~. • • ' : • ' ' • • 

complex situation 1njoorreetr1al high pressure disohargee. or in ete~lar atmoepherea 

whether at high or io.r preue~· these'.1ast beins complicated by their vast exteneion 
. .. '· ·. . ' 

over apec~ .. A workitig ari~r~on' to.r a ].(,~ .Preastil'e gsa diecbargef' :f'.rolD the optical 

point of View, can re. that it ehoul;d. m'fi apprea:iab]¥·.reab~rb :Lts. ra,.u.ationa. or :Ln 
' ' ' ' . ," ' ' ' ' 

other worde that spontaneous emission 1• 1 te. aole . radiation· proceea.!· , 
' • • ' • • 1 

For those ~i tio1.1s . w_h!oh pass ~D!ered . ,through the. WW•; the analyaie of 

radiated intensi t:; is etrai~t :fo~,~~ I~ N j refer• · to the population of the 3th 
. . . ' ·. 

em:l. ted state ot the radiatdr,·: then 'the eaae~tial changes in thiq'population will be 

brought about by radiative . tranai tion to lo~~r etatea;; radiativ~ ~1 tiona trcm 

upper states,~ abaorpdi.on of b].o()kaded around •tat~ rad:lationa,· aDC1 collleion 
. . ., ',_ ' . . . 

tboH atateu ·which radiate to ~he ground etate , .. then aasun1ng that tbe ditfuaion 

'tree:taent' ol blockaded radiation ie adequate't,' a ~oni set ~f equation 18 Deeded.-
' '.. . . ' . ' 

j)")) y'2. f · + ~ ~io l A j
0 

N j ~··; BoJ' f NJ ., .. (1~25) 



where ]) :)) is e. photon diffW!l1on coefficient defined ae c; '3 p_ wbare "O" ie the 

velocity ot light am R te photon absorption coa:t'fioient. Eliminating the 

abeorption tiara between the last two equations ·and saslllling that the g9e denei ty 1e 

la.rt;,"e enoUfib that tJ.1e photons spend mooh leas time in the :f'ree eta.to than in the 

radiators 
N· 

) 

c:ne set ot equations can be obtainad att 
j-1 

1J3 "2. N; -l Aji 

i=l 

N· 
) 

w~~Yt J( -Y;i..J """"'"'oLI--"YO'"rr'"-kc. -yo.J.ia..,.,-l-
. ..Q...,.._.eyla J.t. ... ,.'~ . 

p :: rolv.~-1-: In' -fu.,,J,'~n-- . 

~ 

+ IAKj Nl<. 

!<..=)+I 

Elatation is the primordial souroe of all radiation from gas diechargee. Radiators 

in sn-:::y state ~ abaorb the ld.mtio energy of impinging particles an1 go over into 

h1dler energy 11tates with a m:in1mm of reetriotion by selectton between states 

~or Which the reverse radiative transition ie allaw~d. 

Experimentt:ll tmflSuremente of the cross sections which gee mol4!lculee offer to 

electrons for var:looo exoi ting transitions have been carried out along two general 

Unee. First, electrical measurements have been made of the frac·tion of elec·trone 

which have lost discrete amounte of emrg;~ Second, optical measl.U."'Gmenta have been 

I!l!lde o:r the nunber of photono of a given epeciea emerging from a gas throygh 

which a known charge has passed. Both methode ere d1ff1cult and the :reaulte have 
e, 

proved quantitative~ diaoomant With each other and with theory when(lver quanti ta• 

tive ueaeuromente hnve been possible~ 

There are di:f'te:ront processes of e:xci ta tion where the higher emrg levels are 
--- 'Y-> 

pojUlated~~ The electron impacts of the first kim ... where electrons collide with. 

other partiolee to give its @XCita:tion energy and "!he p:roceaa is ~emed by the 

relation 

••• (1.27) 

where N1 and N2 . are conco~trationa of colliding particles or both epec:les1 



\ 
I .. 

). 
f 

) 

U.. tbeiljnean. relative velooi ty and.' ~ 1e the raU, o:f production of the 

alteNd moleouler eta.te. Excitation by massive particle impacts have got 

radiat1on e:rtecienoietJ extrerrely low OQmparad to tt-..o.t of electron ard :tt is 

eaay to eet up eubaid1a:cy prooesllcs involvi~ impacts of tree electrons which 

will mask the desired effects. 

Ip. ·the prooaea ot excitation by absorption of photons 1t ie found as in 

the emission ot rad1a:tion, tho selection rules appeor to ·govern 1 t8 absorption 

r1go:rouel,y. Apparant deviations bave always resulted 1n the diecoveey of 

$Ubsidiar-.;T proceee it1Volv1ng other eyetene. ~1e role ot volune recombination 

into exc1 ted eta. tea proved as having vcrr; minor effect both eleotr:loal.ly mxt 

and 1n the prodwtion ot rad2.at1on at low praaem:-ea. VolU40 :recombination of an 

electron., + v~ ion and photon system and pos1 tive ion negative ion system w.w be 

looked uyon as potentially loading to radiation~ Voltae recanbination in aw 

of i te for.ue,, while inconspicoous 1n aotive d1schargee, ie the p:romimnt _end 

unique SOllrCe of radiation from low pressure after glows. In complete genemli'Q', 

the problem of the fl~ of population of s;rq one etate muat be dealt With by 

finding tl:lo flwrse for all sta.tea. In restricted cueee however, it is possible 

to deti~ a oatJOading cootfic1ent which mllkee the general eolution Ulmecesna:ey •. 

'lhe reetriction 1e fulfilJad. by ( 1) electron em:L to.t:ton frail the ground atate 

(2) :recomb:imtion p:rocea!J (3) oollieiona of the second kind between fo:t'eign 

radiators end ground state par.tiolos, whero the neceaeity that the original 

populo:t:i.on o:t each atate be derived from n oouroe whieh ie independent of the 

1nd1T1dua1 exc~ ted eto.tc popule.tions iQ fulfilled. Thti prooess of caeoa.ding ie 

:lnportant to epon·ten~tous transition trail the upper etatee ot a rad1a:tor to the 

lower eta tea which furlti.sbee a significant portion, al thoUBJl not a major portion 

of population. of each state~, 

~e chief process ot depopulating level..s is almost im"ar:lably spontaneous 

emission. Coll1sions ·of the second kind a:re ale~ a depopulating process as well 

as a populating process. Sometimee the result of the oollision :l.s an em~ ot 
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•tatea in which both populating and depopulAting prooesaea f'igln'e. ROaaler and 

SobOnberr (1939) etudied th8 radiation o'L Hg ( b.3 ~ ....... 6
1 

So ) ae a 
. . . 

tunotion ot pressure and current lmd identified both preszure and current 

dependent losses which they attributed to coU1sioM ot the eecond kind With 

neutrale and electrons reape<:tive]\y. At large densities malV workere have 
1Jio\, 

.observed thnt a marked deoraae sots :ln,.the intensity of radiations trcn 

disohargee. 'lbis ie special]¥ :1ti-ut of the inert gaaee. In hel1m th1a decrease 

eeta :J.n at approximately 2.5 Dl• Hg• Lteyerott { 1944) opened the Wfr9 to an 

tmderstamf of this process by the suggestion tbe.t the population of &
2 

ana 
+ . 

Hj2 and preataa.b~ otber aoleouler ions might. be larger than preViously estimated. 

Bate• ( 1950) euggested 'that the large mio:rOwnve recombination ooet'tic1enta could be 
. . + 

understood aa d1aaoc1at1'Ye recombination w1 th He • Phelps and BrowD, ( 1952) 1mla- . 
+ . 

ted large qUlUlti ties of Hi t'rcm heliVD dieoharges at 5 ••. Hg. pressure but 

totml little at 1 mm. Hg. Hornbeck and llolnar (1951) •uggeswd tOOt the appearenc• 

potentials ot molecmlar io!lfl in noble ecaea could only be explai.~d by the· 

eXietance ·of a coll1a1on process of the second kind in which em:l ted bel1t11. 

atoma tomed molecular ions upon collioi,on w1 tb neutral a1mla •. Fowler and 

Duttenaack ( 1949) had .p:mpoeed an unideti.:fied process of the seco%¥1 ld.Dd u .oM 

pQaa1ble caue.e of the intensi v decrease but d:lacounted the poso1bil1 ty becaUH 

ot tm auppoai tion thet it would require desradation of the entire •201 tation 

energy in the kinetic tom, in defiance ot the Franck..Condon ·pr1noiple. The 

clependence of the 1ntenei ty ot the spectral linee upon_ the tube current wae 

1nveet1ga:ted at both high and low gae deneities holding tube potential oonetent. 

The relat1onehip waa tound to be lincl?.r within the experimental error between 

the extremes ot 1~4 x 1014 aDd 2~!) x 1016 atoms/o~c. rrbte relationebip wae 

observed :tor all type• of tre.ns1 t1ons and over a current range from one to OM 

h~4 JIA. Th18 has been further extended by the work· of Ieee who :reporte a. 
l;r 

liDaar dependence exietiilg os loW as0!2 aA for all transition&. Spec*al 
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intensities ae a ~tion o:f gas density of particles per unit voluac ware 

investigated over a. wide range of demoi 'ty extendil'2g frcm 2 x 10 
1~ to 1 x 1018 

molecules /c •. c. holding tube cur:ro11t e.nd potential constant. All the demi ty 

va. intenai ty curves have eaoentially ·the same fo:rm, rate o:f decey and location 

of the maxim1.1lle One outawnaing exception is found in the 2 3 P - 3 
3 

D 

transition which bad a broader aax:imtm snd slower l'n.te of decey than 'the others• 

Tr10 ma:dm\IU was located at about 15 •• Ug. presau:re about five times the value 
0 

fm.u~ for other transi tiona. Since thia transition corresponds to 51375 A, the 

anomaly loads to a p:ronoun.ced ·color J-ange in the dir::chert,te between high em low 

preesurea, the high preosm"e disch0.rge being yellow, while the low pressure 

discharge iS blw1~~-. green. Me~ments have be~n made of the intenei ty of 

rrutiation from the low volt~ge arc in heliun as a :~."unction ot: gas denai ty1 

tube current and tube potential. The e~:dment~ resul te imicete t.~nt the 

radiation 1a the result of' a primary electron process. This. procese baa been 

gengrQl~ seamed ·to be direot e:xoi·tation.. Sooh ~ explanation is not tully ~n 

accord wi ih the phenomena observed a"'l so poasib:!.li ty of an unrecognised 

prooeea hoe been auggee~d. 

L1 tt~ or nothing has been reported about the :t>ad1ati(ln :from Townaend 

discharge. Cragge and Jotte ( 1947) indirectly showed the zresame of high eMrQ 

photons 1n thisjtwpe of discharge. It IJ is ·the nunber of emitation to etate j 

per unit )J,ngth of electron path defined ae 

No )~ oj !,<_ :0 ,P ( lL) d IJ.-

U r U-'l. <jJ ( t,L) J lL 

Q 

where U ia the drift velooi t;y :f.or eleotrona in the electric field. present, and 

¢ L\1) ie~ electron distribution compatible \'11th the field, then the energy 

of radiation in a transition -.)J· t, ie given by 

4 v-. A · · _L_ (-e ot.. x. - 1 ) 
Jl. .)1.. . oL 

per avalanche of' length :X • .F.rom thie basic ezpreesion the power radiated can 

be oaloula ted in the ve.riooo eventuali t1eo which '!!J23 Arise. 
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The radiation propertY of the monoenergetic electron dieoherge wwa studied 

and utilised tor different purpose of tooaa'U:l:'(!roon·ts. :tf.axwell ( 1928, 1930, 1931, 

1932) fo~ that it woo possible to ~eteot the life times of ionic excited states 
s 

by eide~wi>:Ie shift of their radiations in the applied electric cross field. 

Intensity ·variation of the epark lineo doo to the motion of the poai t1ve iona. wae 

the main problem· of obaorvation • Spark ~a dl» to a1tmlY and doub]3 chnrsed 

ior..s allow a variation of 1ntena1 ty along their length in eooh a ma.nner that 1 t ia 

"" possible 'fn diat:l.ngu18h tem from the arc lims. It ie also possible to differentiate 

between the!J.inee of the firat and oecond spark opectrumo Electrons in mercury 

vapour VIi tb veloc:i ties greater than the ionisation poton·tial were confimd into 

a beam by a. magna tic :field. The light produced wac projected on the alit of a 

epectroecope with the direction of the belW at riBht angle to the slit. 

Perpendicular to the beam an electric field w:l th:::drew poe1 tive ions before they 

recombined. 'l:he intena1 v of the arc Umo was found to be independent of the 

electric :t"ield which 1n.1icatea that recombination contributes very little to the 

formation of these lines~ 'l.Wo sets of expoBl.LY'Et$ of different spectral li.'Y:lS with 

ani nthmJ.t croeat field ware taken and compared. It ia noticed that. the arc 

lines an1 the lines of the first spark spect"rool are une:ffected by the field 

while the lines due to ·the doubly charged ions allow a change in thn1r intensity 

distribution. 
' 

Du.ffendook and Koppiue ( 1939) examining the radiation from negative glow 

found thut intenei tie a of the :family of transi tiooo ending with b 3 P jtatee 

1noreooed according to an ex_ponent1al saturation curve v1ith mercury concentration 

and incre<-1Sed linearly with tube current. Aseuning in steady state o:t' diooh?.rge, 

the :i.ntonei ty of a spectral lim due to tho transition trcm state .3 to etat.e 1t 

of the a.tan Will be propor·tional to the concentration N' J , o:f atoms in the 

a tate ~ t the probability of trans! tion t\ jk and the magnitude of the light 

quanttn ~.)) t.€ · 

and in terms of tho current i , passing throue;h the uiscill!rge t it woe 
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where: .. A~ ie a. mult1pl1cat1ve constant, " F." ts the pressure in=~. liSt "4" 1• 

d:letance between electrode a ftnd 'A 1 E . = &Yer~ mean free path tor the 

excitation of the mercury atcxa at unit presstlt'e .:..e · 

(ofC And 1 m. ~· ) aDi when mercury and other fereign atom it;Preaent the 

formula wae lliodifted to 

I»· 
J 

= A. 'L. 
••• (1.31) 

\JI 
where 7\f\ 1e the a$9rago mean-:r.ree path of en electron :tor excitation of a 

foreign atom~ ~'M is the ave~ aaan free path of M electron for emltation 

ot either a mrcury or a foreign atom. At the deneities studied DO reversal 

wh.ataoever. waa observed~ In aimixturas of at'gcn, 1n addi tlon to tbe sse eaturats.on 

b4tlmTidl-, e:m1 tat+on was found to oo apportioned. between mercury and argon in 

. the proportions ot their l'elative abunda11oes. Everything observed wao 1n complete 

oocord with thfl }Wpo·theei• that monoenergetic pr.J.mar,y electrons in £l tixed tln1• 
numbers were expand.ed in s.ingle coll:la:Lons to tho extent ·to which the abundance 

of obstructing molecule• permitted. Aaau:ning monoenergetic etrelJIL o:t eleo·trone 
i/e. . 

he.ving ·a partie le current deui ty ~the nunber ot loesea fran a un1 t a...."'€! a ot the 

beea in a distwxle J.. -x. IV() 

J..i 
e 

&M ie equal to tlw ohant.P of particle o~nt density. Integrating 

..... (1.32) 

. .; -oNo x 
-t, - ~,..o e •.• (1~a3' > 

ta the eq\ntion ot decrement of the pl1.mary electron a treaa. 1he cross Bection 6 

te the oro!ie eeotion tor all n1gni:ticant eoorgJ· losses, :l.on:l.sntion plus em1tation 

of all kiDde, 'lbe power radiated per ~ t volune :i.n any transition e::m1 ted by tba 

electron etreBM is now given by 
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Integrated over the whole etream tree catl1ode to anode the ~er r()..diated 1m 

a 0: T ( ·- oN oX ) 
V· · · ~ -)ji.. · ~ · ~ 1 - -e 

JL . 0 £ 
wR.2. ... e ., ~" .,..,..._eo:r..v.Y~ -),-"'-.....,.,;+.;~ t--.obo.\,il,·~,·.e.-,. 

\!hile the theoritical dependence oontome well with ·the experimental result, 

the total elatation oroes · section 6 :requil'\!6 by Duttendaclt and Kopp~ to 

t1 t their curves is eurprieingly large. In the rooiatione stimulated by 

monoeuer~~Stic eleotrone, general opinion :fawn» direot electron e.mi tation aa 

the chief meohen1001 of populat1.on rathe~ "t:'len recombination. 

"lll0 thermal electron disohargea m'e poe1 t1ve colmma of glow&p 61'C8 and 

oparta, high frequency di~gea and anode glows. Analyaie ot the radiation 

from thermal discharge• must be made on a boo:W of electron concentration and 

:1. te veloci t;y distribution •. Diecllargeo 4."6 never tm1 coo never be in true themal 

equilibri\11. Experiment sbowo aiXl theory euggerrrt9 that 1 t ie :reseonably aoourate 
1:c. 

'00 aonaider the electron ~perature, which governs the velocity distribution, 

constant over large regions of the diachare$. This io beoauee tho electron 

temperature ie almost directly proportional to 'the electrostatic field 1n the 

gas am the electroetatic ~ield ia tangential]l' oonatant nt :to aut from 1 ta 

conservative properties~ Further more,· in the absence o:f space charges which are 

UB~ smg.ll in~gions where the mal elatation predomim tee,, thore can a. no 

change in the normal component either thus ootabliahing the contli tiona fer 

constancy ot electron~:pera.ttE"e. A fair]¥ general theory of thie type can be 

based on an asetlllption of separability o~ apooe and velocity dependences ot the 

eleotl'on 41etribution to give the number of p¢rnar7 electrons 

having velocity U..-x 1 1). d I u. l.. 

u 

cl N - = N'- ( X.. I ch i ) J ?(_. d d. d l . c:? ( u?l.. u ~ . .u ~) . c.lu.7L· J u. (t. cl u.l . 

The prodtlltion function can now be written for elatations of a type governed by 
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th6 oroasaaection 6j ( u.) per un1 t voltm! p0r un1 t time 

fJ 4-rr N_ f=LL3 0; cp. J. u. . 
U...rm;'~"' 

LL (u_~ -+- u; + u~ ) 112-

am electron\wlooi ty 1& ssetDad much larger than molecular veloc1 ty. Since tile 

major portion of diechat·ge c'Ul'l'ent density 1e given by the expl'fle&ion ri ::: € N- U 

~or the electron current density at least in gasee W'hich do not attach eleotron~~, 

~produet1on 1a directly proportional .. to cUtTent density, aD:! 1:f' radiation 1& 

th'f:hief enorrg losa mechooism, 'the radiation muot be proportional to tho cu:r:rent. 

1;!ooh quali tat1ve ani ecmo trul.v quanti ta.tive kno\'llledge. enet ooncem:lng the 

radiation 1'rcn the glow diacharge~ A large port ot thie applies to, the poai t1ve 

colunn'which is by for the mo~t npecti-acular reston of tho d1echnrge~ !ngetl'OCD 

found that- ·the radia·tion reaching a bolometer tram 1ho pos1 tive coltmm was a~ a 

few pe:roent ot the enerQ,. eupplied to "the colum. eleotrioally proboo~ because the 

tube walls faillad to transmit the bulk ot the rodiation of 'tile diacbarge. _Penning 

(19:56) has made an analyeie ot the energy losses by tha tlliilnnal electro~ ewam. 

P..e fimB that when an electron current movee throueh a gas, the energy reeeived 

:f'roll1 the electriC field ia part~ lost in ooll1sioQS with. the gas molecules. An 
. . 

1ntinite~ ana.U eleotron em-rent rt 't " flows in a. ~t,l9nous electric field 

E which c~e occu:re in· tbe starting of a glow diecharge between lerga parallel 

plates et not too h1g11 pressures~ fi"'m thepbservat1ona 1 t :1.8 char that 0~ 
s 

tor very laR values o:f E/ P the el!'JIJ:rgy transfer in elaet1o collie1olll! iil 

tmportetnt which may be treated to a certain extent with the olaaeical. lats tor 

mechanic&. col.l1.Qiona~ At lligber values of E/p h.owever the conduction ot 
-il 

eleotr:Lcaliy through the ~as is e,tlVerned Wholly by the l.e~Ne of qwm:tieed Gnergy 

tranafer between electrons, molecules and excited mohcuJ.e~~. 

Jfodgtte an:! ~cbele (1928) e:mm1ned the p~osure deperdeme of rad:!a.t1ono 

:from poei tive aolmn ot heliun discharge." b absolute aod relative 1ntellll1i t1ea 
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. ~~f tbs.rteen l.tl.'.a• · ot th~ 1Wli~ apec~ exwnding tbro~ t:he via1blft resione 
~> 

·haft been meuunul by a modi~~ ·_ati~n of thO m(thod developed by.Oml!te:ln (192$) 
/'' : . . . - . . 

.and. Dorsa to ( 1925 )~ T'~~ ·~ comd.ste4 1n oCJD~ each line _dtrectl1' ~i th b 

km~. em.esion :~···~ ,augettm :tilEJHn~1 operated UDder cOnstant. condi tiozw. 
. ..- . . . . 

. ~ TO&\ll,tl for & , liiCbarae tn a capt~ ~e t ~ tb prf!l!Jfll.ll'e8 fr<lll_ 1e 92 to 34eS . -~~-
. . /;'' ' . '. . ·, . . - ! 

show_ tb9.t .tbe abeolu.te tntene:Ltiee lmresae rapldl1. to a ma1d.m1.11 tor pre•sure• t.n 

· · · the . De1Shbo~ ot 2 .. tO 4 im, below which th~y tend tower4. •ro• ·.The . nlat1w .. 

iiiWIIIittea ~ \ef.Dslet •-..;,. ~ bJr lOwered p.....,....,., mill t11a ,lliabft 
••oor• ot b tri))let eJStem ·are like~!* taYoUl'ed over the lower membera, wbilt 

. '· " ' 

tbe relative bteDsitlea wltllin tba a1nglet.eer1e~ ah(JW little et:teat ot pre&BUl'e• 
. ' . . -

:Followifis obee~ation ot. ~ld ( 1925) that the e'fttciency of •m1 taUon of a_ 

·slven inititl1etata :ls._erenteot nen the energy ot the ndi'MI:Ig electron 1• oDlJ 
. . ' '- '. ' . . 

•118ht~ gres:.r. k that. Meded to excite that 'etulte 
1 
theY' obWned the probab111 ty· 

c • ' ' • • • - ' ' • -

ftlation frta id.m_ts.(j · thl!lor;t oon8idere.t1on u 

. :- v, /~a- .·. ~v2 14?f 
' ..e . ,• . ' - -e. 

Wbire for a etven ·state w1 -tb. ~mr~. V. · •11 be -exet ted in moot -oaees by e1eotrou 
' . . ' '.- . '' ' -' ·- ' ,, 

Wbich Mvej-. ~t the. time Of .. iflpact:j:,aQ ~J\el"eT between that ··neceSS017 tor 
"' •'. . ..... ' . '. 

. ' . ', . ·: ' .. - ·. ·. '" ., . _.· . 
em1 tation of thie ate.te. ana: that or the •'t htsber etate V2.. "a" is tbe 

pc)ten~ial IP!'adie~t. til .. the ~e Bl'ld ~"· ~e the. el~tron mean. tree pathi ~ 
rela:tton though d06not a&t'H qwmtttahft~ ye~· ~ve~ the general Vfle/ ot o~·: 

• , • • r - ' , 

Obtaill94~ '!be illdio.itioll8 .,;, 11mt tbe too F?Q.$08.· fJ8 (1) -d:f.ooooiati.rte l'eComb1na;_· :UOil 

-Q1';.molecular'belt.a iona aftt. (2) colltttiOM ot·em1te4 etatee with}neutrw l\ft 

.... u-.e ~ .. alllo"' h __. .. t ot tba llJ>por ~plet lltatoe te rretMdab~ . . 
. :l:t ~··•, (2) _1e active,:· eince the ~nerg deficiervs7 ~tween oo:rlj'eapond:Lns 

eiDglet and trl.plet leve~ :!.a leas for, the hi~~ _J.ewl$~;;_ . . _ t .. ~~ '·-
Parldneon "( 1951} obaerved 1nflerttsting. hf1.~tW1our. ~n a· 15 _,., ~Jternating 

our.rent slaw diecha.l:ee 1n l}1r ant noble gaeest:-·and ·esl'ec1at~ :tn ~11'111,, whex. .· . . . , . 

. the molt~Joulilr ion aeems to p~ an i.mPQrtent ro~!;'. Obeefting the ligb:t in frc:at 
!: . ._, -·- . . ' ' 

' , ...... 

o:t. one eleotrodecWbtoh 1e altemate~ a ostbode .md ·an·'~e;~ Parkinson fold 

that the neutral. molecular band •pectrt:a w~ a~~ .a\Jl!'i.ng·.~t~~;;~~ ~rio4 ,_ . 
• c • • , ' - ·,: ., • ,, •• , •. • ' 
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a114 absent during. the cathode period• At the e:ne. u. atoad.o racl1ationa were 

ob•ernd which d:S.apl.f9ed tbl eEM after &].ow 4eo~ behaviour u the moleculer 

band• duriug tbe emode cycle, but tonOwed tbi, discharge current wave :form 
. . . . . . e 

during the cathode ··cycle. low leftl eirJg].et trana1t1omt abowed a porponderence ot 
· · -' 'Yes ·. • · • 

cathode cycle c\ir~nt gonmed f;lp()nae over anode cycle after glow, but hlP. 

level tr1plete have complete:ey ibe reverH . be~our. Parld.naon :tourd that all 

dec 83'S ocoure4 With the Ot.We time cozwtant ( 35flltl0•) • IJ0 toUDS also- that ~-

1ntene1 ty of the molecular and awmio ~ter glows decreased very rapid~ w1 th 

preaa~, ~-would be expeoted tf the the three boar prooe~~ of moleoUler ion 

formation were tm contributory oaae •.. 1'118 U.gbt .. trom the eleotrodee ot an &P.SlDW 

418cbarse in h8lit111 1• totmd to be particular~ rich 1n 1he a.2 epectrta. 9.'hia. 

lisbt ooou:ra at o.n 'Uil'U8ual phaM of the vo1tage cycle. '1he pl'OCesa which toms 

emited molecules abo gives rise to emite4 _atome. Purther mre the prooese le 

·Uahabited by thil preRDCe of an electrto tield~ hre are 1nd1catione that tbe 

proceae ie one ot :reoa~~binatio~ beureen electron~~ and atomic positive 1oM. It 1a 

a woU. known pheDC'.I!ll)DOn that 1he light frCirl near the aDOde of a d•Q• glow · 

di""hurge extend• onl.7 a far aa the. tront tece ot the anode being free o:t MJ 

lua1noa1ty. :rn. an a •. o. dieoharge the nSS.one irreuld the two ele61i1.'0desappeer 'b 

••e to tbe .-.,..:: tt tnftatigated_.witb. a photCilultiplier tube 8l'.ld oao:U.lo~~eope 

S.t te four.d that the a1tuation 1a nally the same aa in the d.o. case •. The output 

ot l1Bbt 1• oontiDB4 to 12\o time d~ which 'tile eleotro4• 18 a cathode •. ~re 

te· no 11gbt output_ durin[; 'the snode halt cycle except from. the pos1t1'Ye colwmt 
. . . . . . . . e . 

which _extor.do from a point a few li•,ll•:: in .tront·of the trent :r.- o:r the elect:rola 

along the tube to the othe:ro electrode.~ . Further more · the light fl'Oil the eleotroe.e 

during the catbo~ balf OJCle 1e direct~ proportional to 'the em-rent. which ttMlt 
d.. . 

18 tlreot'll' proportional to 812AJ1n phase. w1 th th& ·vo1taBe~. ·'!bus 11' the cunent 1a 

· a a1ne w-., the wave ~ ot the USl'lt output ie lib the output ot a halt ,,_ · 

noUtter •. !'hia appl1e• upto about 100 14~ ~ above oomt1derat1ona have been 

-~ 10 be applied to dioobarges in air. neon~ er~n aDd JEr:f.pton at all preem.n• 
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and to helita below abou-t 5 •• The pre&DUt'e dependence ot mol.eculer liGht aD! 

.,leculltr component ot atomic light ehow an increase with preeaUt"e 1n ~e lDwer 
. ' . 

pxeaeure Maton upto '5 mm 8!¥1 15 nm after wMob ~r highor pressure the 1nteM1V 

decreaee&~' But the mr.nol component of atoid.o lieJ'lt intensity abcWsgredual. 1DC:teue 
. ' w 

· ae the preasure 'is lowered~ !!!.be :l.n'tell8i v of mole euler ligi/1 1e 60V'Il'Df.ld by two 

independent fac:rtDra. Ono is the pnJsenoe of an ttlect-ric field. 1be other t'actot.- . 
. . 

caUiea an approxJmate)¥ exponantiel decrease ~ molec~r light with a tillf!l.coraat~M­

~v 
ot 35 ,?- MCh. 1bie tiu conet• is 1ndep~!ldent ot preoeure. It 18 eVident~ dut 

to a 4eoreaae in the concen-tration of mODe participant in the procese wb:loh tol'JIIt 
t . ' . 

aoleoutei'a~ IIi aeeu unl1ke]3 tha:t lthio em ~preeent the fall 1n the collQentl."atioQ 
. Gf 

o'l •tutable atorae~ 1he rate ... deorriaae to'U%)1 bare ie reaonable for 1he ~onaenU... 

tion of posi t1w at.ar11o ione.-,. lbe atomic epeotrua o'f tbtt uepU,.-e glow d~ 
. , ' . ' 

the anode half cycle ie auggeotive of a ntoaald.natton epec't.na. 'lhe different 

: ooneiderationa point to a reccabinatton P%'9CeSD in which an· e:mi ted molecule 

ad an exct ted ntcm are tome4•·· 

IU.oi'Owave and 114h. treque~y d:lecbargee have almost iclentioal.tm1es1on 8114 

temperatu.l'e cbarscter1at1ca with eteody glow diooba.rges of tm esne p(nrer. d~rwit,r. 

In a po•t to point,compariaon Bltok (1935) fomxl a·etAa4y' glow d1ecbarge 111 

Mrout1" 1Dl111UrJeu1ahable · ~ 100 'Ito/a d1ocharge· •. Margenau ond Ilar11lann ( 1948) · 

lulw ehown that the 1heory·_ot •rowave d1ecbergea leada. to. tis SrGtt comlustoa 

of a~lsrity,_ barring the ·~pac• .cbBrge e:tfeota which are poesib;te 1Jl e:tefld7 
... , . ', ' ,• . ' - ,. . . 

41schargee.~:· Oorl18a; noami. an,d' Weet~all ( 1953) find that an electrode lese ., 
. ' . 

clischarge at 300 Me/a 11111 ·•••;1.'f:e, thG· p~ zretal epeotna of involattle -~ 

Which. have been int:roduoecl as pure bal1dee •. ". b fltomiO SJ,:eO'tm o:t hisb MltiDg 
'• . ·,.: ' . - \ 

potnt metale can be em:l.ted 1n eleotro~ela_se lamP• if a volatile •alt ot the. . . . . . ' . 

metal 111 mtrodtXled into the lanp ·-oogetber w! th a mble. gaa at a pre•aU!'e ot a 

few ·~ Bs. !l'he lamps fll'e eimp~ prepa-red from• ~ngtba_ ot pm~ or "'YC()r tubinl, 
. . . . . 

. -
reve~el.• .. ~have been preparod which emtt.~tcai~ epe(Jtra of :ett•i, TS. 1 .J'e,~1t 

' ,:. 
••• ~ !• 
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0~ Jb eD1 tJ ~ Relative lnteneit1e8 Of OOJ)per line Wtmtlengtb 1 5153e24t 521Se20t 

5105.54,, 5782.13 aDS 5700.24 :tJ:oa. d.o. · uca m1 a LlA. c.t 2. ~ are uaatm~4. 
·. . -(' . . . . 

Mleh and SC!nlde~ ( 1949) propoH4. a ldmilar dtacbarge machanl• for quanti taU'ft 

•pectrograJ)hio ~·1• o:t as.. ~·· 
RoJb.t.n ( 1939 ) obeerYed tbe eft'eot ot a aept1c field on the radiation fz'oa 

• mel'CU17 "t'&pOUI' 41.,barp 
-3 . ... r ~ ' o 'ln. 1M • \-\a 

. 
' ) 

. . 
co~:ldent1 giving en almost w:d.tom tield between ·lheJI or Qppoelte' g1Y1rzs a 

difttored :field hav1ns etr<:tng raual component•• b .taage of a. ~ter,HCticm 

wu ot>eerv•a 1x.1. a •pectroacope end the intens~tt.ea ot th& ·,a50 1 an1 2537 .. K 
. ~eY~ ' l.t. 

resollm'lCe linea"meaaured by the br1gb.t,aesa ot.d!'lDureacant probe .~laced .. 1n b 

tube. Wi tb coincldent fielde the discharge is v:l.e1b~ coatricted into a eotd1 

at first rapidl\f and then ~ slow~ wi tb tmreWJing U" At higher preaaurelt or 

C'tl.t'rante the efi'•ct is leuo marked end finally oeues to be notioeabte.· b 

.cord follows the 11neo of magnetic :toroe a.~ can lit moved about by d1spla.c1ng tbl 

eolamid ooil&J or by the presence of a mB8mtiC field. ·At the centre of t1W 

tw;e 'tbe Yariation o;C relative tntene1 ty ot: aaveral. Unee 111ce 5191 1\ , S906<1t Ilion 

first a mextma nesr R • 100 oented ar.d almoSt no change at b18Jmr aagnet1CS; t1e14e 

'1'be line 3'7.04! sradualll ctecreaaea 111 Tttlative 1ntene1ty with masnets.o tlelii w1th 

almoS-t no charlge .tor llai'D"J-.10 field ot the order of 200 oersted. 'lhe tall. in 

1ntom11;y :t.e proXlOl.llCsd in 11nea fraa. high excitation levela,·indioating a 

decrease 1n nuaber ot fallt electromt~: 1he mu1!mD :I.e due to two oppoaing 

eti'ecta, the inoreeaed conoentration o:f eleotrona ·at-·centre am tbe -~reaM in 

their energ~ l.l0\bl1n ooces to the general conolusion that ··the ootwtriot1on of 

tho d1echargo ie due to the radial components of the ~tic n.old ,on the odbaa-
- ' • ' " • r '< 

•ide of the plarJma: t..lte lol181 tuiinal part ot the field however, ·did not extend 

~ar enough for a proper asaeesment of its eft"ect~; · 
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~rimante ~ been made on tl'le efteo·t of mtlgD9tio fields on the radiation 

:trom the colmm of a CODBtr~otcd diaoherge in a Cflp1l.la:ry tube in transverse 

maamtio field. Kulka'mi (1944) studying d:tsohargee in ne, Ne and B2 found that 

the :tntemity of a apeotrtm ·uno reaches a me:d.m\11 and then decreases qu1cklq 

with tmreaeing ma@letio field B. '1he value of Hat the intensity mazim?.S depl)nde 

on th<!l wavelength of the line rm 1he presence of 81'.\1 foreign ge.a. For a. given 

diecllarge vol taga V there is a ori tical H abow which til€! tt1aohar~- j)ee out e!Jd 

3uat below which 1 t t.lu"Obe. In these eond.i tiona. the rare . gases ehow the 

zwlecul.ar epee trlD 1n regtone nenr the elec.trodeac 1h@ appliea potent1al tor 
s . 

lli81nta1name of d1ecmrge ill of the ord~r of 10 KV to 15 F:!l and li of the order 

of 10 Kilo oersted without Sl\1 speoiftcstion o~rese'u.t'e~ In the ~oman effect 

expe1"'.1.ment Mual)¥ perfomed in· ti~ laboratory with a neo~ tube t 1 t is observed 

tm. t the map tie field o, bee idee prodl.llting the well krlowrl epli tting of the linea, 

e:ttecte to o markad extent tha inteasi't\f ot the glow 1n the disoba'rge tube. It was 

tbow.)lt that a d4ttailed apeotroecopic investi~ation of tlle effect of the magnetic 

field on the variation 1n the intenai ty dietr1bution EI!Kinpt tbe epeotml Unee, 

would ~ve useful :J.ntormation about the collision pl"CCesees im'olwd in tM 

mecbard.em ot discharge of eleotr1ciiW 1n :raNfied gaeee. P:ntllm1.DG!7 expertmentll 

w1 th be lim, t~eon mJd hydrogen have re'\'ealed some interesting foots. '.lb!! 

cspel'Wnts were perfomed with the oroinary oap11J.r.y diooharge tubes placed 

between the poles of an el0o~t oapcble ct gbing a .field upto 10,000 

Gausao The tubes we!\1 worked between 10 and 15 !C wlte~ The remult£. or obeervaUoDS. 

me.v bG sw:msr:lsed ae follows ·~ ( 1 ) b intensity of lines inoreas!?ls with the 

magnetic. field, reaches a mrud.r:n.m and then decreases, the decrease being more 

rapid than the iml'8aee_11 1\d,s :ltjshown in epectTtn of bellm with lll8l5Mt10 fields 

41 6.2 and ?~~e lt Gauseo' (2) !the field at whiob a 11m reoohee 1ta ma:zimun , . . ' . . 

1ntene1t:lt the conditions of pressure and eX9itation relllai.n1ng tho B!D8t de~llda 

on two footora (a) wavelength and (b) the presence of foreign gas~., _The dep~ndenee 



on wavelength woo beat exbib~:ted with the Balmer aeries of ~drogeD~ " H.cS " 

appeat.'l!1d as a weliilk 11m in zsro f'leld0 :reachlld a mexlmtm intcnsi ty, at 4000 Gau.e, 

atter WhiCh the 1ntsns1 ty feU rapidl;r and the line woo mt exo1 tt!td at all at 

higb!r field. " H;' reached its ms:d.mtm intensity at 600 gause, whereas Hr snd· 
s . 

Ho<. ~bowed a cont:i.nouo iuorease. in 1ntenei ty evan u,pto 10000 Gsuaa, tM mazimu 

·field obtainable in the experiment. ~flte •tfeot of tore:Lgn goo on the 1nteM1ty 

of tbe li.Dee il!l shCMn which gives the spectra of a mixture of helit$ and neon. 

1'lie epectrua were obtaimd. for DltlgQetic il.eldo of etrength 4.9, 1 and 8o2 Kilo 

Gause respeotivelf• It 1e to be note4. here that in contrast with the cnse of 

( 1 ) tlte\J.im• contirlbualy inCrease 1n 1ntena1 ty td:thout shoWing e maxi'mtmo. 

The effect of the .foreign neon g;as seems to be to im:rease b field strength 

at which the heliun l.:i.nes will have their ma:dmtm intensi 'fW. ( 3 ); For a given 
~ . 

~pplied potential at the tem1nals there ie what mey be called a "critical.'' field 
. ' ·' 

at w"nich the discharge stope altogether and tbe ttibo becomos mnoondu:ting. As 

tbio critical field 18 approached am juet before what may be called the 

tbrobbing ettlte of the tulle t the intensity in the capillary portione~ whiah 1e 

kept in the DBgnetic field ie eo:na1derab~ redt»ed and tile intensit.v of tblt 

glalt ill the wider portions ot the tube mar the oleotrodea, ie correawndin!lY 
. ' . ,, 

imreased~ ~ speotr!D of heliw fiOOl this wider portions is sht:r.m tftler thie 

oond1 tion wi tnout mgmtic field Bl'¥i with 611 2K Gala3a masoatio field~. It 1o 

obee~ed tbc.t Without the field on:ey weak atomic epectrta i~rodmed, while 

Wi.ih the field on, not on~ ie the mteneity of the atomtc linea 1Dcrease4 

bu.t the molecular spectrum of hel1ia 1e fully brought out •. h spectre floom 

tbe Wide~ portiOns of tho tube for lower val.ms ot th0 field at the cap1llery, 

ahtmed on13' tl~ emmic lineei lt :le to be infernld that the emita.tion of the '.·: · 
, "I • 1 • 

heliw !ll()loo~"i banie 19 a e\llden proQeso ooouring within a ~ l'tlUlge of 

the field strength mar nbout the throbbing· f1eld!1: Most ot the He molecUlar 
.'-\' 
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Davies. ( 195') made eneuremente of the 1nteMi v d1etr1but1on in the reoombinat1on 

epectrua1 the relative densities of the eleotroM end their velocity d:l.atr1but1on 

e. . 
:1n the poattive ooltrnn o:t a oaqeitm dieahar&}l as detemtned in the preoenae of e 

d..i... 
long! tw):!al. masnstic field. The t>ffect ot a longi tll11nal magnetic f1~ld wea 

investigated tor both dee• and rofo diachnrgeso In both oasee, au the 1ntenei ty 

of the maenetic field wee 1mreased, the glow oorrounding oach of the eleotrodee 

woo comp~eeed tmarde the $l.fJO'tr'Ode1 but m vieible etfoct was produoed 1n the 

positive oolu:nn. The apectroG!'QIJbic detemina·tion of the diat-ribution of int.elllliV 

1n the recombination eont1nw.m elwwed that the:re was a MDD'ellian dietribut!,on 

of electron epeede in all dioobmrges mveatigatedi w1 thin the experimental error • 

.An 1n1 tiel survey w~ carried out over th.e a:vn1100le rsrl€)f. of (.lisoharge pre~ourt 

With -the rof• diecll.'.lr@!· current maintained at 0.98 A~otilo~9. In t.lds C&ae the 

electron temperatur.tt ll1- was evaluated using equation 

A-~ ~- 0 . J ( v) ( ~,) + ~ 
0 [ s l<T; 

Where :r (-))) ia the intenei ty of the 6P reoO!!lb:tna tion radiation ot frequency -0 • 
An additional experiment with :rof• emitation nrus oarriad out wi'th a. mean 

•2 ctn".Nnt demi tu of 5A em at a frequency of 6.65 fib/a. At a pressure of 
bt 

0.018 Jlmg llBt 'b val.ue of T1 was imreased ... 175!, 100.X by a m~tio field 
. . 11-<11!.\ . 

ot intansi ty H ., 1450 Gauss, ~ i 'titS 1n1 tial vat te of 4000. X .for H 111 0 • ~e 

Ulo~ WaG detelmined · tminG equat1one . 
~ . 

N 'ofN,b = p~(-.J) f-r. l») r1- ( T,i-r,.)314 ~:tfl "'-il tr;:' - T,~' );iK] 
. 
L. e. 

-1) ~b .. 

wm:m N ,·((, and N'q,' ere the nuriber of electrons /o.o& 1n etats "a" and "b" 

re'spec t1 ve:cy. 



In aU the experimente 1n w1ch 'the discharge wag e.m1 ted by' r.'l. energy, . tbe 

application of e longituiinal magmt1o field produood m measm-able change in tbfi 

a::d.al val~ of the electron danei ty N1 11 It 1e e6lt:l.mated that a olu:"mge 1n the 

val.m of lf
1 

of ~ or moro would have been detectede Meseu:remente were sleo 11184e 

of the ohan.ge produced in the 'Yalue o:r the to tel potential drop aoroaa the 

d1oobarge tube when it was subject to a lo!1gitud:l.nal megraetic tieldc In aU cases 

the chen..~ in powntial dimrence ~roas the tube wee lbso thon '~ for a 'rSlue 

of tho field B 11: 1500 GaUSS$. In gfJnerW. 'file potential diffsrence WM imreasad ~ 

a magoetic :fi~ld of this value, but t.he/inOrea.ee was not ~~~ a momtonio 

funetion of H. 

Jlobba1 ilcwhil'ter1 Qri.f'f1n d Jon~B ( 1961 ) •ttnied both eXperiment~ and 
~ 

theor,f:tioal:Qr t1w ~m.poral. variation of tJw 1ntcria1 tq ot lim radiation :1lt the 

ul:trmolet from 1mpurittea in the meta d:l.eohareth 'lhe ~ieon between 
' <;;. 

' computed sD:1 obae:rvf1d intene1 t1eo '-* dieeuseed 1n ter.ns of simple ion1sat1on 
. s 

:reoanbinntion and e:mi tat1on processea end uaed to extnblieb the adeq"OOOy ot tho 

ionisation coefficients employed~: If ths spcctrltll em1 tted by oota discharge 1&9 

e~d it 1o :f'o'Ulll to contain linee~ of various 1mpuri-ey elements. Further 

e%W.ne;tton abowe that the ~ in tmw1 ties vary .. tn time ·during the periOd of the 

dieolmr~ .. ,1zl e, gt>Osaly ~prodmibla manner.•.·, b tntens1 i;j variation of too 
. . 

impuriw spectral lims :f'rc;m the :lmpuritiezs ni trogeng omo'bon, o:qgen ha8' been 

obse:r:vec1· ·f'.rom th.e m!ta. d:tcchnrgec The data was obtained Using a graming 

1nc1den-Je VS.OU\0 momohroow:tor with an efft3ct1.ve wavelength range of 100 A to 

1500 A. ~ftle line .:tnteno1 ties were meooured by a photcmul:tipUer with a eod1tm 

eal1oylata phosphor and ware raoorded by· photographing an osc111o8Cope trace. 

Different authors. ut1liaed too absolute 1nteneity o:f a line and relative 

inteMi ~ of a fanil¥ of limo -to morurtu:I'e the· eleo·tron denai ty, elactron 

t®ipe:rattn e-w.. Too aboolute inte:ne1ty I oz a apectral lim. by e 'wansiticm 
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.. 1 .. ,.. \ 
••• \ o;l:/ J 

wbere suft!De "S" 8!'ld "t" 1ndicate ·the ~per Elrd. lower etatee re•pect1ve~ 8nd 

as e ete.t1st:Loel. -~d.gbt of the upper state 

rn- u totalntaber of e.trDa/coO• of the elsment conce:metl 

E.s • WJergy of tl'e upper staw in e:ram 

K • lbltemsn • e cotWtant. .. 
().-

! • _,ooluta temperature o K IJ· A!.t a E1Mte1n's transition probability trcm 

upper to lower level 

Vtr)• part:l. t:l.on ftmot:Lon of the atan. 
~ . 

Jf>bn (1961) utllleecl several metbode tor dete:rm:tmns the tempera~ ot a pl.a!!ma 

3et der.l.ved from ar€f)n contain1JJB ~ hydrogen baee4 on the abeoluw 1ntens11W of ~ 

or ~fl lint, tbe relative in'OODSity of \-\o( BDt1 1-t~ UD3e am the profile of H(l> 

11ne •. Intenoity maeuremente wen made photoelMctrJ.oally. 

nsivel!l and 'Parld.nson (1961) a.l.fJD rteaSU'!t!ld the pe• brigbtl1ees temperature 

· BD1 spectral ener&V d1otr1bution of flash d111!1\1lbargee of lffmtm,-. co-anal aJl4 

caplll~ types for the wavelength range boll 2590 A to 4520 1 by aeasuriDg tbe 

irltenei ty ot ltnee and utilising thm derived emioeion coefficient ~or loW 

radiation denai ty for the frequency indspendent l"Qgton ae 

- 2-(z + s) . 

8rd tor treq;oonoy dependent regton 

~ ' ~ t = 327[ . e . (z +S) 
-v 3 6 c.3 (:nr~3t2.. . 

Ne.Ni. . 
l KT)'I2-

Whe:ro Be • eleotron ooooontration1 .. e.,CI electron chargtl.;, lt1 • .t.rm.oofl}entratioza, 

z • atomic Dll.Dber t'nd 'l. +S • efteottw at~ mnbar in whic~ 

rn}. (Et. -E-n) ( l+"S (. z2 

E t.'"' 



when E1 • 1oD1se.t1on. eMrgv n • prinOiple quantta nmbar, En c eJD:l tat1on olr!rt13 

E c:. H c 1on1.8ati0n energy of lvdrogen. Using Wlen' s law :for the standl.\'l'd 

lamp and Ple:rllk'fll for the fla8h tubet the brigbtMiila temperature of the 

otaDlard cepillat!f dioobargo WMJ obtained ~the relationship 

- c2.j "1\.S 

= E IsL/I 
FL 

when S • brighase temperature of tlw standard Jslp, SFL. c brii#!tnese temperature 
. ' 

ot tlash eout'C~t C2.. = t •. 4,S em deg., IFL • recorded eie;nal for 11.esh source, 

Is L ~ ~~rded signal for standard lamp. 

Golantt. Kriwehe~v and Taohnev (1966) 1nveet1gsted the plaema psrt:llleters tor 

a etationa.t".V ul·trobtgh trequemy d:techarge in argon an 1ho1r dependence on 

magmt:lc field intensity• The u.H •. :P~, ia 3150 Me/e. It :to obeervetl that the chnrl)ld 

particle densities and total light tntenid.ties 8.t'e msximta me.1' 'fba Mocmd and 

third hamonica of thfil electron cyclotron trequency t..e. 

} 

!i'J, maxima are observad netn" the electron cyclotron reooneme mquenoy • When 

tho u.u.J. power input 1e approximate]\v 10 watt I a~ •.. tho m8nouc :field 500 

~eratede mx'l pressure ot ar~ apprt;)x.t.matel;r 1 x 1o•2lll!l~ Mg. denei tiee in 

emees of 10
12 em •. _, are Qbtilined~ 

Burlamaoeh1 aDi Pratesl ( 1966) 'reported the enhanced emission ot thf) 

'889 1 ( 3 
3 

P - .2 3 s ) and 5016 i (' 3' f - 2' s ) lima of He dm'iflB the 

:l.n1 tial transient o'Z e pulsed r~'f •:. discharge with oscillator mquemy at 

24 Jb:/o. Vers strong oversl10ots haw ooen oba~~d in too :5009 1 anc1 5016 1 

l:ino~ wb!n vimved along the axle of the tube, both in p~ He am J.?e - Ntt . 

ld.xture" 9le OYerohoota o~ the 3889 !. G114 5016 1 :t.itl3e have been i!lterpreted . 

· aa dUe tO tbe low 2S metsstelble dene1tiea and henoe lOw abeorption of tbeee 

lime during the il'litial transient. A. ae~nt of the. ·d)$orpt1on pNsent 
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l.D.'I~r pttl.Md col¥11t1on¥h!te been attempted :tor tbe 3009 A e.n!i 5016 l·limB• 

The press~ dependenoe of .too 5o16 1 output te eha.m tor· both Hs and He - Be. 
' ' ' 

'l'he full signal intens1 v 1s pl.Ot~d, '.lhe opt:l.m\11 m uef,i! of pressure f'or eteaa, 
,' •)' I 

':-. l' 

d~nsity on one ei~e ~ the increooi~ loso meohanims and the faliin8 electron · 

tA!mperatum on the other . stdfh l!fo.e.Ube~~l Uftenmce ~ been foUDtl btrtwe·tm 

the Cesfls of pure gae arr1 Hta ":" D9 m.t:m.n:e, though in 1he latter oaee the ratio 
' . 

b\JtftGJl peak and eb!~ f8'tatt? ValtWS· ia b1~r. and the ~Baion vim:lSMS at · 

higher pressure• 

. . . 
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