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i «• aaoondaẑ y emiBaioii eoaffieieat* 
X •» waveleBfth of aypUad f l t l d * «»• 

•» ^a»ttm radia*ittt tr«|3^«A^» «ae»*̂ « 
eellUion fWqtt«o«yJ>»t»M» eleotrona and 
«aa adlaeulaa* 8t««** • 

ionJUatien ot • caa» 

- ehai«otMiiti« difftwioti leosth* os* 

1 ntk fUwtiea t f turfao** 

f - aaatk ra&Aoa alaetraB v^ o e i^f a»«tae. • 
elattioda t^paratiai^ Qiu 

• <• ele0trefi ohai«a, aoulaA. 

f f i e l d fre4VM»«r» a«o* • 

% «* Flaneka radiatien eoBatant* joulet.aee* 

Ik m #5 
eleetroa deiiai^y «• ̂ » 

P •» fee preaaurt, att. Hf• 
m 11 «• •eaa elaetftii enariyf e«ir. 

t «• d r i f t T^eeiV (^aetzvoa* ea*aee**̂  • 

s « ieaisias effi«i«MQr* 



^ alootroa aiffttaioa ooaffioiant* 
1 ^ iastaiiUnootta f i t l d a t m i t b * valt.ea,"^. 
8̂  - off*atito fiold «tf«i«tl», Tolt. o«,**^ 

- paak fiaXd tttfongtbt volt.eM*''^ 
&«li*s« fi o l d aty«igth« volt«oa«*\ 

I - olooteoB txkttmtp up* 
••2 

S • olootroa o«rr«st doaail^^ a«ji«aii* • 
- ^biibiHtDr tff eolllaion* 
• oUot«o» ioaitiac offieioiiq$'« 

m 



mi % 9 m m 

ACm0iLKI»Bt«lg8 
IX 

1.1 Itf Iraakdmni CrltaflM • • . * • 1 

1.2 Ganoratioa of Chargod ̂ art&oloa iM tlw 
body ofoGos 
1.2.1 Motion of Cha«i« Portiaea l a 

a fi i l d ^ f M o CM . • * • • 

1.2»2 toaisatioa f«too«ooo . • • • • € 
1«2.5 looiiaUoa Igr alootvoa lapaot • • • • « 7 

1,2«V I«aiiatloa^ 9Miil«a aibsorptlea • • • . • 10 

1.2.5 Othar Praooaooi 11 

1.2.$ Oonaratioa at Solid Saifaeoa 12 

1*3 Raaoval |>3Paooaaoa • • • • • 14 

1.3*1 Itobility C«|««r« . . • . • 14 
1r3.2 BeooiAioaUM aad Attaofaaait * • • • • 14 
1*3*3 01ffUal<n • • . . • 1« 

I f 



1«4 iraakdeeii Mctumiwa l a CM«a 4 • • • « 17 

fie^iirenaata ef lirtakdeim theacy « « , * • 17 

iJfZ Para«iet«rst wriar «f pmrntatlan • • • « « f t 
Breakdeim «idar eaoditioM wkera 

..... U 
2t b) 1«« «»w attd higli fraqptMusy breakden 

«t ffM praationit • • • • • 1( 
1#4*4 BrealEdoim «li«r eaaditiaiia where 

ia the MM erder 6t aagi^tiid* 
a8 « . . . . . ^ 13 

1.4.5 Breakdewn mMr aflBditiwaa where 
«m. . . . . . 3f 
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Whan a secitral gaa ia aubjeeted te a weak eleetrie 
f i e l d i t cenerally poaaiiaea feed* though i^perfeet* iaaulatiaa 
propertiea. Ke praetieal gaa-fiUad eleetrede qyataa eaa 
OMqiletely prevent "eaaaal*̂  aeureea irradiatiea (e.g. 
eaergetio oeaaio radiatiaaa* aatiAnl radieaetivity) frea 
oauaiag leoal ieaiiatiea within the Conduetiea oarreaka 
of the erder ef 10 ' te 10 A. aiqpa. are aoraaUy ehaerved. 

deliberately irradiatiag tha ^ t e a with high-aaeviy 
quaatua radiati«B> far exaapla y " i ^ * X«ray8» or ultras 
t i a l e t ligfatf the eurraRt dentity ean be Inoreased by aaveral 
erdera. Jn none of thea* eaaea ia the phyaioal aature ef the 
faa s«Baih3y altered aad aa 'iaawlatlng atate* aay be aaid t« 
eaciat. 

Aa the A l l i e d eleetrio atreaa ia iaereaaed^ hewever* 
a point ia reached at iriiieh the gaB» quite auddealy, exhibita 
a eonsiderable iaoreaae i n eleetrioal eeadactivity. The 
iaereaae i n eurreat ia uauaUy aeeoq^itfLed by a oharaeteriati« 
viaible glew tt&t the gaa* and Igr a dĥ p ia the potential 
difference acroae the eleetreda ayatea* Under theae emditieaa 
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an oloatrioal diaohargo or *broalc<*doira* ia aald to kavo oaaasMd* 
A aatiafaetox7 dofiaitioa of tlia broakdom oritaxlaa 

ia aet» howoTor* as oloaiN>ottt aa aayr ba aappoaad* Siaoburfoa 
aro not aoooaaaiiaj^ aoooapaaiad b;f •tt9n$ lisht oaiaaiaa or 
by porooptiblo ohancoa in a toltaotor roadiag* Ivaa a 
dofiaitioa baaod upoa "ebaago in oendaotivitr* ia aat altofothor 
aoeoptablOf as tba pra«>braakdoim ourroat ia not a tvao 
oharaotoriatio of tHo fosf boiad dapoadant aa tbo 
atrongth of tbo oxtoxaaX ioaiaiat ageat* Oaa dofiaitioft 
aakoa uaa of m iiqportaat ptiysioal diatiaatioa botwooa oarraata 
flaaSag ia tho 'iasulatlaf* aad 'a^uetiag* atatoai aboroaa 
pro*>broa]̂ Unra otirraata ooaao ahoa tho oxtoraal ioaiaiaf aottpoo 
is raaovod* tbo ourroat ia a troo diachazY* io aolf^aaataiaod 
i f o * w i l l ooatiauo to floa wboa tba irradiatlsa ia raaovod* 

fho oasot of broakdaaa oaa ba aaid to havo ocoarrod 
«h«n tbo ouirfant ooaaos to dopo^ upoa tho oxistaaoo of sa 
oxtoraal ionisiag sotmio* 

Tbo ra^id ohaagaa la Aaotrioal ooaduotiTitgr aaoo^^asgriaf 
bivakdoaa aro broo^t aboat by tha gnoaratien of abargOd 
paz^iclos aithia tho gas aaS/w at tho vaUs of tho diaehar^ 
ehaaibor* Kloetrsas aro tha aaat iaportaat of tho ooadaotiag 
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partiolear though peaitive ieaa aad ia cartaln gaaea aegative 
iena^ aoaetioea plicr • aigaifiaaat part in initiating the 
4iacharge. 

The M t i o a o f the partielea ia the be^ ef a gaa* 

e^Bkrolled by aaoh faetera aa the gaa inreaa«ire» field atreaigth* 

f««q!iieacy and eleatrede gea»etzy« eoaaiata af *raadea* thenMl 
aetien with a auperl^peaed aobilily * dr i f t * la the diraetiea ef 
the eleetrio f i a l d gradieat. Baaaatially, the diffareaae between 

the aotiea ef weak eleetrie fielda ea the gaa and ef fiel4a the 
erder of t^e threshold breakdawn value* ia that the latt«r aiiat 
he of auffioieat aagaitade ta pnaate effeota, either ia the 

gaa i t s e l f ar en the wiOla ef the oontaiaery which result ia the 
gaaaratiea of further partielea^ aad ia particular* eleetreaa. 
m^tW, tor a diaoharga t« eeeUTi the rate of (eleetre*) 

preduotioa aust exceed the rate af lesai breekdowa aigr thaa 
be eoBVeniently defined f ^ a quantitative standpoint aa a 
failure ef equilibriua i n the above preoeaa* i n the direetiea 
favouring growth of eleatma population. 

tn developing a breakdawa theoxy the phyaieal preblea ia 
to aoeount for net growth i n eleetron density (froa a saall 
nuabttr of initiatezy e l e c t r o ) it) teraa ef iVndaawBtal 
elactroaie* ienie* and ateaie eelliaiea praeeasea ia the gaa 

^ 3 • 



aad at tho oloetrodo sarfaoos* Xiqpntiaoalo hairo sbeira that tho 
officioBoios of tho proeossos, ootttrolliag oloetroa gaaoratisii 
atid loss sro fuaotieas of tho fusntitios dosoribing ths 
disehargo systoa* As a eoasofttaaea» ths aeohsaisa b/ ahioh a 
disohavgo ooours» aaar boooao aodifiod, otoa radioallr ohaagodt 
as oaoh partioular paraaotor ia T«t*iod« 

fho aaia purpoao of thia <ihapt«r ia to givo aa aoooaat o f 
tha pro-broahdoro aad iaitiatioa proooaaaa rolotaat to tho 
oa^orlaatatal worie earriod oat* IVoooaaoa hairiag oaly aa 
iadiroet boariag upoa tho sab J sot aattor «ra doalt with briofl^-* 

Glassioal hiaotio thoozy givos a aaabor of roaalts 
ahieh aro qoito ddofaata ia oxprossS^ ths tharasl astiss of 
gas aolooolos ia aa eaolfittiv* 

I n oasos ahoro Maaialliaa d i s t r i b t t t i o a a of aoloeular 
Volooitioa aiQr ba aaaurodi oifmSatioaa mj ba aado of aaar 
af tho ftiBdaaoatol (|uaatitioa doaoribiag tharaal aotioa o*g* 
t*M*S* toloeitioa aad aaorgiaa« aad difTusioa ratss* as 
functions of toaq;>«ratiiPO sad prossurs* SotamdUutlaa oaa 
also bo aado of anargy iatorohaagoa bataoaa eollidlag atoMs 
aad oatoadad to ia^paets botwooa ehargod p«rtieloa» protidod 

- 4 * 



no ohaage ef iatenMl anaiiy la ihvelved, i . e . tha oeUiaieas 
auat ba pm^eotly elaatio. 

When charged partiolea* partieularly eleetroaa* era ̂ eaaat 

in a gas the useful appUeatiea af kiaetie theoiy ia liaited* 
•ad reaert aust aeaatiaas ba aade to the wava aeohsaioa. 

At nemal reoa taaperatu^Nia (the usual weiieiag ocaiitieaa 
for eocperiaantal glew*4iaaharga atudiea) the Mafiawai themal 
ire}.OQitiea ef gaa aeleealea are aueh tea lew t o atlMuLate 
toelaatio eelliaieaa. Caaual eleatreaa sad ieata preaaa* 
Ift a fieldrfk^e gaa are likewiaa act auffieiaeftly eaergetia 
aad* i f time peraita) thiy eventually aoquire theraal 
aquiUbriua with their attrreundiags. Oaually* however̂  befire 
the e ^ l i b r i u a energy i a attaiaedi reeoaibiBstian aeeunra* 
either ih the volune ef the gaa er by a tlvee*be4r praeeaa 
iatelviag the walla e f the aaataiaSag toaael. Oader tha 
imtlaeaee of a auffieiaatSy pewerf^ fie l d aabiUty d r i f t i a 

auperiapoaed upon the vmsMm aetien ef the charged partielaa 
preasQt. Thia ifivaa r i s e te two effeeta a^raally eharaetendsiag 
a gee diaoharge* naaraly eptieal easeitatiea and eollialHi 
iooisatiea. Iscitatiea* the%i|^ an inherest aeoaapaalasat t e 
h diaoharga, f^qaewlly eeetrlbutea only iadiraetly te tha 
aaehaniaaa ef charge anlti^licatien and f o r thia reaaan w i l l net 
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bo giton tho soio proaiaasoo as tho iaportaat ienisatioa 

prooossos* 

loaisatioa o f a gaa atoa asy ho offootod by a varioty 

o f preoossosf pmtidod alwsys that ^o t o t a l mvrgy sTailablo 
f o r traaafor t o atoa (or aoloettlo) oxooods ths ehsraotoristio 

i o a i s i a g oaoxiy» O*Y* 

Tk* aoeosBsry ccohaagas oaa bo brought about la tho 

feilowiag wayss 

( a ) by oelliaioaa batwaaa olootrsas sad aoutral atoas* 

( b ) hy eoUisioos bottoao positivo ions aad i m t t r a l ataas* 

(e) biy ooUisioiMi botwooa aoatral atoao* 

( d ) by abaorptioa of ra d i a t i o n ({aaata by aoatral atoaa and 

ioas* 

(o) by oaaulativo loaisatiMiy i a whieh tho aoooaany oaargy 

i s raeoivod by ths atoa i a two ( o r aero) d i a t i a o t parools* 

( f ) by *thsrisal* i o a i s s t i o a ^ a toza usod to dosorlho tho 

ioai s i a g oetiOB of asloonlsr^ ionie sad olaotrsaio 

ooUisiOBS sad rad i a t i o n sbsoxittioafleomTiBg i a gaaoa at 

hidih taaporatuz«s« 

tA tho i a i t i a t i o a of a gaa disohargs ths prooossos asy 

ooour oithar oingly or i a oosbiaatieasy with offioiaasios 
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deteradtaed by the i ^ a i o a l oeaditioaa iapeaed. 

Gentmy t o Sawnaead'a e r i g i n a l suppositiea that aay 
eleetjrOB poaaeaaiag iaaisiag eaarg/ or greater w i l l alwsya 

ieaiae a gaa atea by oeUieiea* the tffeetiveneaa ef eleetrHia 

i n pronoting ieaiaatian Igr ii^aet dapinda upon t h e i r anag^. 
Jfatperlneatal eviduisa^^'*^ ahewa that the ieniaiag 

p r a b a b i l i t y (aaajbwr ef i e a paira prodaeed per eleatm 
t r a v e l l i n g 1 Ca. through at gaa at u n i t ftHMsura) riaea Aran 
aera for eleotfva eaergiaa the o»^er ef the ioaisiag petantial 

passes through a r e l a t i v e l y broad aaxiMn fer enexiiaa 

a few tinea and falla away fraduaily fer inpaota Snvelviac 
even nore eaargetio eleatfaaa. the reaidual eleatoan kinatia 
anexiy aHaiag frOa en ieniaiag event nay* pa r t l y * be retained 

by the eloetyea* traaafefvad to the releaaad eleetraa er aaed 

i n f u r t h e r ionisatiea er exeitatiea. laatantanaeua direatienn 

of both prinsjcy md d a n g e r eleotreaa are orientated alaeat 
at randoa. In the ahaenao ef acne external etianlant e.g. 

m e l a o t r i e f i e l d * i t ia nat poaaible fbr a auat&inad bnUd» 
ttp ef charge t o tidce place. Faat elaetraaa ahet into a gaa 
nsy wall produee a nuatber ef ian^paira (*ieoi^air* aaed i n 
t h i a otmtwet rofera t o aa oleolareA and a poaitive ion}* bat 
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•ao* t h t i r vel0oitl«s f a l l 1»«lov « wiaimm v»lut tlMor 
to fUMtioa M l0niMi»g actsts and, giwm t U f , aoquln 
tlMTMl •qpiUbriioi with tka e**. Tlw aaaa eonditiMS apply 

to ajaotad alaatroaa* 

lAaa a gas anaXaaad kgr a suitalkla eostaiaar ia avbJaataA 
t o a atoaac a l a a t r i e f i a l d , ena alaatraa atartiag at a 

oaavaaitBt point l a tlM gap aaa in i t a liTatiaa oraata a l a i i a 

Buabar of io»*paira» b/ Ti r t u a of aeqmiring tnm tha f i a l i 

a i r f n o i a a t aaariy to ieaiaa a gaa atM* aukaaquant ta a 

prarlotta leaiaiag aneaaatMr* 

TMnwaaA* a priaaiy aatffleiaafe cx (mwbar af laa^paira 

ttraatad bgr aa alaotroa par ea« d r i f t i a tJm aagativa f i a l i 

d i r a s t i o a ) * la t l M paraaalar aaat widaljr aaad i a daaaribin 

a u l t i p l i a a t i a a of dua^ta uadar tiM aatiaa of a tmidiraatlaaal 

or leir-fra^iMMijr alaatHa f U l i * Ibrdtfiaitioa i t fallami that 
alaetevaa atartiag at a peiat a • o» wAH hvn araatat 

a^ a^p. adx f ^ k alaatroaa i a t r a v a l l i a g a fllitaaaa 

a ea« i a tlM f i a l d diraatioa. For a uaifara f i a l d * atraaaii^ 
a gaa aaelaaad alaotradaa af aaparatiaa d oa», tha wnrtiar af 

alaatraaa w t a r i a g t l w anada, n, ia ralatad ta tba wuri^me a^ 

gaaaration at tlM oathada Igr 
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Mcp. ̂  aim * %vtp i a m 
' J. 

iM t«9n9» of ̂ UVMt 

X « ekp* ( a i ) (t) 

^Hkm is u««d t# ii4i«att « rat« of eweratl«a •t 

jaOXUtovy elvetrvna^ t«ni *fX9otros avalniebt* i t lastA 
to indieett txp.C ad) •XtetMSt p«r ttdOBd rttaehiag tto ylao* 
0f d •Itotroa itaviag tlw |>UIM X * 0* 

a !• ft eoapl«x fVmdtita of tbe rvduood fi«ld 9/f aai 
of tbt nattiurt of th« su* ^ theoty hu yot b««Q prepesoi 
vfaieh suee08»falljr oe«T«l*t«s th* obstrt«d irulatioa of « 
with Vp ̂ $ dtw prab«b2y to l*ok of ovidtaoo ve$*riiag tk9 oxMt 
f < ^ of tlui oloetirea oawur dlsttlbutiea * aosuaod MajarolliMi. 
Siaoo l / a roprowmt» tbo avortc* divtcaeo trav^lod ^otvota 
ioaislag oToato* tbo umAw of olootrwui i n oa «iroloaelM« 
039*( ad)* i* oaoaiti«12j oa arorofo aunbort tho ototiotiool 
flxtotuatioat haTo boea ro|̂ x««oatod by a irobablXitj o^aotioa^* 

Ho attitioa haa yot booa aado of tho positiiro ieao oroatod 
duriag ioaisatioa* ZNio to thoir Xare* aaaa rolativa t * tko 
oloetroa* thty aigrato oaljr «low3y ia t!io poaitivo f i o l i 
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dil:*oetioa» toirarda tho oathodo* Uador aoraal laboratory 
cK>aditio&a they do net aegttSro auffioient worgy to loniso 
by coHisioai as wea ori^aSJiy asauaed by Tswamad* Tkeir 
lapoaoneo* hovofor^ caanot bo igDorod« both by virtuo of tho 
*p«>o-ehargo they oresto ia the body of the gae aad thoir 
ability to liborato froah olootroaa by i a ^ t ea tho eathedo* 
1«2,ji». lopijBatltm by gaaatfa i^aorptioa (photo^t^aiaatia^ 

ladiatioa qaaata^ paaaiag through a gas, tuj proaoto 
loaisatioa larovidod the oharaotoriatio quaatua oaoriy h.via 
groator th«a o V̂ ;̂ ia praotioo thie ooaditioa alaoat aatiroly 
<Ncoludoa diroot ieaiaatioa by vialblo tvdistiona, SoTcral 
dietiaet aoohaaisaa aro poeoiblOf depondias apoa tho ordor of 
nntstgy of tho quaata and tho ooapXoxlty of tho oxtroHAttoloar 
atruoturo of the tarsot atoaa or aoloouloa. Whoa hv ia tko 
oaso ord«r of aagnitudo aa ^19^ i t lo fouad^ that tho 
prob^ill-ty of aa leaisiag oveat ia a glToa gaa dopacda apoa v 

and the gas preaauro p̂  aad that abaorptioa aad ioaiaatioa aro 
a inaxiaun i^an the quaataa has Just oaoagh eaergy to i«aiso« 

Tkm ioniaiag o^abilitioa of highlynauirsotic quaata 
(o«g« X'-^», Y^riiya) dopoad aozy largely upon tho gaa 
uadergoiag irradiatiea. Aa atoa of lew atoaie auaber ia 
proforoatially ioaisod by oao of ita isaeraoat oxtraaueloar 
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alaetrons abaaiHliisg a l a r i ^ fraetiaa of tha aaargj af tka 
iaaidatit qaaatmi. Tha ajaotad l>>alaatrea tkus laaraa tka ataa 
vitk h i ^ •aleoity (oarraapaadlttg to aaarljr tka f u l l qaaatva 
eitargy) laad la eapaklo of int<»»o leoal ioaisatioa* 

Aa tha atoa iNBturaa ta a atata of aiaiaua aaazvr qaaata 
K j l l l b« ralaaaad, Thqr aay ka prafaraBtialljr absaxtad and 
aa atoa aay ba atripptd af aaYaral alaotrona. (Attgar a f f a t t ) * 

Fbateaa ralaaaad by optloal axeltatioB of gaa ataae* 
by ti r t u a of their poaaaaaiag Ulari? < a.r. ara iaoapabla 
0f atiaulatiag diraot pkata^^itnisstlea ky of tka 
iia«hastiat daserikad abata* ^vevart aaek atoaa a ^ ba 
ioaiaad i f tkiy raoaivt tk« aaaaaiery aaargy ia atapat 
•̂2*3 pt^ay P]n»ttff#of 

I t has baaa aatabliik#d> t k a t ancrgias aot laaa tkaa 
avraral kuadrad alootros iralta anat ba iaparted ta iaaa kafara 
thair ieaisiag affieiaaatoa baaaaa ia any WIQT e«ap«rabla «i«k 
a l a e t r ^ * 

Tha affkat aay ba aagUttad aadar o«»ditieBa atiM»r 
than high gaa tai^atMro* pewarful appliad f lalda* 

, Tha Yalooity d l a t r i b t t t i o a af aautral partielaa at raaa 
taiî >eratvqĉ a praeludas diraat iaaisatloa by tkaraal lapa«t; 
ianisatioa by ates^ataa a a l l i a i k a a bacems i^parlaat aaly at 
•«tgr h l | ^ taaparaturaa* 
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fho lawpoBrtioa of gas atoaa havlag relet iTe3y higk 
volooitiea laoroatea vlth iaoroaaiag teiiporaturo« iMdiag 
to ionisatioa at teaperaturea exoeediag a few thoiiaaad 
Photoioaifatioa w i l l ia goaoral ooeur (radiatioa fran tho 
high toiqjerature eaeloiiag wallo asd the ao*Ki»Uod 
"iapriaoaod" radiatioa}* oXootroaa aad positiro ioaa w i l l alto 
ooatribate towards the efft«ieaoy of the proeess* 
1«2«i» CoBoratiea at ielfd aurfaeoa 

Iboaiblo oaisaioa proeossea frea solid aurfaeoo iaelade 
theraloaie eaiesioa^ f i e l d eaiasioai soooadazy eaisaioa« by 
i9a iapaot* photolaotrie oaiaaioa aad aoooadaty eaissioa aa 
tbe result of oleotroa iapaet* Of those oaly tho laat 
aoatioaed soeaa likely to play a aigaifioaat role ia tho 
preaaat woxt:* 

A px̂ Laazy oleotroa whieh falla ea the aurfaee of a 
solid either returaa to tho gos (or vaouoa) or poaotratea 
ioto the solid aad ia o^tuved or releaaea aeooada>y eleetraas* 
fQV a aoGoadaty oleotroa to be released tho oaergy of the 
pxlaary partiole has to esroeod the work fuaotioa* • * of tho 
jiolid* OA9 poasiblo Bode of seeoadazy oaissioa oooara whoa 
iaoidoat primal^ oleotnaas troasfer eaergr to the Tsleaee 
eleoti°oas of the solid atoast AltoraatiToly* iateraotioa 
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batwaaa tka priaaz^ alaatraaa aad tba f ^ a alaatoaa of tka 
nalida atoaie lattiea aiy aauaa aultipla oolliaioni aad 
aaable aoooadariaa to paaa through tba bauadary ikto tha gaa 
ar vaeuua* 

StlKulatad aalaaiaa, attribut«d to tka foraatiaa of 
iatamal alaetrio fialdi» kaa boon raporttd'^^ by a auabar af 
irottara uaing apadiedly praj^ad aurfaoa layara, Tkia TOM 
f i a l d a«i«sioa of thia typa is rtfarrad to M tha Maltar 
affaot, 

Tha yiold or eoaffiaiaat of aaoosdai^ oiiaalea, ̂  » ia 
dafiaad as tha Quasar of aoooadariaa per saraally iaaidaat 
priaazy p a r t i t a * 

A l l eaiasioa eurvaa akov a oharaotarlatie rapl4 riaa 
of S with iscraaalag priaaxy alaatron aaazvô  ̂ 9 ̂ * * value 
*'a&z» t Aurthar iaoraaaa of priaa^y anorgy oauaea a gradiul 
daaoraaaa ia (T (aaaeedtad with laaraaaad priaazy penatratloa 
into the l«ttio«)» 9kr pure aatalai aax. uaually liaa 
batvaaa 0,9 and 1 «5i the aaaeoiatad valuoa of priaasy alaatraa 
eaargy vaz!y over a vide raage* Higher valuea of S have baaa 
obaerrad froa aatal câ pauada* partioular^Iy froa oxidea aad 
halidaa* ffottoa have eoaeantrated atteatien upon deteraiaatleag 
of ^aaz rather than the priaaxy aaargy talues for ̂  * 1 • 
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S«Bo work has boea reported oa eaissiaa froa aetal alloys 
aad ovldeaoo froa tho availablo data ia aigaifioaat, Cartaia 
aUoyt have beaa shoim to gi«e exeeptioaally high yields aai 
valuoa of ^aaa to 14 have boea obtaiaoA ̂*̂ *̂ «̂ 

MoaatMio layers of absoxiod •nys^ oaaso a redaotioa i a 
•oeoadaxy yield* With thioker layers* ̂  stewa either l i t t l * 
obaage or exhibito a aarkod iaereaae* partioular3y for aotala 
haviag a ttroag fxygea affiaity* 

The growth of oleettea deasity tqr ioaisatioa aad other 
l^oeaBos is opposed 1^ a auiber of possible depepolatiiic 
•eehaaisai* 

fhia preeesa take* ploeo whoa aa oleotrea is oarried to 
a bouadiag aurfaeo by tirtao of the dHft iapartod by aa 
i ^ l i e d oleotrie field* Zapaots tekiag plaoo with auffieiaatlj 
h i | ^ eaargy aay eaaao the release of aeoeadary elootroaa (1 %2t6) 

gitiag riae to tho poatibilitr of aa overall iaereaae i a eloetroa 
populatioa. 

I f a suiteblf eaeoaati^ takes plaeo betwoea partiolet of 
e|)poaita ohargo* re^ntbiaatioa aay ooeur* with ooasofaest 



aeatraliaatioa of dhaaf§$, 
l a a iQratatt eoataiaiag ofuftl auobara of oppoaitaly akaned 

I>artielea the ratk of raaMikiBatioB ia proportioaal to the 
sguare of the charge dwsity aad benoa to the aquara a f tke 
pr<»aure« 

The effioian^ of roioikiactioa proeeasaa ia tkua aaall 
at let praaeuree* Thaoretieal aad esgperiaestal avidaeea 
auggeatt that direet eleatrew>iea reoeabiaatioay ia tke body 
of a $«•» aay bo aegleoted* 

A t3i3t99 body proeeet ia aero effectlTO, eg* the foxmtiNi 
of a aegatite ioa aad it a tubteqtieat oaeeuater aith a peaitivt 
iea* Sueh oolliaioaa are vcalikely at low pre8aurea» kawever, 
rurtkemftre hydrogen aad iaert gatea are virtuaUy aaafattaahiag* 

A apeoial typo of diasodiativa recoabiaation haa baea 
desoribed ia a paper by Vaokâ *̂ 7irat3y, diaaeaUt&ea of 
a hydrogen aeleoule eoottfa akereky 

(S ̂  r«pr«»aata aa oxoited atea, a radiatioa ^saataa)* 
tCkea three body voluae^reeoifttiaatifta takea plaee in ti» preaaaea 

of a third |o4y X* 

- 15 * 



Thie j^^ess load to aa oaissiea spoeUntti belaw 1*100 A aad 
giTOi riae to *gas-isaisiai radiatioa* siaeo tho f i r s t leaislaf 
potential of bydrogea ia eqaiYalaat to a quaatua vnmeff *t 

K ^ 12 
A * 80$ A • More reeaatly* Conigaa aad iroa XagoX h«fO 

ahewa that a largo preportioa of the eaorgy of aa oloetMa 
awava ia uaed ia the disaooiatioa of bydiagea aeleeales* 
however* the stqueoco of omts is aost i^^robablo below a few 
M«l<8* • Corrigaa & Voa K«gol disaias •oluao roeoiribiaatisa ia 
the pressaro raago 0*7 * 12 aa.lfg* 

Surfaeo reooiibiaetiea bttwoea oleotreas aad ioM ia aa 
effieiaat la^oess belag a speeial oaae of throe body reeeri^iaatiea. 
Tide aoehaaiaa is ^ f i m t l y doaiaaat ia tho ultiaate 
aeutraliaatioa of ohax>|od pwrtielos ia a diaeharge ihasfcar 
where the walla are roaoto fraa the eleotredo ayatea* irroapootire 
of tke reaoval prooossos takiag plaoo ia tho iataaoo f i e l d rogioa. 
1*5*3 

Whaa a aea"uaifara partiole doasity exists ia a gaseeaa 
aeditui* theraal aotiaa give* riae to a aet traaaftt* of aaaeetwa 
ia tho diraetioa of tho aegatiiro ooaeoatratiea gradioafc* 

The partiolee thas tUm aa th^igh thiQr poaaess a dirooted 
wolooity* Vj^, ead f»r elsttroa* tho flow aerosa uait area 
90^ad ia gitea by 
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^ « » *D - - \ 
2 aher* 0^ « diffusiea ooefficioiit ia a« pn? aeo» 

KineUo theexy abaea tkat ^ akare ia tka aaaa 
distaaea travelled by eleotreaa betaean eenielea, and tkevefare 
suggeatfl that D. « ^ « tkoagh the depeadeneo of X i^ea olaataeii 
eawe^ aust be taken iato aeeaaat* 

The mm tiao, a^m^ ky an elootroi i n d i f f ^ i a g tnm 
i t a point of origia to a givaa boundiag aurfaee ia dateralnoi 
by tke geeaetxy «f the surfkoo and the ooaeentratioB grediant 
(«i|re8aed aatheaatiial]|y i a taanaa of B^)* 

Tkeae qoantitiea aro r<dated by ̂  general expreeaieeat 

t j j » • (11) 

akere A iM m quaatity* aallad the BiffUaiaa Leagth^^, kavii« 
aaits of lengtk and deaeribiag the ahape of the bounding aarfaee* 
IJf Br̂ akdaim,ye?ka4ai|J|»,ft»f̂  

A gaaaoua eleetrleal diaekarge ia a giren i^yataa, eaeura 
fflmx the ap]4ioatim of an eatamal field of auitable aagnitada 
atiwdates the p r o ^ t i a a ef large auikora of ohargad partialac 
withia the body of tha gaa or at the valla of the oeatkiaiag 
iraaael* aultiplieation atartiag fieom a aaall nuabar of iaitiatexy 
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oloitreas aad laadisg altiaately t o ohsago froa tho *iaaalatiag* 
to «eoBduotlag* etato (taetioa 1*1)* l)ie traasitioa aay ba 
ooaaidored ooi^Loto whwi tho diseharge oeasoe to dofoad 190a 
1 ^ oxiataaoe of tho extoraal imkdiatiag sdaroo* 

TUm doaeriptioas #f leai»iiig proeestoo* Seetioas 1 •2*2 * 
1*2.5 ahew that aHoetreas are ̂  f a r tho aeet powerno. 
agoBte ia the produetiea of fresh e h ^ ^ pcrtielos* l a 
|a«r«̂ * aay breakdo^s theozy auat satiafaetorily aeooaat 
far a aot growth of olootrea ioatity with tiao. ttirthor* 
rolatioaahips deseribiag the aeeheaiaae of oleotraa a u l t l * 
pZioatioa aad less aeiirt bo fiavaulatod ia tens of aeaatâ abla 
fttaatitiis (o*$* eaawt fi e l d etroagth* gaa preseitfo ito«* 
iad atoaie data saoh as ehargo* aaaa aad aeaa ft— path) far 
tko p i u ^ e of ToriQriag thetrttioal prediotioas* 

0isroj^u'diag axy * f otlal pbyaioal oMditioaa i^Med* 
the ^oroshold broakdewa f i e l d i s ia goaeral a foaetiea of 
tha prossuro aad aatara of tho gaoi elootrode gooaatry* 
f i e l d f)î ê»ey aod the aatare af the eleetrode a^afaooe* 
7ha fariaiblee aro iVofttaatly aaod ia rodaood f e m e*g» 

^ /p$ f/p» aitt^** tegathor with the ^ptaatity f«A** 
the appUeabiUty df the SSailarity Sulaa ̂ '̂̂ ^ oaa ba readily 
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ekeokod* 
ta oertaia eâ ea of kifk<*fro9!aon<^ breakdowa eeatrelled 

by diffuaion^ a difforeat tkoagk aaalogma aet ef variablet 
ar* oaĝ l̂ yod̂ *̂ * aaael^r M t pX « 

l ^ e r the aotioa of a vaidireetioaal f i e l d , aa eleetroa 
ia aoeelorated ky the f i e U kotveen cellioioai, aheraapea 
ita iaataataaeoua direotloa of aetien i t redireeted alao«t 
at raadoa* ¥ho inflaoMo of th* f i e l d then re-erleatatoe 
the eloetm in the f i e l d iireetioa (a parabolio path i i 
appr«xiaate3y folleaed}* Tko eleotroB then eeatiaooa to 
aoro aitk the f i e l d ttalU tko tenOaatioa of i t s f m palk, 
iriioaee tke above prooeta ia repoated, for elaatio eelli«iaai« 
the eleotroa i r i l l on tk« avorege gain a aet aaeuat ef eaargy 
per oolliaion tiae, aot«itk«taaiiag tko aaall aaoual traaafenpod 
to the aotttral atea diiriag iipaot* Inargy transfer ketaoaa 
fH^ld ekd eleotroa, a f ^ t i o a of Vp» io eeiipXito3y effleloal 
iaaofar aa the partielo ia eeatlaMoualy aubjooted to aa 
aeeeleratiag foroo eottitaat i a aagaitudo aad direetiea* tf» 
on tho other head, tke d«e« ioarae ia r^laaod by aa a*e* fi o l d 
of ]Ulf*S« taluo e^al to tkat ia the d^e, eeae, the eaevgy 
tramf erred to the eleotraa oaa oo3y equal tiiat uadar ^ 
oerrospeadlag d.e. ooaditiohi i a tke apeeial aaaea of kigk gaa 
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pr«tlBar9 aaiV«r ̂ •v titUJi ftrequoa^* Zf either tho fro^oaaay 
la raiaed or the gas pressure loaded* treasfor beoeaos 
gradually lo«8 offioieat* the cause of this aay bo attrfbated 
direotSy to eltotrea iaartia* Itereaae ia the ai^litade of 
eleflrtrea osoillatioa (duo to deoreaeo ia froquoa^) or aeaa 
ftroo path (due ta rodaetiea ia preisuro) results ia elottrea* 
atoa ooUiaioas ooouxHag too lafro^satly tet tho oleetraa 
aatioa to kee^ in pheao with the field* I t ia t o be ea^oeted 
that the aoro out̂ f«ptiaae tbe eledtroa aotlea boooaM* the 
leoo osiergy a i U bo treaeferred^ oa tke average* frsa the 
fiAd« t o the elootroa* M extreao l i a i t of tho anguaaat 
leada t o the woÛ k̂Bewa reeult that aa eloetroa ia a traoawi 
w i l l oaoiUato ia quadralMfa with the applied field aad w i l l 
take ao power froa i t * 

Aa of«UKtioa.«9roasiag tho aboiro haa boea dwrivad la 
SootiOB 4*5*2 # 

^ • .2 1.4 »ili( a»t * a ) (27) 

vhere T ie tho awnage i N f t irelooi^ of oleetroas ia aa 
aoeoa of gat aeted upoa ̂  a f i e l d 

8«J^ i i a Mi* 
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V i a the o o l l i a i o a fre«»ieafly o f elaotreaa w i t h gaa ateae 

aaft 

a « taa"^ ^ ••• *•• 
0 

Ovar a range of oleotrm oaergiea, ia aeveral gaaea, oatpeHaantel 
•fideaee^^ euggeata tkat a p* 

ftenoe whoa « » <i«e« at h i | ^ ft^eqiteneiea or lav 

proaauros) 

qc •* taa*^ «• « | rdai* 

i«a« <̂  0*1 M t« 
i«04 Toleoity ia ia ̂ ^adrattsre with fiiOd* 

Agaia whea « « v^, oorroapoadiag to high ireaaareo or 
low froqaeaoia* (vhioh air* reaervatiooa, k* taJitaa to 
iaelud* d*e*) 

V cc aia o> t « 
i»o« velooity ia pkaae with fi e l d . 

Xa t««8 of energy traaaf^r, oa e^preaaion by Kargeaeaa^^ 

2 ,2 -2 f v*-
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r * l * t * a * * f f a 6 t i i r e * f i * l d to t h * valu* of tk* 
a ^ ^ i t t d fi*ld« I t ia **«n tkat akea oi t * 

aad«h*B ctf«v̂  * ''̂  * ^ 

1^*5 BreaMleaa aadar oeaditieaa whar* 

Th* pttyaioal ̂ b l e a ke* keoa to propoao a tkeety t * 
aatiafaotorily explain tke dovelopeiant ef a diaohargo earreat 
not d̂ pOBdent tke «iat«ieo of aa external aw»*e of 
«l*«trOBa« fi*f*xTiag t * *t«atiek 1 i t ia «ridfat tkat aa 
a * aeehaaitti aloae i * a*t •uffiaient^ aiao* the e«naat 1, 
boiBg dirootly propoftiteaX to the rate at vhieh *e«sttal* 
olcotrtaa are bi^ag pi*dtt**d, would oe**o aabaoqueet to tk* 
renotal ef tile isTadiadiag aottreo, irreopoetlre of tko 
aagnitttde of tke a i ^ i l i o d f i e l d * 

TtaettB«ad origlaally propofted t k a t the aeoeaaaiy *aaaeaiary* 
aeeheaiaa reaultod froa th* ieaisiag a*tioa ef positive ioa* 
(|r*duood by eollioioa ioaitatioa) algvatiag towards tk* eatkodo* 
So**vor> eeleulatioaa skawed that uadnr noraal expwfiamtal 
oeaditioas the leaa eoald ai t rooeiv* ieaiaiag oBMiy tmi t k * 
f i * l d ( r * f , aaotiea 1.2tS)« SubsaqtMatly Tevaaaad aedified 
hie ideka aad introdaoad hi * oalebrated y* aeehaaiaa, ia akiek 
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•oeeDdary esdstloa froa tho oathodo duio to potitiwo ieat* 
oxoitod ioat* photoaa eto*t was ooasidored to play tho T l t a l 
role ia prod^aijsg tha *iateamal* toareo of seeoadazy oloetreat* 

Katheaatl^ally* thla led to the well«)qMnm towatead 

oquatioa 

«aĝ (atd) 
m mmmmimmmmmmi'mm (5) 

where Y * for ti a p l i e l t y i aay be defiaed as tho aui*er of 
oleotrOBS released froa the eathede per poaitivo ioa ia^^agiag 
apoa i t * (the geaeral foia af the eq»tioa i a aot altered ^ 
iaeludias other effoots i a the doflaitioa of Y )* I t wee 
fotaid that f o r low values of p*d« equatioa (3) agreed iH*ita 
a^toqiaitely with experiaoital plota of pro^broakdewa eamat* 

Oa the otter haadt iaroetlgatioa by Maaoh''® aad FaaTola''^ 
iadioated the abseeeo of a Y aeehaaiaa* at least f a r h i ^ 
p*d« Values* TtdM evideaoa was baaed upea l a 1/1^ d plots 
ia tho vloiaity of broakdewa yieldiag atraii^tliaot* iaateed 
of tho ttpourfiat the re^iired Hyperascpoaeatial iaereeae of 
pre«»braakdoiiB ourraat* 

Tbe sltnatiea was further obtoured by the ttudiot of 
tiae*lag« assoeiated w i t h diiohane* Aooerdiag to Ibwaaaad'e 

theoQr* the tiae takaa for a diaohargo t o dov^op aabaefoeat 
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f^mAif tise^ %f) IM of tht wAwe dt the trftaeit %im 

of pesitiTt ieaa sar««« OieiXltcn^liio i«»4li«f 4f 
f»Utd (»p«> to»«v«'» ta4i«»ttA T*lu99 of tiro or t k m 
vHmn Uot* 

At OB altonuKUtoi photoloiiitation woo oowiidOfoA io tko 
20 

oaoitlonol oiootroa M o l t l ^ o o t i i B pmeoto. I t WM i«ggoito4 
titot photoas ptvdueoA im tlio t«y oxoitSsf ooilioioM v o v l i 
•oro 4l»aa of tho iioi« ovolmoN oaa oanuo ioaitotios Igr v i r t v t 
Of tliolr oboet^ioa by tko aol^oetiloo of tho «oa nlxtaro teviaff 
lo« ionisotloit potostiol* 91iO oia^Kt^oBt orootioK of firoidi 
olootros ovoloiiohitt oiolftod hy fiOU latosiifiootioa doo to 
pooitivo ioo opooo ohoxioo, irottlLft oouoo tko gop to bo btHfoA 
i a o t l M i i i t f r t o l eomopOAdifii to tbo obsorro4 fOMotiTO 
porio4« Support for this viov woo providod by Saotlwr*o 
oSjoud otuHAor photeiinflHi of opoi^ dorolopMSl^ vhioh OM^IO 
ooletaationi to bo aodo of tbo diwotor of tbo oposk ok«noli 
OQA tbo roto of gtom%k of tlM Aiooboivo. S\teh 'stroMMP* 

thoorioo woro novorX AOly I«volopo4 aad post f ^ l i lor 2X 
iisfostlcotioss iJKMAiotoSy loaimAot o ro^opproiool of iteoo* 
I n portiwiilorf ooeuroto ooeilXogropblo otodioo of fonosliT* 
tlMio obowod that with throoboU fiolds oppUod to o toot gop 
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(«• dittisot from eerivf •Tvrroltias i n pp^^w «tuai*t} i t 
XtTft mdngh t9 inolote t i t * poitlbUity t f p«sitiT* 1MM «t«Mljig 
tiM sftp, ftt f«r MMiU «»p#rfttio&i* Doubt vftt axpa-MMi i l ^ t 
th# i n t t i ^ r f t a t l o a * 9f H-•tlMr*t oloud eluiAtr tr*«iw, wldtk w<rt 
kMtd mpeii th» • a t u i ^ i r a ttet tht f l i y t t t t c M ef tyarie 

of prtnottt iFOrte by Uavid!!^ Jestt ai4 ftag^r^ r m a l f d t l u t 
iaetxrtet eonslasSoaa hML Hta rtftolMd ooBo«i«iBc IMk «f 
eYlOttnev ef tbt r»l« •t p t i i t i t * iena i n •tsiatiac tik* i i O t i i t i A i i 
of * ditobargd* 

Hed«f« vitirt t l i * iMtptioa of tb* d.o* diMlMtfc* MM »Mk 
to ft «triM of proeiaioa t^^titeiitiB by £l«wtl3jrB J»iit« t l «1« 
ftt nvimstft. Usiac gMM ftf Mfh puritT IBA irtU'*rftf«lftt«d pMtr 
a^ppliftti Jentft nbswftd tlMd th* limiopMat of ft dift^UEPft toiai^ 
Ift faet* bft 8fttiftfftOto«13/ Mq^lalMd bjr MehaalMM of iho 
Tbwnsftad typ* i*ft« * -frtoott Boataiaod by ft Y - px««ftftft* 
Gftod agroiBflot botvt«a tboftxy and ftxptriaioat i t i s •HteMo error 
«a oactiiiidftd nmgo of |>«di. 

Jeaoft^ ooBoiudot tbftt tho aoooadftzy aoolumiaa aaot bt 
oeaaidorod tmtsl^x in obamtori with a l l proeotooof whloh aogr 
loftd to tlio mpp3y of froth olootroat tho oftthodo« potaib3y 
ooatribtitiai * no aiaglo proeoit oaa bo taidf ia t t * * * ^ ^ 
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to doainotOf r o l n t i t e offieionoioa boles eovoniod by tueb 

foOtoro 09 oatbodo ourftoo oaA s«<̂ 8eti|y« 

1^ puttSos the doBOikiBator of eq[aatioa (3) oquaX to soro« 

a matboaati^al atat«B«at tbo breakdoim or^torlon wy bo 

Bialo, v i t i * 

1 • Y oxp» ( • i ^ 0 (4) 

llio obovo aquation noy bo r o s a r ^ aa roproswtlaiS a 
oonditioQ wheroby oXootros produotloo ^ e o a t e t r^laoo tbo 
iaitlatoxy ^otroaa« $iti«f riso to a aeXf^suataisod o\irroat« 
^Oimp «bon in praotioo tbo broalcioim erltorioQ le roalisoi« 

iUQT bo rodueod to sord| md t ohouXd roaaiii f l a l t o sritb tltO 
t»roi&doim potentioX ladoposdottt ̂  o u r m t * Tb/t abovo baa boon 
adoquatoly irorified uador a t r i o t oxporlooataX oonditioBi. 

^t i i s sufinBszy of d«Ot broal^on aeto aa en osaoctiaX 
prolisiziory to tho a t u ^ of broakloim uiidor altoraatSag olootxlo 
f i e l d a . 
(b) tow yroQUaooy and,gififh Frot^uonty Broafcdoim at High caa 

ftoBtgy t r t t i a f o r bot»o» f l o l d and gos la a t i i l offioi«Bl 
undor a«o# oonditiona prstidod the eleotrod* gas aolooulo 
oolUaioa te»^aey ia aubatantially griater thao the aagalar 
f i e l d froqioon^* Tho ooUioioa froqiuosey has boa» found by 
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oaeporiaottt to dopoad apoa olootrea oaor^ M «O11 as fot 
protoux*** Wo a«ar a r l t o 

•oOf^^ «a*lfc«*̂  (opps^xiBfttoljr^ for ft 
aari»or of gfttot) 

2«rf ' 
V 

Za ̂ o t i e o ft m t i o -JI ^ iOO i t aeootooaty to maaro tbt 
ooaditioa > > « . wm»9 > 10^ 

i,o, p > f • 10*7 

ttoBoo for froquoaoioa tho o i ^ r of t foa aog«oyoloa» tftt 
PMaoaroa aot Xoaa thaa a foa M* Sg* anat bo aaod to oaaaro 
^ i o i o a t oaorgy titmafor* At thoao rolatlvoSy * h i ^ * proaavroa 
tho broakdewa aoohaaiaat OTor a wido raago ef froqaoasur aro now 
foito aoU oatabUahodtt 

f o r eoaroaioaeo i a tho doaoriptioa of atartiat aoehairitaa» 
ft l^srpethotioal toot gicp v i U ba eoaaidorod* oaeloaiaf a part 
gaa ftt ft auitftblo proaaaro aad a«dijoetod to a voltafo aoarat 
^ variftblo fro<|aeao3r« Zt aay bo aoaa trvm riguro 1 that f or 
lea froqatnoioa the 2,M*8« atartiag f i e l d 1^ riaoa alaaly bat 
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atoftdily f ^ the ooxToapeadiag d*o* valoo » u a t i l a o r i t i o f t l 
fro^aacty ia roftohod» at ahioh ahoas a aaail drop; qoito 
diatiaot ftad f a i t ^ : ^ auddoa^ At fraquonoioa bayoad thia valot 
ft further deoroaaot aon foaaouaeod thaa tho f i r a t , oeeura at 

ft aoeoad o r i t i e a l poiat* S t i U hii^er «^ the fre^aoaay aoala 
ft further traaaitioa oooara ohftrftoteriaed hy a auddea aaA 
ooatisuaaa r i t e i a cuaot f i e l d atraiifth* 

DiaeuaaiOB ef t h i t phoaoaeaea (the oelliaioai^^froqueiNy 
trftnsitioa) ia rof«nrtd to the feUowiag aeotiOB« aa the 
eoaditioa » o; ae ijumw iq^plioa* 

liOt oaly are tho tt f t r t i a g f i e l d otrongtha a i a i l a r at 

lev frequoaoioa aad d«e*» tho diaoharfo aoehaaiaa ia alao 
o t t e a t i a l l y the aaaw* Kero tho traaait tia»a of the oleetreaa^ 
and troa poaitivo iona aoreaa the sftp« lov ahert ooaparod 
with tho half period of tho oppUod f i e l d * 

yiguro 1 ahewa that aa tho f i r s t o r i t i o f t l froqaeaay fft^ 
ia ftpproaehod tho ai^litado ef oaoiUfttiOB ef tho pooitive ieat 
i o progroaaitoly dooroaaad u a t i l they are juat uaable to roooh 

ftft eXeotrod* faee duriat a half-»oyelo of tho tUA* Tho e«ao«qi2oat 

exiateaoe of poaitive ioaa withia tho gtf haa been ahoaa^ to 

loftd to *eahaaeod* valaet of tho jrlaaxy eeoffioieat « p 
eioarXy a rolativoiy aaaller f i e l d ia auffieieat to i a i t i a l o 
the diaohor^a 
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Goi^ariaea botwow tbo rosulta of difforoat «oiffcora» 
in t h i s raago* i o not oaiy, but a l l adopt oxplraatioao i a 
tomo of tho offoet of potitlvo apaeo ohargo* 

Uati l f a i r l y roeoatly* tho oxpoHDoatal data atailablo 
iadioatad ^astaaoy of sparieiag poteatial at fTaqiiaaaoioo 
iatcraodiato botooa low fro^ioneioo md fô « A ptAlioatioa 
^ T̂ oha,''̂  hovoTori ouggoots tho gradual ilao aoatioaod 
oarlior. Aa oxplotatioa ia glvoa i a toras of tho bobaviour 
of poaitivo ioaa. Tho fToqiaoaosr tt^ i t aet tâ q:ao« bat dopoadt 
<^a tho aaturo of tho goa aad tho elootrodo soparatioai i a 
mmst ojEperiaoata i t i a obsonrad i a tho rogioa of a foo baadrod 

Tho ooeoad o r i t i o a l froq^toaey fOg io aaooeiatod with tho 
aoa*r«aoval of o l o o t r ^ from tho tOBt*gî « Undtr thooo 
oirouastaaeot tho provioatly deaiamt agoaey of olootroa 
losB^aobili^ oapturo by tho idootrodos • i s no leagor 
oporativo* Bonoo brtahdoM* whioh aiQr bo rogardod as duo to 
tho failuro of o ^ t i l i b r i u a botwoioi ratoa of oloetroa goaoratioa 
oad loaa^ ooa thoroforo bo oxpootod to start with a r o l a t i t o l y 
l ost o&srgotio fiold# 

29 26 27 
Sotnral wxektan, * ' havo oonf iraod by oxpoziaoi^ 

thio loworlag of the throthold f i e l d Value. 
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She o r i i i a of breakdeim theexy at froqueaoioa ozooodiaf 
the aeoond t m a i t i o a i a rooted i a tho wexic of S«C« Browi et a l * 
ftt the lf,I.7« Sxporiaeatftl roaulta oa saaea ooafined v i t h i a 
ft roaoaant c a t i i y aad aubjootod to aiorowafo oaelllatiMuitIM 

28 
to the propoaitioa that breakdoaa i a a aea^attaohiaf f a t 
eeuld (aabjeot to oertaia l i a i t i a c eoaditieaa) bo oxplaiaed 
aiapSy l a tofoa of eleetroa prodoation by eoUiaiea ieaiaatioa* 
aad t h e i r loaa froa the lyatea by diffuaivo pxaoaaaea* 

the t o t a l flew of partiolea fToa a rogioa ef high 
ooao«atnitioa aay bo w r i t t M at 

J * - V at 

Aaaaalas that aa oxtaraal irradiatiBd eourco ia providiag 
ft aaall rate ef ioniafttioa 8 i n the gap* tho oentiauity 
oifoatioa a i ^ be writtea aa 

y ^a • S - V J 

v^n • 8 • 5^ V^a ••• (5) 

Bqvatioa $ aiQf be aedifiod to iaelado dopopulatioa by eloetzaa 
attftohaoat to aeutral atoati (loadiag to reoeabiaatioa i a the 
voluae of tho gfto) by m r i t i a c tite oqaation i a tho fam 
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g . ^ - v . ) . • 8 • 

« 4 S ^ a •,. ( 0 

i t the rate of attoohaoat sad hoaso 
ia tho act rate of olootroa g«aoratioa« 

AsBuaiag that tho appreaeh of broakdewa is so slow 
that ̂  ai(r bo aoglootod^ the o^uatioa for a aoa-atta^iag 
gat bo<»aoti 

a • v^B * * 8 «•* *** (7) 

tbiB tolutioa of oquatioa 7 baqprotaoa the elootrea dsatity 
a at tMO arbitsxy dial^poo z froa tho aediaa plaao botwoea 
parallol platoa of oepaz«tioa d« wist 

a » . w.. ...._ ̂-̂€-,, ••• «•« V"/ 

Iroskdowa aoy bo dof iaed at tho ooaditiea that tho olootroa 
deatit/ gooo to iaflaity* i*o« i t ooearo irtisa 

" 1 " ô ^i^^ ••' 
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An altoraatHro wfty of atatiag the oqoilibriua enaditioa ia 
that aa olootroa ereatod i a the gap eaut aako eat ioaialag 
ooUiaiea ia i t a aaaa Ufotiae, t ^ aa l i a i t e d by difAiaiea 

i,e, « ^ • ot^ (^0) 

t ^ ia related t o diffUaioa Xoagth aad difftiaioa eooffioieat 

by oquatioa (11)» viai 

t j j « ^ *•* «>• (11) 

A i a ft ooavaaioAfc <|aaati1gr# the *difAiaiea* length (ia^rodaoed 
by Mo0oaald A Brewa}^^ whieh deacriboa the geoaMtxy of the 
diaohar^ «̂ aaibwr« 

The aolutioa of far a eyliader of length d aad 

radiua i a 

. (|)* , (hi^f ... ... («) 

She f i r a t torn on tho &«H«S« of tho eq|afttiiift deaoriboe 

d i f f ^ i o a to tho oloetradoe of a parallel plate ayataa, the 

flOooQd tera roXfttoa radial diffaaioB away f ^ a the eXoetrio 

f i e l d , 
l^roa equfttioaa 10« 11» end 12t 
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Coi^Muriag oqaatioaa 9 aad 13 i t i t ao«a that the t o e h o l d 
oatproaoiouB for are idoatioal for largo values of t i,o« 
tho alaplo ofAotioa ia a spoeial ease of tho aero gsaoral 
exproesioa i a whioh tidowtyt diffusioa i a t a i m lato aooooat* 
AarooBOttt boteeea tkeary sad ypocitten| 

Horlia A Brooa totted tho diffuoiea thooxy at aiorewaTO 
f^ftttsooioa i a tho prstturo roago 1 « 1,000 an. Bg« Good 
agroeaeat was found botwooa saqpexlatatol and theoretioal 
waluot of t withia the l i a i t i a g ooaditioa of theoxy* 

Srewao A tlsxiP osctoadod the applieabUity of the theory 
iato the radioofroquoaoy rogioa# They hare ahowa foaatitatirely 
that, i f diffUaioa i s the deaiaaat roaowai aoehaaiti^ tho 
ourvo relating S A to pA w i l l bo uaiqao for aiqr one gat* 
1«4*4 Brei^deim uador ooaditioat whore i t tho taao order 

Choaget la diaohargo bOhaTlour are to bo expeotod whoa 
tho oollioioa «• and f i o l d ^ f M ^ a e i e e are tho aaao ord«r «r 
aagnitudo* Xa thi s r ^ i o a tho ohaago takes plaee bottoea aaay 
ooUioioaa p ^ oaoillatioa ( »o^) aad aaay eseillatioes 
par QoUiaioa ( » V^}* Utlag the data iatre&iood i a Soot&ea 

- 35 -



1*3*3* i t i t toea that aittOft 

mu fbr •» 

f 
Heiiee Ur a t e t t - ' g ^ iMiateiaod at ft ̂reaaaro of a few aa.Qg, 
froqaaaeioa ef the order of 10^ V t * required to atadbr 
the troaaitioa rogioa* 

tht r ^ i d ftdvaaata i a aitirowftVo toohaiqaea At r i a l ̂ 93$*'^%5$ 

end partiottlaray tho devolepMttt of high>powor e a t i ^ 
aagaatroaa^ extoaded arailablo frequMoy oovoroge iato tho 
doairod baadi i n 19^ 8«6* Irewa tad hia ooUoftguea pobXiahod 
their f i r a t papor^ oa C««* braakdoim at 10»000 ll^^a* Aa 

iadioatod ia Sootioa pXota ef broafcdowa fioXd egaiaat 
gaa proaaoro eatobXiahod diff)>aioB aa the eeatrolliag aethod 
of olootron leaa* tot wharo«a> at the higher preaaaroo atod^ 
t do^Ptftted regularly with doeroaaiag p (eoafamiag to a i a f l t 
diffaaioa thooty)* tho f a l l waa set aaintaiaed aad below a 
aortaia praaauro I aaa obaerrod to riao again quite rapidly* 
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Caloulatioas thawed that such alaiaa eolaeido with the oaaditloa 
v^m eoafitaiag prsdiotioaa that tho offioieaoy of oaevcr 
troaafor froa the f i e l d f a l l a o f f iriioa the olootiroaa ooato 
to aake aaiqr eolliaioat during la otoiUation of the f i e l d * 
1«V*5 Broakdowa mUp o»aiitioaa whore « ^ » 

So far* dioohargo behaviour hao oB^y bow reported uador 
oiroaastaaoot whttt tho goa prosfuro haa oxooodod a few aa* Ig* 

Xa f aet« oxporlaoafeal data, oowariag an n t n d o d range i a t h * 
low prosouro riiiea» are toarto* 

em «id VOB aigol'^, howowor# hawo aade iiq>ortaiit ttadioa 
l a o t a ^ t o d glaat oaeloti»*e«« uting «et«faal poralXol-pXot* 
olootrodot aad a warlablo fre^toaoy aupply* Iroakdowa uador 
thooo ooaditioaa la attr&batod to a typo of elootroa reooaaaoo, 
brought ikout by aoooadaiy oalotioa tevm the i(latt wallo t f t h * 
ttitbo* 

At tho low prosauroo iavolwod 10*̂  Ba*l|g*) olootroa 
aotlea uador the inflaeaoo of the oxternal f i e l d ia not iapoded 
to ony olgaifioant oactoat by oolXitiont with gat aoXoowleo* 
Hw build*up of populotioa roquiroe that oleotroat IMWO OBO 
wall with favouroblo volooity i a a auitoblo phaae with ^ f i o U , 
trawMrso tho gap i a a half»oyela aad atiika tho opposite well 
with ouffioisat aaorgy to eauao the aoK^iaat^taaooua roloato 
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9t fVurthor ideotroaa by aeooadary oaiaaioa. (!ei»ae aoeopdaty 
portioXea aay i a turo bp rattmied to tho erlgiaaX faoo thereby 
aauaiag tho raXaaeo of Airther oXootroaa}* Heaee* preriied 
that the of feotivo aoeoadaxy oadaaioa ee«nrieiattfe ^ aaiaaada 
vnity* ft roguXar buiXdp-af w i l l tafee plaoe eulaisatiag i a 
broftkdoira* Per tho glaaa taaael iavelvo^ ia^mt veleeitiea of 
40 e«T. are aeeeaaary to give unit eaiaaim oooffioient ^ • 

Die exporiiMntolly obaorfod TaXuea of breab-deon f i e l d 
wore pXotted aa a funstiaa of warelangth* Far ft tube of 
^•0 oiao tho breakdown f i t l d waa obaerTod i n i t i a l l y to 
daoroaae with iaoroaaijag ^ • Farther iaeroaao i a X waa 
fbaad to oaaae an ehropt «ttlHiff« fblXowiag a rogiaa of f a i x ^ 
oonatont f i e l d * « 

a i l l aad Von l a i ^ hacra baaed their qittatitativo atu<l^ upoat 
oqiaatioaa doriTod ftraa tho aotioa of oleotrena i n •aeao* 
acaaly: 

" i <• * ^ l i r i i (14) 
• ft» 

« * 4 - l i I * ^ a i a ^ . . . (15) 

where 1^^ ia the iapaot v«Xaeity»aad ¥^ tho i n i t i a l To l ea i i j 
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of an oXeotroB aeviag with fafourabXe phaao /!$ i n the f i e l d * 
A eohfttaat rolfttioaohip botweaa and waa aaaMed« end 
by aaoigaiag ft auitftblo value to their r a t i o (obtftiaed l y 
t r i a l «nd orie«r)9 o theorotioftX ourvo waa obtftiaed and fvmi. 
to ooafora eXetely to the oi^riaeataX plat* 
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2* imOPOCTtQII TO tMB BaSAKDOtW STUDIIS AT 
lA M«/a. and 20 Uo/i: 

2.1; ladiffi^QUonoy brookdoon at proaouros excoodlji^ a 

In dioouaoing a.o* broakdomi l a gaaeo (Chi|}ter l)» 

theories conooraing the starting of a discharge wore 

eategoriaed i a terao of tho offieienoy of energjr traaafn* 

between tho aouroo of eXoetricaX power and the charged 

partioXes present i n tho gaa* 

On the other hand, breakdown under proacrlbod 

experiaentaX conditions aay aoaotiaes be oenveniontly 

otudied by investigating the appXioability of the diffttoioa 

thoozy to tho results obtaiaod, oxporiMoo ahevlng that i a 

this way any dopartoos froa tho theoty are more roadUy aado 

explainable* Thus* Prowse and Clark^ invoatigatod tho 

onaot of electrical dioohargea i n a variety of gaaea* both 

oonetonio and diatoaio, attaohing aad non»attaohlag» with 

a view to eatabliahiag the aeohaniaa of breakdown. Only 

relatively h i ^ prossuroe wore oaployed, (beyond a few aa. 

Bg*}* 

nrovlous to these studies, oonBldorsblo doubt existed 

as to the nature of such dlachaxvos under such oonditioao 

that oleotroas both oscillated between the oleotrode faooo 
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during ft half-<5ro?^ of the f i e l d , and aado wauy ooXlialoaa 
per oaoiXlatlOB^^»f)* Data f*oa the woric of Pia^\ 
and Broweo and4ftnô «̂ for exaapXo, indioate that the 
atarting f i e l d f o r a gaa at a giiran preasuro ia Indepezident 

of the eXeotrode aeparation; the view was taken, therefore, 
that breakdown atres^ is a oonstant quaxijbity* oharaoteriatio 
of the presaure aad nature of the gaa i n queatlon. Iheao 
roauXta were, however, not i a accord with other iseaaureaaataf 
notably by &itheBa^^ and "iltoffipaoia?* I n theae caaea the 
roauXta ware oonaiatcnt with a dlffuaioifcontroXXed buiXd-
up of oXeotron population* 

^ quantitative analyais, Prowae and CXerk were abXe to 
deaonstrftte that . i f i a gaa at ooastaht preaaure, breakdown 
over a wide range of eXeotrode geometriea oon be brought 
about by the appXicatien of a high frequonoy f i d l d irttoao 
oMignitudo ia auffiei«xt to preaete a rate of ooXXiaiea 
ioalsatlon Juat i n wcooaa of the leaaea tron the ayatea by 
dif1\iaion* 

The oonoXuaiona roaehed regarding the inconaiateneiea 
referred to, were that they eouXd be attributed to tha uao 
of undeairabXo eXeotrade ahapea, aad, poaaibly, iapure gaaea* 
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i»2 »»sult« of Praw— laa Clark at 9«5 Mo/a. 
^ i c a l esqperiMtttal ru&» at flxad preaauraa i a faydrofaa, 

nittH>|;en and air ara iXlustratad i n Flgura 2, aith paak 
t>raakdo*& strass plattad acainat alaotroda aapai'atiaa. I t ia 
aaan that aaoh ourra la diar£tetariaad by t«o diatinat ragiaaa* 
For ahort gape 1^ daaraaaaa rapidly with Iroraaaiac ^ 
irowevar, b«ryoad a oartaln valua of d (dataraioad by tka laa 
praaaura) furthar Inoraaaa I n aleotrode aaparatlea ia 
aaaoolatad witti a aaall but ataady lowarlBs of f l a i d straogtb* 

Diffuaian thaory waa found to apply i a tha lasa ataap 
parta of tha ourvaa. l a thaaa ragiona alaetrotu eaolllata 
to aiad fro within tha taat «ap, thair I l f a t l n a l i a i t a d by 
the time taken to diffuaa althar to tha aleotrodaa or radially 
out of tba int«aaa flaXd ragiaa* Furthar, tha elaetvana 
OBOlIlata i n phaaa with tha f i a l d aincay^Xi) avan at tha 
lowaat praiauras uaad« 

Sha i n i t i a t i o n procaaa on tha ataep parta of tha eurva 
ia not deainatad by dlffuaiea loasaa. Baarins In aiad that 
alaetron oaoillstlon aaplituda ia datarwiaad by gaa praaaura, 
fiel^fraque&ey end f i a l d atraasth - and not by sap width • 
a ataady raduotlon i n d froa a high valua (with ehaafiaf 
only alowly) auat raault i n a o r i t i o a l aaparation d^ balow 



which t h * cleetrpiis ar* «bX« to span the •leotrodat, dvodag 
a half'-pariod of tho f i t l d , hy aobUity aotioB l . t . tho 
transition values of d oexreapend to the second traasitiea 
region referred to i n Seetiea 1 ̂ •3* The increases i n f i e l d 
strength required to start the discharge for values of A< 
are evidence of the neeessity for increased f i e l d * i t t t i n s i f i e d 
ionisation to oounterbalaaee the increased rate of loss due 
to capture by the eleotredes* 

I t is thus sem that the na^tude of the breskdem 
f i e l d under d i f i ^ i o n eeatrolled conditions i n *hi^pressttre* 
gases at short*«vave frequencies i s oharad^erised byi 
(a) a sharp rise^ whenever liodting conditions are sneh 

that eleotrons reach the electrodes by oscillatozy 
d r i f t , 

(b) a slew but steady deerease« f o r increased eleetrod* 
separation at fixed gas pressures. 

(o) a decrease* whenev«r pressure i s reduced at oeastant 

eleetrode separation* 
2.3, Meaŝ irwwn'̂ s at î ô sfwhat lower pressures 

Having estsblished the a b i l i t y of a diffusive nsehsnisB 
to operate at radio-frequencies as well as i n the nioro* 
wave regienf further neasurenents were nade by Clark^^ at 
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aoaawhat lawar praaauraa» to tnabla oaloulatioaa to ba aada 
of ioaiainf affloianolaa atrar an axtandad raaga of ]̂ p« 
l ^ i o a l plota ara ahowa l a figura 3* 

Caloulationa ahow tluit for tha two gaallaat aaparatiaaa, 
5.08 and 7*^ m, alaetroaa wara abla to raaoh tha alaetradat 
by a o b j l l ^ d r i f t fbr a l l praaauraa uaad. Far gap widtba 
O.lS'* 15,2V am, tha tranaitiea to diffuaiaa centroUad 
breakdown ia olaarly iadioatad* at praaauraa ranging fraa 
2'* 6 am* H.g. (tho * a r l t i a a l praaauraa* oorraapMd to 
tha o r i t i o a l gapa d^ l a Figura 2)« Jtet, at tha largaat 
aaparationa, 20 i2 mm^,, tha oaaat f i a l d ahowa a oontiaaava 
daoraaaa down to tha Xawaat pra«suraa uaad« Thia run i a 
particular waa eonaldarad to ba of graat intaraat* Valuaa 
of breakdown f l a l d raoortad wara lowar than eiay hitherta 
publiahad undar unifera f i a l d oonditiana and wara algaifieaatly 
aaallar than thoaa obtained at aioro-wava frequasciaa* RewaTer» 
no f i r a intarpratatieaa ooold be aade regarding tha aigalfieeaaa 
Of the neaauresentat for two reaaeaa* Flratly» tha praaaura* 
aaaaurlag device uaad far the l^waat praaauraa waa a a^Xa 
diff a r a n t l a l gauga» liaaar aaala, whloh did not perait reaardlaga 
below about 0.3 m, Bg« Further, the acouraety af the laatinaaMit 
baXaw 3 oa*%* waa quaatioaable. Seeoadly, the veltage-
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ttSAsuring jeystsBf based upon aquare^law deteotioa, though quite 
suitable for neaauring voltages i n Mccess of 200 volts* was 
inherent:iy insensitive for values below thi s figure* 

^us, 0 1 ^ tentative suggestions nay be aade regarding 
«n explanation of why the starting f i e l d can be driven lower 
down at radio-frequeneies ooiqpared with aioro-wave values* 

Ans3ysis by McDonald and Irswa^^ shows (Seetiea 
that the collisioaofre^iiney transition using niere*wave 
sources occurs at pressure values about two ord^s hi^ier 
than at short*wave radio*'frequncies* breakdown at preasurss 
below the transition vslue is characterised by a rise i n 
onset f i e l d values* Rense* given a jorsten at radio->freqtteneies* 
i n which the electrode separation i s large enough to enable 
eleotrons to oscillate within i^e gap* diffusion oentrel of 
electron loss, with inheront ease of starting a disehsri^* 
should be expooted to operate at lower pressiu«s than is 
possible under nierowave eonditions. 

Such an explanation could net be tested fron Clara's 
UGasureiseats for the reasons desorlbed. Also* i t was f a r from 
certain that the rates of electron nultiplication end less 
continued to be doninated by collision ionisatien and diffusieii* 
respectively* under the conditions of f s i r l y low pressure and 
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wide eleatroda apacSag; the poaslblllty of other aeohiaiaa 

baooaing active could not be li^Mred. 
^•^ aie aamar^ytal f r y ^ a a * breakdown a^ yadlo-(ra^p||BrtH 

l a view of tha uaoertaiatiaa with regard to tht phyaiaal 
jrooaaaaa Involved i t waa daeided to aake a ayataaatia 
inveatigation of tha breakdown of relatively large gapa i a 
tha radia^fraquinoy raglea, uaiag pure gaaea at praaaurea laaa 
than 1 on.R.g., with aMaitiva and aocurata equlpaeat to 
aaaaure the paraaatera i>valvad* Alao, i t waa oonaidarai 
that aaaauraaoBta lavalviag eactreaely law valuaa af braakiaaa 
atraaa under uaifora f i e l d eeadltiona would ba af aeaa taahaibal 
iatavvat* (toe axaapla af thia waa the failure of radia ai^Mla 
froB high-altitude reokata whioh led FaaKa'̂ ^ to atudy lav 
praaaiuNi braakdawa i a air at 77 Mc/a* latareating raaulta 
w«ra obtained, iacludiag lewiuaerieal valuea of atmrtiag f i e l d * 
However, to aiiaulate the traaaaitting aataaaa of a raakat, 
ooacentrio oyliader geeaatrr wae uaad, giving radial aaa* 
uniforaity of eleetrio f i e l d and uadaairabla edge effeeta* Alee, 
froa tha phyaioiat'a point of view, air ia not tha aiaiplaat 
gaa ttom whioh to aaka deduatio&a regarding ftiadaawtal praeaaaea* 

Tta apparatua daaeribad i a Chi^er 3 waa daaigaed aad 
ooaatruetad to aaat the requiraaeata praviottaly dlaeuasaA* 
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3. m m m 

The essential requirenents of the apparatus were as 

follows} 
( i ) A glass disohargo chanber suiroundiag (bmt 
suffioiestly renete fren) a pair of unifora f i e l d 
eleotredea* and ooatainlng the gas under test* 
( i i ) A high frequency voltage source of given freqtieaoy 
and variable* but known amplitude* having sufficient 
strength to break down the gas* 
( i i i ) A vacuus ty^im cspsble of puaping down the test 
l i n e to low pressures* aaintaining a given pressure 
under atede conditions and provided with pressure 
asasuring equipoest* 
( i v ) A supply of speotm31y pure gases* with f a c i l i t y 
for pipetting test ssaples into the aain vaouua liae 
and th«ice into the discharge ohad!)er* 
(v) A steady supply of in i t i a t o r y eleotrons* to reduce 
s t a t i s t i c a l tiae«lfigs* 
The vsriable quantities involved includedt 

Gas Pressure* 
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KUotrede Sepsratiea* 
f i e l d freqaeney* 
Field Strengtlu 

Cart was taken i n design to allow the adequate varialiea 
of these qusntities sad to aeasure then with accuracy* 

A schraatic diagraa of the apparatus i s shewn i n 
Figure 4* 

3.2 ^is^hary^ Cfra|i^ 
Co^tirHoHona;,^fag| 

Design details of the ehaaber and i t s acoessories are 
given i n figure 5* The vessel was asde to speeifieatiea at 
the Wear filasa WoziEs* frea 17*8 ca. (I*D*) t^yrex pipeline 
17*8 oa* i n Iragth with wa l l thiokaeas 4*7 aa. The opea ends 
of the chsabsr were aale parallel and accurately ground* 

TWO short araa with B*19 cones were set at righV-aagles 
i n the eeatre of the ohsaber* ^ Mking cenneotiea frea 
both these points to the pulping and gas-injection systeas* 
continuous oireulstion of gas waa ensured i n djrnaaie wevking* 
One of these eras also acted as the path for the ultr»-vielet 
irradiating beaa. l a addition* two 10 on. diaaeter wiaiewi 

provided ea«^ access to the interior of the ohsaber f o r the 
purposes of assMbling and aligning the electrodes* During 



tha iiwaping praoaaa thea* windawa wara aaalad with 4*7 

thick ground glaaa oavar plataa, l i i ^ t l y aaaarad with Apelaea 
high vaewa graaaa* 
Tha <aida of the ohaiebar wara olaaad by a i l d atael plataa, 

aoourataly turned and gMuad* Matal-ta-glaaa ••A were aada 
witli Araldita 103 l ^ a y taaia^ to give vaemun-tight uaiaaa* 
Thaaa raoainad leak-free for the whole period during whiah 
aaaauraaanta ware tekea* 

To perait variatian af alaatrode aaparatiaa witheat 
diatUTbing vaouua oanditiaaa» 1*27 oa. diaatarbraaa takaa wara 
aat ifito the baeka of tha alaatradaa «nd paaaed out of the 
Qhaaber through braaa bttahaa aealad to the md-plataat lata 
apacially constructed vaataia ballawa* 

The ballowa, oonatmatad to apaoifiaatloa by Magretti 
and 2aabra £*td*, aaoh eoaaiatad of a ataek of 10 oapaulaa 
aada froa raiafcreed heat-hardmed bazylliuM-oapper* Co&M 
f i t t e d to the aada of the ataaka aai^lad the eleatrade rada 
to ba aecurely oeanaoted to tha ballowa. Bach pair of ballawa, 

• 

af diuMktar 7*4 oa., had a aaxiaKoi wotting dafleatian af 3*9 a«* 
giiring riae to a aayiaua alaatrada aaparation af 7 ca* 
3*2.2 Y i f f ^ * ^ f t ¥mwmf\%M ^^^^ ?fp«f*n<m 

Tha diatanca batwaaa alaetrodea waa varied by aoravlag 
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the two pairs of las^e bevelled nuts (X^ ^ ^1* ^ 
the eleotredo shafts agsiast fixed a i l d steel discs (9^ aad D̂ ) 
causing the bellows to be expand^ or contracted aad hMoe the 
fleotrode spaeing to be variod* 

figuree 6a sad 9t show the aicroaeter sorew gauges used 
to aonitor oleotrode separation* These gouges were fixed by 
horisontal eras to r i g i d vertical piUara (P^ and Pg) and eeald 
be swung May by releasing the serewed collars en P^and Pj* 
The aiereaeters were referred to steel bells sealed into 
90® oountersiskiags at the ends of the electrode shafts* Xere 
separation was doterained oleetrioaUy using a d*o. vtltage 
sottroe* current l i a i t i a g resister and a n i l l i n — s t a r * 

I t wss appreciated that atteapt to isolate the 
interiors of the bellows fr»a the aaia ohaaber would f a i l due 
to leakage down the outer walls of the elaotrode ibafts* fe 
atoid this d i f f i c u l t y * A aeH.es 0*8 aa* holes waa dr i l l e d 
through the brass bushes into Him interiors of the bellows* 
giving, pressure equalisatioa* 

3*2*3 m^jfToi^ f ^ f l i t f ^ * §WfBi?ft qrfffflf 

The usefulness of m»k breakdown data has bsen lessoaed 
by the ohoiee of i4adesirable electrode shspes* psrtisularly 

• 48 * 



pliaa-parallal diaoa* vrhilat tha aaciatattoe of inherent 
f i a l d Itttanaifioatian at tha aleotroda adgaa haa bean realiaad, 
aavaral werkera have oeaaluded that ainca auoh diaehargea ara 
ooioaealy eb^arvad within the uaifara central region, th^r wara 

34. 
i a i t i a t a d there* Mora raaantlyf evidence atrongly auggaata 
that tha locality i n whieh a diaeharge la ini t i a t e d aaaaat 
he readily deduced l ^ a the poaitioa of a auatainad diaoharge* 

The ideal uuifass f l a l d alaatreda ayatea would eeaaiat 
of a pair of i n f i n i t e parallel plataa* l a 1926 fiagawidei^ 
damaatratad aathaaatiaally that Aeotradea of f i n i t e aiaa aay 
ba auitably ahapad to f u l f i l tha aonditiaa that eleetria field 
atrangth ia nawhara greater than i a the oentz«l uaiferafialA 
ragioo. Sueb aleetradaa have frequently been uaad i 
eleatrolytie tank teata easfira a gradual daoreaaa i a f i e l d 
latanaitiy away froa tha aeatra* 

Frea a purely •aplrieal approach Staphenaaa^ haa derived 
«̂ eotrede prof Ilia mhich f a l f U the aaaa conditiona aa Bagawalti 
prof ilea but whioh have the advantage that thay are aiaplw ta 
eoaatruot geoaatrieally* I n addition, tha Staphenaan pn^^a 
effara, per unit area of tha elaetroda, a greater eaaatait f i e l d 
region than the fiogowaki envelope* l a eaaence, the Stepheaaaa 
profile haa a plana oaa t n l regiM, leading to a aaetiea which 
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follows • $ism eurvt tul»liMtM 1& m «ro of « timlA* 

Til* thftp* aaA A I M M I M U df tbe adopted SttphMUtM 

pctitil^ art ahoim i» Tigitf ?• 

(» Gh»i^ t f i j ^ y f f ^ l»^ffrH ft^m^ 
At ti» tSsM. of eoBttiu9tt«a of tho •pp«fftt«w i t «M aH 

bolieiroa tb«t t l i t pfaorflieal proponlt* of th« olootrotU torfMoi 
NO old h«T§ tUQr ijBportaiKt «ffMt upon tho i n i t i * t i M i of 
diteiuurgoa - i s «oct easts ef hifb-frtquMiey bz*ttk4t»o tbo 
t l t o t r e d t t twnrt t t t t m i t h t CM tad l i a i t tlao «ctt«t 
of t h t ditolvurgt* 

Brtst m9»t thtptffrt« t t l t t t t d t I t r g t l j r betwct of tlM 
o t t t with wfaieh i t coulil l i t turatd and grtuad. 

Tbit ehtiot w«» l a t t r t sourtt of t r t u b l t btctatt ttttmdtzjr 
t n i t t i o i i troa t h t t l t t t a r t d t f t t t a btcast an laport«it part of 
tho brtakdowB stchttiiMi at 20 acd &ot data art availablt 
fi»r atoondary wdAtioii faraa birastta* 

A tiiqplato fonsar of half «a tlt o t r o d t p r t f i l t was 
comtraettd* Cylindtrt of braaa wtrt tvunttd i a t h t latht UBtil 
t h t i r p r p f i l t * rou/^ly oorrtapoadtd to tho feratr* 

As aocuratt oorrt r t p r t t m t i t i c t h t dtsirod p r t f i l o 
tmrtlopt (flMcaifitd tm tiiota) was draiA on a seroott. Optieal 
•tant wtrt uttd whtrab^r a parf|a.itl btaa of l i | h t froa a aaall 
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Iat«ttui» sottree (pAs«td t l i r o t t i ^ « good quftUV eoad«u»y3MM) 
pz^jeetdd m im^g^ of th« r^ofh p r e f i l * o& to t h t nv—m ( t l * 
*ix)tli«r l«ui}» Vezy otty«fuX wiifiawnt waa a&At of tb* MMCM, 

Ibd •icotMde i a -kh* Xath* WM eartfuUjr fll»d u a t i l t k * 
pai«J«d%ed iaias* cozrtapftiidted nor* aUaely to tho Moit^toly 
di^aim i ^ f i l * on the teirfOM* Final aoourMQr ( l i a i t t d b/ tlw 
diffraotioa odgo of tho l i g l i t boas) «as obt«4n«d by * • • r i o * 
of leHndiai iBatozdaXs* f i r a t l ^ r * ejaeiy paper of varjdag 
gradea* followed i n tura by optical sriAdias jpaate and f i n a l l y 
• otal polSab u n t i l the irojeated parofHo oorreapoaded to the 
iMater p r o f i l e . 3I» eleotredea ware oleaaed uaiat easrbaii 
tetraohIeride« acetone^ and tijtmU^ diatiUed water* befara 
being careftally dried* 

fttaohft^pt of yy f̂ffnffg 
A *tttfael* diae waa a«ak into a reeeaa at the baak of the 

upper eleetrode (Figtare 1(a) and fixed with ayloa aezwa. The 
diao waa internally tapped to aoooiHBedate the eleetrode ahaft* 
Figure alao tixQWB that the diac and the bade of the eleetrede 
vera d r i l l e d end tapped f o r the 16 S* i.a. copper wire need to 
feed the high freq,(i«eey avpply to the eleotroie* 

Care waa talcen to enaure that the feed wire waa eoaxial 
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with tht t l t o t r o d t ahaftf thoufh at aa addtd prttatttiMi *<aiast 
a possiblt thort ei7c«it» t htlltw P#7.C* tubt wat isttrtod 
bttwtta tht wiro and t h t inntr wall of t h t shaft* Tht r t a t i a i a f 
tpaot etntaiiu^ a i r at ata t t p h t r i t p r n t o r t . A waeuaa t t t l t f 
t p o ^ r t t i o was uttd (artuad t h t t u f a t l dito) t t prtvaat 
leakact of a i r l a t t t h t distharyt cbtabtr, Tht poaaibilitjr t f 
o l t o t r i o t l brtakdtwa bttwtta w i r t and ahaft wat aett i m l i k t l j , 
Vor e t t a t t r i t s t i a i l a r to t h t t t «i$>Ie)ytd« a valtagt of bttwtoa 
20-50X7 i s r t ^ u i r t d to i»itiato a ditduutyo at atattphorio 
prmawrt, aaxyr t i a t s i a txttss ef t h t aaxiaua Ttlwt ttsod* 

Breakdotn bttwtcn ctaadal «grliadtrs uadtr A«C. co&ditiiat 
hM bttn stttditd bgr Shlaaair^* 

Tht attaohamt of t h t I t w t r t l t o t r t d t i s showa i a figitr^ 
6»» A brass dise was fixtd« by Allan scrtws, into t h t ^brillod 
holt i a tho baok of this Aoot9odt# A 1/40 oa, rubbor diss 
was f i t t o d betwota t h t brtat diso and t h t t l t o t r o d t (with 
taitablo holos f o r tho passaso of t h t f i x i n g tertws) st that 
t h t eltotrodts eould bo aomurattly aligntd horicental2jr» whaa 
t h t f i n a l asstuhly was ta4t« This was &>nt by uaing t h t fiadaf 
tortws as adjusting sertws« tilt rubbtr diso p t r a l t t i s g t t a a l l 
aaount of angular r t t a t i t a . I l o t t r i o a l eemooUea bttwota t h i t 
t l t o ^ e d t and tho oarthod sidt of t h t supply was asdt by wtsrasl 
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eenneetion to the eleotrede abaft* 

3«2«5 Aliaaneat 
The two end pUtee wero d r i l l e d together to enaure that 

the eleotrode shafta and henee the eleotredea theaeelToe would 
be aligned wertioaUy after f i n a l aaaoiifely* 

Sinoo the two oaotral 10 en* wiadewa i n the ohanber wove 
at right«>anglea to one anoth«r» a atraightferward o f t i e a l 
•ethod of cheeking the eleetrode a l i g n m t waa poaaible* naiag 
a eathoteneter nouBtod i n turn i n front of eaoh window* On3y 
a fractional adjuatnenl to the alignaant waa found noeeaaaqr* 

3*3 ^ y^^ifm . ^ i f t ^ \ ^nnmmi^ 
3*3*1 general Foatarea 

Figure 8 ehewa the f i a a l deaiga of the lyatea* 
naia raeuua linea were oonatrueted trm 20 an* 

l^rrex tubiagt eneuHag rapid throughput when outgaaaiag the 
oyttea* Contiaaoua oireulation of the gaa »aa «iava>ed by the 
inoluaiea of an i n l e t and an outlet era i n the oantre of the 
diaoharge ohaadber* 

Peraaaent greaad ioittkB end aetal«>to*glaaa anioaa frea 
the to the glaaa vaeuun li n e were aealed with ApieaMi 
wex* 20 aa* bore high*Taeaua atopoooka were uaed <m the aaia 
vaeuuB line; otherwiae 10 aa» bore atopoeeks were iaeorporated* 
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Both typos wtrt f i t t t d with Staltd hollow pluga* Any a t t t i t a 
of t h t systta could bt i s t l a t t d ; a l l tapt wtrt rtadily atettsibltt 

I n i t i a l prttsuro rodootion was obtainod using sa Hoard* t 
"Sptodifae" retaxy o i l puAp« and t h t high Tttaua tr«m aa a i r * 
teoltd two-stegt "Spttdirao* silicons o i l d i f f u t i t n puap« 
f i t t t d with an i a o U t i t a b a f f l t * 

Various aethods wtrt astd t o r t a t t t ecoludtd gatts tvm 

t h t walls of t h t syittMt 
(a) by wrapping "Bleotrtthtraal" heating taptt roiad t h t 

wallt of t h t syttta* 
Uting tncrgy rtgulattya a tmptraturt t f 325*C was 

obtaintblt, whioh is t h t optiaun toaptraturt for t h t 
rtaovsl of tooludtd gas froa ^^yrtx glass. 

Ttniptraturts w«rt SHtasurtd using thtratooupltt tnd 
a ealibrattd galwaatattM** 

(b) by running a *Tosla* o o i l along tht gists walla t f t h t 
syttMi* 

(o) t h t <aootrodos woro eloaaod by applying a glow diashatit 
betwoon thorn at rtgular i n t t r r a l t * 

(d) a l i q u i d a i r trap was i n s t r t t d bttwt« t h t puiQt sad tht 
aaia vaouua l i n t * 

( t ) a phosphorous ptnttzidt t n ^ was p l a e ^ i a t h t waeuua liao« 
A- . 
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aitaated on top of the backing puap* 
I t wae ibund that aa altiaato praaaure of lose thaa 

iO*^ nn.Hg* waa obtainaklo* ho obanrvable change i a proaaare 
oceured during breakdown aeaaureaant* with the diaeharge ehaaber 
iiolated fr»a the puapiag ayatea* 

Saaplea of apeetreaeopieally pure gaaea w«re obtaiaed 
f ^ a B.O*C. Ltd* i n 1 l i t r e flaaka* The flaaka were f i t t e d 
to the ayot«B uaing B 19 eoaea* Hie aeala were bn^ea 
aagnotically wh«i required* 

8aall quawtittta of gaa wero intiodueed iato the ̂ atea 
via the pipettSag l i n e ahowa i n Figure 8* 

Tk$ whole tyatea waa regularly fluahed with aaaplee of 
gaa to aaaiat purifioatioa* particularly whoa a ehaage of gaa 
waa i a prooeae* 

Dotdit aa to the purity of the neon aaaplea ia diao«waed 
i n Chapter 6* 
3*3*5 ̂ aau»^e ttoaauroaap^ 

IKariag a l l ezpttdaaatal nma en Xdwarda Piraai Caage 
was aaed (<}S/2) f i t t e d with two gauge^heada* Oaa preaaare i a 
the diaehargo veaael waa aonitored by one head aited near the 
ohaaaibor (Figure 8}* The aeooad head* fixed abowe the diffuaiea 
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puip» was used tia p l y as an indioator and aaftty ohtok* 
AOouratt aeaaurtatMis wtrt possiblt i a t h t rsagt 0*0001 

tm* Hg« to 0.1 nuHg. Msasurtawts wears also possiblt bttwtta 
O4I iOBi* Hg* and 1 aa* Rg* bat no grtat aoouraoy oould bt 
olaiattd In this region dut to seals oraapiag* 

Calibration of tht gaugo was oarriod out by tiio 
aaaufaeturors f)>r Hey a i r i oorroaponding prossures for othor 
gssos Woi^ obtainod by roforoaeo to calibration currai 
prowidod* The oalibratiea was ehookod i a t h t leboratoxy using 
a lolftod gaugt* 

3 A Thy l^ffi^f^iff y t ^ l m gaafratoy 
3A.1 avMrwX Dt?eript|yt^ 

Basioally t h t r t ^ ^ i r t a a t t ef t h t gtntrstor waa to prsTidt 
a stable sourot of a l t t r n t t i n g v o l t t g t with low haraenit 
oonttnt aerosa t h t t o t t gap* with f a c i l i t y f o r vaxying aad 
aeasuring tho eaplitudo and Artquonay of tho tupply* 

Stwtral dttignt wtrt toasidtrtd. I t waa f i n a l l y dooidod 
to baao the goneo'ator upon a oxyatikl*eentrollod aastor 
oseillator* I t was f e l t that tho disadwaatago of being 
l*ostHotod i n froquonty ooTorago (to tho fundaaontal aad tat 
or two hamoniet} was otorohadowod by tho adirantagoa of mtk 
a systMB i*o« purity of wawofora, froqtionty s t a b i l i t y orw 
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largo tiao intervals and whan sub^etod to vsrying ltads« aad 
loss ooi^licatod tuning oijreuits* 

A aohenatie diagraa of tho gtntxmtor i s tfaown i a f i g t v t s 
9 and 10* !Iht aasttr t t o i l l a t t r ttagt, bastd upon 110 l i / s 
quarts exystal i n aa twacuattd mamt (md an ST 80 walwt» wat 
dtsigned as a Colpittt hamsaie esoillster with rtftrsaet t t 
tho p r e f t r r t d c i r c u i t suggtsttd by tht Quarts Cxystal Ct*Ltd* 
A high-^ tuntd raodt lead tnsurtd s t l t c t i v t high gain at tht 
fundaasatal fk«qu»sy* I» addition, t h r t t other pr t - s t t 
ooils wtrt a t a i l i l b l t for switohiag aoross Ĉ * lÊ  suitably 
tuning t h t p a r a l l t l eircuit oeuld be aado to reoenate 
additionally at the soooadf t h i r d and fourth hanMnios ef tho 
ezystal i.e* 20 Up/tt^ 30 K ^ t end 40 Mcv̂ s* 

1(7 atans of ft-C ooupling t h t output was f t d to t h t 
b u f f t r - s a p l i f i t r * Qsing this stagt, f a l l ^ f f i n a a p l i t i t t t i t a 
dut to t h t Miller e f f t e t was aiatiaistd* Stleotiwt gaia at tilt 
IVmdaaBsatal or d t s i r t d h t r a t a i t was again t i f t e t t d using 
tuntd-cirouit tltaeiti» at dtsoribtd abort* 

Stagt thrtty tapltying an 80? valTt, ptrftxatd e t t t a t i a l l y 
aa a drtwtr c i r c u i t to f t t d t b t f i n a l pewtr stagt. Traatfaiatr 
ooupliag was ustd to trsnsf«r tht outpi^tt to t h t f i n a l ttagt of 
tho gostrater. Coaxial fotd prtwtnttd t h t appearaaee of tanrantod 

- 57 -



eignala* 
The power amplifier aaed two DXT 18 high-fToqueaqy 

triedea» wericiag i n liaeer paah-^tull operation* Ifeatraliaatleo 
by way of preaot oapaeitore linking the enode and grid eireuita 
Invented inat a b i l i t y aad the riak of paraaitio oaoiUatioa* 
A high*Q tuned c i r c u i t lihidag the aaodea waa uaed to eoabine 
the a*Q* outputa of the walToa* 

Standard do«>ooupliag teehaiquea were eaployed i a a l l 
atagee to guard againat eireuit inatabilitiea* Xaoh atage 
Waa auitably ahielded and aortened heater leada were uaed to 
a l l ^ v e a* Anode eurreata were aoaitored for eaae of geaerater 
tuning* 

The early atagea were aupplied by a 300 w* atabiliaed 
powM* aupply unit. A aiailar aouree provided negatiwe biaa 
to the t r i d a of the power Talvea* £.H*T* far thia atage wee 
drawn froa a 1200 power aupply unit« e^plosring aatal 
reotifiera and fr *type eaaothiag f i l t e r * Anode Toltago wet 
Taried by a d j t i a ^ n t of the aaina input to the S.R.T, unit* 
uaing a *Variae* i n the priaanr c i r c u i t of the input traaaforaer* 

Oaoillationa developed aoroaa the tuned circuit of the 
powM* atage were fed by woy of aegnetic coupling to the teat 
circuity aa deaoribed below* 
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3*̂ *2 Oaoi^ater ettoat o f f f ^ t 
The oireuit by w h i ^ h.f» voltage of variable atrangth 

waa aade available to the eleetrede8» ia ahown i a Figure 11* 

I^C^ r^ireaeat the output tunod olaaenta of the power 
aaplifier* Coil plugged into a lew-loaa oeraaie fofaar 
attaohed to the froat peftel of the gacerator (aeo photoiTafh)* 
A aagnetio coupling o o i l waa aituated oeexially with 
respeet to Ig aad baneath i t * Vaxlation of the diataaee 
between nod and henoe of their autaal iadueteaeoy waa 
used to alter the veltago ^ p l i e d to the teat gap. Teata 
were oanried out to eatabliah the poaitioa of oxltieal ootq^liag* 
!thia waa never exceeded* 

A Boohanieal deviee, ahown i n the diagraa, enabled 
to novo i n a a t r i o t l y Vertical plane* B/ aeaaa of a flexible 
aeohanical drive* fraetienel adjuataente oould be aede to tka 
poaitioa of L^(aa iaportant requireaeat l a changing the teat 
voltage i n the v i e i n i ^ of breakdown)* At the aaae tiaa a 
quick reloaae aechaniaa allowed to fallaway rapidly. Thia 
waa found uaefUl i a oxtiaguiahiag a •aiataiaed diaoharge aoroaa 
tlio eleotrodea* 

The elootredea (oapaoitaaoe Cg foraed part of the l a r a l l e l 
c i r c u i t Ẑ , Cy, Cy* and Ĉ . Variation of Ĉ  waa uaed to taae 
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tho c i r c u i t to rosonaset at t h t d t s i r t d frtquanoy. Pluf*ia 
induotsnot ooils wtrt availablt to alter X̂ . Stray oapaeitaato 
was reduced to a ainlMS to keep tho c i r c u i t Q aa high st psssiblt. 

The tuned oixvuit of which tho eltetrodos foraed part* 
was MMrgisod by nsgnotio ooupliag between 1^ end I g . Sioŵ  
oapaoitanoOf £h3ciblo> coaxial eable linked IQ with the asTotblt 
c o l l Ly* 

A Mtrooni TT IO41 B wtlwt «oltasttr wat ustd Ibr l o l t t g t 
atasurtatnt (O'»500 w. ]t.l(«S. i a $ rangts* with a 10* wtltagt 
• u l t i p l i e r adc^or availablt). This instruatnt ptsstssts r«y 

dtsirablt input o h a r a t t t r i s t i t t f having an tquivalmt input 
iaptdanet of 2p.f * i a p a r a l l t l with high rtsistsnet. 

Ttsts showtd that a t frtquatoiet of 10 M^s. and 20 Mo/a.* 
t h t aaxiauB R.M.S. volt ago availitblt was abtut 400 v. Tht 
s t a b i l i t y of t h t oaoiUatitns wss txotllentt end no tvidtnto 
of froqutnoy p u l l i i ^ wat found. At 30 lfe/t« and 40 MV** 

a snail voltagt oould bt dsrivtd* dut partly to rtduttioa i a 
o i f v u i t t Q* ( h i ^ t/C ratio eould not bo aaintainod owing to 
capacitanoo of loads, olettrodes* etc.) aid also to Miller 
effect attenuation i n tho early stages* 

In view of tho tiae f attor» i t waa doeided to oonf Sao 
aoasuratonta to tho lowor frtqusntiot* 



5*5 ;fTy?^fti^n 

3*5*1 t^w**^ ^mnH 

fht t i a c l a g betweaa the applicatioa of a voltage of the 
aeeeaaary aegaitude aad the oonaequent breakdown of a gap aigr 
be aeparated into two coapoaeata* 
(a) tha atatiatieal tiBe*lag* a oonaequeneo of the need f o r 

en i n i t i a t o r y eleetroa (or oloetroaa) to a^ear at a 
auitablo point i n the gap* aad 

(b) the foraative tiae^leg* the interval betweaa the arrival 
of auoh an olootraa and the iaceptioa of the diaohargo* 

fomative tiae^lag ia iadopeadact of exteraal 
ooaditioaa (other thaa the atreagth of the applied f i e l d ) aad 
with the threahold f i e l d appUed ia aaually of the order of 
10*5* 10*^ 000. 

Statiatioal laga« on the other haad» eaa Tasy from aaall 
fraetiona of a aeoond up to aeveral aiautea* depaediag lergoly 
vpon the i a t e n a i ^ of the ext«raal irradiating aeuree* 

Irradiatioa aay be effoeted uaing *oaaual* aeana* e*g* 
natural radioactivity aad ooaaio rtfiya* I t ia uaual, however* 
to aupply eleetrona at a faater aad aero eteady rate* to redaee 
ata t i a t i o a l lege* Kxaaiaatioa of the lit«ratare revealed 
that uae haa beea aade of the following aethodat 
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( i ) ultraTie34rt irraAiatiM •t tlBotxods •urfMM» 

( l i ) irradlatioii mtiag rOioMt lv t wttriaXa, 

( i i i ) Irradiation V j tpai^t uid eorooa ai«ohaii|^s» 

( Iv) i r raaiat lm 1^ X-ngra. 

The ratmiraMRt o f m i rradiat ing ajatas ia to pradtti* 

a ataa^ aouroa of alaetratta> aitiwut aifaifioant^jr affaetiag 

l^raakdam oenditioiui* 

9or d«o* braakdMn« tHf inradiatioa of tha cathada appawra 

to ba aatiafaotoz7» partlaularly la vlaw of tha faat that tha 

aaoondary t() aourea of atUatroaa is Bueh a diaeharsa ia raatad 

ia tha oatboda, lo aaa/ tarpaa of h , f * diaeharsa» hsvanri 

alaetroaa and ioaa ara aaabla to raaeh tha alaotradaa %j 

nobility notion* Uadar auah oeaditiana« a aupply of i n i t i a l 

alaetraaa within tha badjr o f tha gaa i a parh^pa daairabla to 

raduea lasa to a idniana* 

A baas of U-Y marc$M tha nidtla of tha cap wmj praAoaa 

elaetvons by photoioaisation* Such a ayata&» originatad b j 

l^wsa and Jaalaahi^^y haa bato aoceaaafUUjr uaad by aavaral 

tortcara* Xn IVawaa*a aatbod» a diaebarga (ditiac riaa ta 

0-V (paata) ia naiataiaad i n pnlaad fern aoroaa a ahM^ fay 

aituatad ia a aide-am of tha diaoharsa ohsaber* fha narit mt 
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th ia is that ttbsorptlaii of %h$ bard 0-V quanta hy quarta «iii4»*t 

ato.^ la aYdiiad* l^Ml»wata3^, fauad tfaat 

praaauraa balaw 1 m* He* tha irradlati&g ai>ark baeaaiaa ttffttaa 

i n oharaotar aad ttmda to apraad into tha aala cktaAmn, 

^ Xadioactita 80iu>eaajr thaui^ widalj vaad« hata tha 

dlaadvantage that tha »kdiatia«B oaimot ba colliiuitad with 

aaaa or eontroUad i n iataaalty* Furthar, straas aavaraaa ta»d 

to alTaet the thraahold f l a l d valua* 

Siaoa aena o f thaarailabla Method a vara «a t l r a : ^ flpoa 

f raa objaetloaa* i t waa daeldad to txy a a l i ^h t ly diffaraat 

Matbad* 

3»5«3 tli^Srn^ Irradiy^^^ f9Wn 

lu tha syatam adajprlad* a aolUaatad boan of U«T l l f h t vaa 

paaaad tlroush a thJji ^^larta window (oaatrally altuatad in a 

Sldaaacn of the diaoharge ohaabar) and diractod inta tha mUr^ 

tegim of tha teat elaat9adaa« 

tTha laap uaed waa a Mlaaooparstad 123 f hlgh*>]iaraaaara 

Mtrcury arc laep ( j ^ i l lpa XBI/Y) idth quarts anralopa* whlah 

l«>oduoad aft aro 30 am* lottg aad 2 an* wlda* A aatal hovalag 

waa uaad to afford protaatloa from the radlatioaa, 1̂  

oottntlBg tha aaeaabjly ea a «avaad>lo trolley aad by tha waa of 

col l laat iag ciylladara af Tariable len^h and bora» eontrol a f 
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baan width end iateiiaity waa obtained* A aat&l oap was naad 

td blook the radiatiakei wktm reg:aired« 

IThe Method verlced wrprUixtsJcr «oll* Caraful taata 

Showed oottoluaiYe^^ that a attbatantifa rednetiaa in atatiatiaal 

tine-laga waa effooted without ohsogioc the threahiXd f i e l d . 

Although the tinea did tiasd to increase with redxiotien in gaa 

pre«sure« the ohengo waa not large even at the loweat preeanrea 

#ttO0t«itored. (10""̂  - 10*^ nn* Hg.)« 

Siaee thia netted of irradiation a»y be of int4a*eat to 

other wotieara* a abort diaeu«aion of the peaaible aouraaa af 

tha eleotrena w i l l now be givan« 

Aa atatad, radiationa f re« the o e r o ^ aro oolam were 

e^lllnated by ataall helaa dril led in Mtal cylindara* Tha 

bean entered the ohanber eaatraUjr through a q̂ oarts w5Lniiir» 

Creonetrioallsr« a ali|[^t2cf ditergent bean paaaad throng tha 

intereleotrode apaee ebeut the nid-gap poaition. 

I t waa f i r a t thought that photionisation throni^ i ^ e r f t i e n 

of a aingle U-V qoaaton by a gaa aoleeule oould aeoeunt for -WM 

atipply of initiatory aleetr<»u« la faot, conaiderable denbt 

esdata aa to the poaaibility of auoh a nechanian* 

A photon ia known to ionize m aton with a 
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irobiibil i ty at a eartaitt ar i t loal ^uvatua anargf all«htly In 

aaeoaaa of tha f l r a t loalaatioa aftarsy*. 

but V i 

Hanoa for Molaoular hy t̂racon* X < 80sR • 

Uaiag the aamifaottrar^a trattaalaalan ohart far qtaarta 

of tha thleknaaa aad eofl^oaitiOA uaad la tha alda-an wiada«» 

radlatloaa ia the t7*V ragiaiRi balow i80oi are atroady abaerbad 

with a 'e\it<-off* arouiftd MXnA* tf I t ba aceaptad that 

abaorptiaa la coaplata balow thla vaXua I t la obviaua that 

photo-lonizatlon la laoparatlYa. OA tha other haadf I t suy ba 

possible that a faw high scarsy pbatoaa paaa thraim^^ at^flelant 

to iroylde a lairel of pbotolonlaatloa but too aaall to ba 

datactad by apaotroaoopla oatheda. Tha fact that tlaa*]** 

ijaoreaaad only alowly with dacraaslag jKraaaura would iadloata 

that auoh ataata are ualDcaly* 

An altamatlva to tha above ia that radlatioaa of ^(OoSi 

aad above aaabla gaa aolaoulaa to ba lonliad la atapa, Acaaplaa 
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of ouaulatlva loalaatlaa af thia type ara readily fouad where 

naiaouXaa poaaaaa iRataatabla axaltatiaa lavala. Tha aaahiiaa 

la aa ualikely oaa, htwuttae, alaea ia aoaa of tha gaaaa aaad 

ara mataatabla atataa to ba fbuad (othar thaa aooa) aad anaa 

agala a depaadaaaa betwew atatlatloal tlaa^laga aad praaaara 

muld ba nooeaaaxy (tha pa^bablllty of tha panaoaaa « p̂  at 

low praaaurea) .̂ 

I f phetolaalaatlOB ba ruled out, tha aouroa of alaatrasa 

ouat hava baaa ierirH ftroa idthar tha elaotredea or tha glaaa 

walla of tha ohaabarqjtpaalta tha quarts wladow* 

Fhotoalaotrlo avlaalea fToa a aoUd la poaalbla fa r 

^aatta aaarglaa idcoaadiag tha work fUaotlaa, 9, of tha 

aurfaee. Although ao talaa f a r • ia avallabla for lyra^ glaaa^ 

a Talua of about ^.4 a«v» la oeaooa f b r aaay Inaulatara* Slaea 

tha quaatua aaargy of a iiOOk radlatloa la 7»7 a.T*, aalaaiaa 

froa tha glaaa walla appaara to be a rvey l ikely aaarae af 

alaotreaa. 

The f laa l poaalblllty* photaelaatrio ralaaloa froa tha 

alaotrodaa> oanaot ba allaiBatad* Tw aauroaa of qunta ar# 

poaaiblai froa the orlglaal baaa aad by ra»radlatl«i fraa tha 

glaaa wall* Siaoa the i r radlat iag aouroe auooasafVUJy 

provided a regular aupply of atartiag alaetroaa« ao further 
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ixpmrinmtal work waa attenpted to deduoe their true origin 

( • ) • Suoh a Atu^ would be uaa^il i n Tiew of the oaaMitial 

aiasplioity of the jyaten* 
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Heat of ^e axperSneaifcal *runa* involved detenrfnint 

ll«ll«S« breakdown f i e l d aa a fknetion of gaa preaaure; a 

given aet of reading! baiag takm at eonatant eleotredn 

separation. 

6aa proaaure waa variad by in i t i a l l y f i l l i n g tha 

dliohazttt ehaaber with burdregMi at tha higheat pressurt to 

be uaed (abotst 1 ttn«l|^#) mi anbaafptently redboiag preaawra 

ia oonveaient atn>a« 

With the gaa in etaiUbriua at a reciuired preaturef 

iiradiatien waa introd»eed and the applied f i e ld alewly 

inoraaaed i m t i l a ^aeharge e c e m ^ nie threshold veltaga 

waa detendned by re-applying the f i e l d at a s l i ^ t l y snaller 

anplitttde than that at whieh breakdown had f i r a t ooonrredt 

thia prooeaa being rapeated un t i l a niwiwitti value was 

eatabliahed* l^arda of two ninutes waa allowed betwesn 

sueoeasive readinga to ensttre oharge neutralisation. Ireakdewn 

f ialda lower than the true tluMshold were observed rrimm 

disdharges ware startad ^ek3y following a previotta diaoharge* 
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Zrradiatloa waa raoovad dmdag auch parloda* 

Bafora eaeh run tba tyatw waa oleaaad^ aa daaorlbad la 

Chapter 3» In thla wc ,̂ brealcdawn valuaa at glvaa alaatredt 

apaoiag and preeauro wera fouad to ba ia oloaa agraaaant whw 

roaa ware rapeatad* ! ^ o r to adoptlag thla strlot praeadurif 

ft apraad of axpariaaatal raaulta had bean noted* 

V«2 fe'aakdewB cu^aa at 10 Ite/a and 20 ifa/a 

tuo f aalliaa of eecpcriaaatal ourvea relating SMS breakdown 

f i e l d for dlfferaat praaauroa at 10 Me/a aad 20 Mc/ai aad 

for dlffaraat alaotroda apaelaga« are ahown in figure 12* 

At 20 Uo/» braakdawa at ooaataat gap width ia 

ohaxvoterisad by a alow f a l l in f l a l d strength with radaatiaa 

ia pre8sura« to an alaaat eoaateat value whioh peraiata 

down to the loweat pressure lavastigated* 10^ aa.Bg* With 

fixad gaa praaaura^ daoraasa ia olaotrodo aaparatioa la seen 

to require an iaoraaae in atartiag f ield* 

Using 10 Hc/s oseillatioaai^ abrc^ changes la breakdown 

behaviour oeour* The oaaat f l a ld strength at coaatant eleetroda 

separation i a l t l a l l y ahows a gyadual daereaaa as gaa j^aaaura 

is roduoad froa the highest value uaad (soaewhat leas than 

1 ai*Rg.)* Thla doffiraaao Is not aalataiaad^ however̂  With 

tartkw reduotioa ia prassuro> tha startiag f i e l d fa l la ta 
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a broadly-defined alniaun valna* At ps'esaures belot the 

MinliOTw, fiel4t*atraagth was found to inereaae shai^ly, 

aulninating i n an abrupt *ont«>eff** Insuffiaient voltage 

wss available to restart a diseharge at s t i l l lower preaswres* 

I n the woz* reported by Prewse St Clark^, breakdown In a wide 

prossure range down to a few nn*Hg« haa becm ahown to oenfom 

with the retuirenflota of the diffusion theo]^* Departures 

the l i a i tg it applioability of the theozy - diaouasad 

ia 8eotion 3»f*»^ * ora to be expeeted with reduatien in gas 

pxiissure* Suoh ehangas ia breakdown behaviour are 

deptndfnt upon eleotrode geonetsy* 

The ebaorved out-^offa in the 10 K^s curves ooour at 

pressuras detornined by eleetrsde geonetxy and an expluiation 

of thesa effeots in tams of departures fron diffusloa -

controlled broakdown Is at <»ee suggested by qualitatlvt 

eaauaination of the results* 

Althott^ l i t t l e iaforsation regardiag the aeohanians 

of breeikdowa can be dedused by Inspeetion, i t is olear that 

the ini t ia t ion of a diaoharge aooording to diffusion theosy 

requirensats is not possible at the lower pressures* Sia^t 

oaloulatimu ahow tiiat ever wteh of the presaure ringe the 

elsstron aaan free path is in exoess of the eleotrsda 
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aaparatioa* Tha probability of aa alaetroa aaklng aa 

ioaisiag ovent ia I ta naan l l fa t iaa nuat tharaforo baeaaa 

progress Italy aoro raaota, aa the prassura ia raduoad* 

in Chaptara 5 ond 6 explanations ara put forward of 

breakdown at 20 Uq/» and 10 Ho/a respaetlvaly* 

Bafora offering quantitative iatarpratations* hewever» 

I t la naoessery to j^aeat oartaln basis aquatloaa of elaatew 

notion ia high fraquaa«y fields* and also to dadaee» or 

stato> relevant laforaatioa regardlag atoaio data aueh aa 

aoaa free paths« ooHisioa ft'oqueaoiaa oto*» under 

axporiisental eoadltioas* 

Caloulation of eleatrea aeaa free path X^ aa a funatiaa 

of gas presinire is eonplieatad by the Baasaeur affeat* i*e* 

the variation In oolliaioa probabili^ with alaotron eaergy* 

The term "probability af oolHsioa'*, intraduead 

by firode^^^ la deflnad as the nuabar of oolllaions aade by 

an oleotron ia ttiivelllng 1 oa* through a gas at a pressure 

of 1 am.Hg* and at 0*C« 

Henoa ) ^ and gaa pressure p are related by the 

expression 

7^ a 
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TABLE I 

G A S P R E S S U R E S C O I N C I D E N T W I T H T H E E L E C T R O N Me-AN 

F R E E PATH EQUALUlMQ THE ELECTRODE- SEPARATlOM. 

+ 0 - O O S I 

3 0 0 0 6 8 

2 0 - O I O 2 

1 0 O 2 0 1 -



Ohittges ia nagaitode of with eloatron energy variatisM 

hava been atudiad McperiMntally by Brode « The piAliahii 

ourva for aolaoular by^rogsn shews a complex and laxfaly 

irregular variation between eoUision probsbility and elaetraa 

Toloeity, However, fbr acargies belew 4 deereaseb 

only slowly with redueed veloaity and has an approniaate 

value of 49 oa**̂  an*H|f*^* 

Using the approxiaatieii 

• ĵ ŷ ••• ••• (^7) 

Of apaeial interest in the by^gon aresults are the preaanras 

«t whioh alaetren aaan frae patha oeinaida with the aeparatiaa 

of the eleotrodas* Applying a^iMttioa 17 these events ara 

plotted graphioally ia nfBra(l2^ and is Usted in Table 1* 

I t ia seen that within the ranga of ectpailnentai 

obsarvation* for aaoh af l^a saparatiena uaad* breakdawa 

f i e l d aeasureaaats wei^ reaardad at prasaures both belew ml 

above the values at whioh aleatron asan free path efuals the 

gap width* 

These transitions are sigaifioent in the davelepaient of 

an aooouat of the aeehsniawi of braakdowa} evea at ^ i a ataga 

i t ia apparent that ienisatioa by oleotron eolliaien with gaa 
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Boleoulos is unable i t se l f to preaate brei^dewa of the gaa 

oter the f u l l pressure range uiiat* 

I t has bean ahowa i a aeation 1 »i¥.2 that for aleotoons 

•seillating uader the iaflueaee of an a*e* f i e ld the prineipal 

faetor govamiag the affiaieaegr of eaergy traaafar between 

f i e l d aad gas ia tha ratio of f i e l d frequaaey to cellisien 

f requiaoyf^ • Varganaan â oenoapt of the *offeetive* 

elaatrio fields aqaatlon (2)* ia an «3|;preaaioa of the abavt 

stataneat* 

I t followa that ia oasea where i^etnua notioa ia aat 

difttarbed other thea by the appUod f i e l d , ohaagea in 

breakdown behaviottr ax̂ a to bo expeoted ia the region ovrvowdiag 

l ^ t eorroapoadiag to # and ¥^ being tha aaae order of 

aagnitudo* 

Sxaot oaloulatioaa of eoUiaiea freqaeaoies are aot 

poaaiblo ainca v^, i n a aiidlar way to a*f*p*« ia a ftinetien 

of olootroa enexiy* An indipoot aethod of ealeulatioa has 

been found* Thia relatea oolliai«Bi fraqaeaoy and gaa preasure 

•var a f a i r l y bread range of eleetroa ^targy, aad ia giviR 

bolew* 

Iroa the dafiniti«a of eoUisioa freqoeac^ i t relata* 
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13. V a r i a t i o n 0^ q o l l i e i o n P robab i l i t y w i t h Electron Ve loc i ty 
I n • 

% 5 



to naan free path and aaan (randoa) eleotron velocity • 

the aquatioaai 

m ««• «•* ••• (18) 

Substituting for 1m aquation (1^) 

*** • P« • ••• ••• 

toede*a a^variasat rtlates oollisloa probsbility sad 

elaatroa anexiy tw bydrsgea gas, tha eorva being abawa 

la figure 13* 

HQM the figure ia regiaa Ai»> 

(u)^ • aeaatant m 10̂  

a « Man elaotron VBnUfgr, ejepttsaed i n e.v* 

In o*g*8« units 

• « 
(3)i . / * - A J \ 

\ 2a107 

• 74 • 



' « 10^ 

MmH frm (19) 

( ^ ) 

* 5#9 lO^f • (21) 

(X» oloM « ^ « M a t v i t b tk* v t l u * dndir«d hy Brawa A 

iiiiDoaaXt^^)* 

•oUi t io t t rviftrng^ iugr It* ooniidtrtd oMtUad 

(*% fiactd ( M pTMittr*) f i r •3««U«ftt i& tb* «B«Pcy r i a f i 

t f X t e i t r nag* 1 •2*10^ - 4*10^ «•• /««•• 

Xt au«t ba aaa l t t t t tHat f l i t mwgf nagt* ust4 i a tka 

aaleulatlaas of a»aa f r«« path tad aoUitlaa ^qu«Mgr i * 

m% ooiaoldt) uafartuaattly aora OMqsXata aa^trtaMial data 

ia laeklas* 

gM prai tar t oorraapaadlag to eeaditicas aadaii* «hi«li 
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9btai»ed by eijuAtlae i » •«Mti(»& ( 2 l ) t» t l» f l t l A 

*% • , • ^ tuh^f m 0.021 wmSg* 20 V s . 
5*9* i r 

^ • • f • ' ' ' ^ ^* e*U«A t i l t p r t a t w t oofrttptnOiai t t t k t 

f t U i t i t i f f r e q u m o g r t r t & t i t i t a * 

AttuntMS for t h t KOMBI thftt tXtttroa a t t i t a i t set 

liMBpt»«ta by o t U i t i o a t witb M» t l t e t r o i t f t o t t « l*t« i t 

4 t t t rBiBtd baly ^ t b t f l t l d »o4aX«tiiis t lumtX aortMat^ 

i t i t pdst ibl t to octXouXati t te t f f t o t i Y t i.M.S* f i t l d vbi tk 

A t U t t r t tht t t a t c o t l i y t« tht sat at a uaia i i r td t i ta t l f i i l A 

aader etTrttptoiaiaf eaai i t i ta t* Sht rtXtVast t foa t i t a f 

alxmadly iatroduotd i a StatiMi 1#4«2 i t 

2 a ^ y * 
* ^ - ' *** **• **• ••* 

a 

.... (^)^ . . < ) 
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( 10""^)^ (22) 
P ^ 

using tho appropriatt values for sndu • 

A aouble-log plot of Ey^^ v.s . p i s givtn i n Pigurt 14, 

covering the low pressure end of the eiiperlaental range studied* 

Calculations, using equation 22, show that fo r pressures 

i n excess of about 0.1 aa.Rg., becoaes slaost identieal 

with the applied R.H.S, f i e l d B^. However, the rat io E /̂fe 

increases rapidly with reduction i n gas pressure and at 10^ aa.Kg. 

(the lowest recorded i n pmctice) the effective f i e l d i s only 

about 1/200 of the applied stress. 

The fact that the hydrogen discharges at 20 Mc/s. have 

been observed to start with comparable f i e l d strengths over 

the whole pressure range - fo r given values of electrode 

eeparation > appears at f i r s t sight to contradict the state­

ments and calculations made above regarding energy transfer 

considerations. However, the ' e f fec t ive ' f i e l d concept i s 

only relevant i n cases lAiere the to-and-fro mov^ent of 

electron i s not restricted by ( fo r exaaple) the walls of the 

containing vessel* 
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Aa axprtssiaa f ^ r ^ aapUtud* of alaatxoa o ioS l l a t i t i 

iiaa t̂ eaa deduocd l a 8aati»a 4»$*2* 

B««»*tloa» ef aSalyMi a t t l f t i i l a biah>fr>w»aqgr f U l i t 

Studi«a of dioeharga ]̂ wNio«oa« l a gastt ara f r a ^ m t l j r 

«»da f ^ a tho polat of t l aa o f tho bthavioar of tho 

( ia ig intxy) *aYoi«ca* alattxaa* Ao aacplaiaod balov^ tha 

action of fueh a partiala i t aallko that of aay ladlTiteaX 

aloetrcm l a a aaaxm or avtloaahaf but roproaoats t t o aota 

propartiaa of auak a Mom* AgroMnat botvaoa Mtforiamt 

and xymty difTtlapad alaaf taob liaoa haa» l a aaay eai*i« 

protad «atiafaato«y* 

/ Sloote«at l a a gaa a i t iubjoot id to «8 olaotrla f l ^ 

^ ^ 9 i raadoa tbax«aUjHU»i«tad patbi aad aa t i a i goai oa 

/ d l f f U a a aaiQr tt9Sk t ho i r p i l a t i o f orlgia* Kaowladci of tka 

np^ tada of i leetroaio * t o i U a t | t « !•» thoraforo* aest I 
l i i ^ ^ a a t l a latirpTatlas broikdawa bohayiour. I t l i 

o^teealy atiuaad that tho partlolas travel i n i t r a l i b t Uaoa 

^ ^ t f e t n suooi i t i ta oonialaai* f h i ao«a froo ; a th^^ i a 

doljiaad aa tha avarac* rootUla iar dlstaaeo botvooa l i ^ a a t i 

^ i t i î eOB not ropraii t i t a probabla Tola* oround whleh tho 

jii^ueX paths «ro elotaly froupod* 

r i I' 



SeadoK aotion i t altered i ^ n «a eleotrie f i e l d i t 

atde to stress the gat* Considiriag a eleud of eleatreat 

tiie f i e l d say be eontidevtd at aeviag I2ia mnxm bodily 

through the gat* 1%e average tpatd of tht o ta t r t of tht 

Bwtfm i n the H t l d dirat t iea <it«9 the (avetagt) d s i f l 

irtlooity# Vy aid defiat* the d r i f t tpsed of tibe *afwptgt* 

•laetnoa* Thit pBura ia a^^licabla m a i n oatet vhtra t k t 

d r i f t v a l a e i ^ ia ealy a S M U flraatioa ef tiM aesa rsniMi 

te loei iy* 

Att«^ptt have beta atda to ra la t t v to us id i r t t t ieaa l 

roduotd f i e l d t treacth At high pretsaret (low ^ f ) 

thfoz^ prediott ir « ( V P ) ^ i * aoootdiDee a i th suqperiatattX 

ebttrvatioas i s tmxcf gatf t t^* '^* Studies at higher l^p era 

•eigplieattd by laoreatiai auabart of iaela t t ia oelliaieat * 

both eataitiag aad ianisiag » eesunriag i a t h t body t f tht 

gat* f h t dependeaoe ef eleetrea rsndoa veXooity aad aeea 

free path upon the redaeed f i e l d pretsats a d i f f i e u l t y soaain 

to eXl saoh itfobleat* Satitfaotezy oerreetien teras are net 

available over aa extended i^age ef IS/f tad the appvaxiaatiea 

i t usually tekea that taeh terat ai aeaa f r e t path art 

iaTtrisat* a^ex^Matally^ a oeatiderable weii^t ef tvideatt 

suggestt that d r i f t vtlooity it d i r t e t ly fiapertitael tt 
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oTor a vldo rang* * f the l a t t a r . 

4*5*2 AayU^tt^ of Ojgl^^lM?^ »p4 fif^W mHU^m 
i a oxproasios f b r tha mpUtada of olootroa o te lUaHia 

wi th t h i broakdown f l i l d 1^ appXlod w i l l now bo dorlTid b j 

ooasidaring tho h i g h - ^ ^ i o a ^ floXd X « ^ alaoit i^pl lad 

to oleotrens gsoTlag in cm tihbouadod tbo o f f iota 

of f I n i t a oloetrodo gooaotiy a l l l thon bo takon lato aooewit 

tho la ior t ioa of ouitablo bouxulazy ooadltloaii* 

Tho ordorid aotloa of oa oXottroa l a a gaa aubjoitad 

to ao altamating f l a i d ia d i tomlo id by tho aquation of 

sotioat (LeroBts)» 

9o aolvo fo r n i o t tho lotofr&tlag faotor » axp( / v ^ d t ) 

» • J ^ v ^ . t ) 

• % oap{v^t) If • oxp(V).T • f l̂ 0J3>(Vĵ t) a l a i i t 

I j rojEpCt^t)*^ - A ^ tx5(l»;t) , a i a « t 
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aiaot ^ t3q?(v t̂)v. m T» axp(v^t) • a3tp(Vgt).|f 
•J 

Itesat aacpt(i?̂ t). • » § 1^ j txp(i'^t) ala a*, dt* 

*•* ••• •** 

4. Gtap t ) 

viittioa, • » J I i _ , ataCi#t-«s)*Ct^-v^t) (25) 

where • taa*̂  (§•) «•• •*• 

<Zba eleatrm te loei ty i t te«a to have two aoiq>oaeatt« The f i r a t 

i t ateiUatory due to the aatioa ef the f i e l d } the ttoead i t 
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aaidiroatlanal aad daaigra in^pMMatlalljr v l t h t l w i * 

Ooasidiriai f « r tho aoaoat tho oaelUatorsr t o m al«aa 

V B n il % m m aia(*««>oc.) (27) 
« ( « r * v / ) * 

Iqaatlea (27) ahowi that tho airorago oloatroa ^ I f t Tolooltr 

t a r i a t aiaaaoidally at th* f l a l d fra<2aon*3r with a phaaa 

dlfforoaeo a- m taa"* («*) botwoaa tho two* 

TMO oiapXa ehaoka eaa iaaodiatolj bo »ad» whioh i a l l o a t i 

that tho aquation i s of a f o n i eoapatibla with aoeoptid 

oXaotroa boh&^oar t»ador a»e« ooadltioat* 

Whoa « » V^, taa « * » , i . a . « • » /2 . 

Hoaoa ir ct oaa i*0« ae oiootrea i n a racuvai » i U 

o io i i l a to l a qtaadratart a l t h tha a^Uod f l a l d * 

tho othar haad whoa « V^, eorroapoadlaf to high 

priisuro* or l e v . f » a ^ a o i o a « taaof* 0, i*a* -* o« 

aB 
i .Oi ir » — - * * alactft. 

Tho d r i f t valaeity^thirofbro^ follows tho f i o l d 

tariatioaa* a result wo l l ostablishtd l a high^fro^iaoBey WM ÎE I 

th* oquatlaa agroos oxaotljr with that doriv*d by trmu A 



MeDoaald^^, utlag a d i fT t r t a t approaeh. 

I^e v e l a o i ^ atfyiatioa eaa ba ated to detendae t l i i 

elaatrta ditplaeeatat tad htaoa the sapUtada ef eaeillatSaa 

V 
rroa eg^atiaa (27) 

- aR. 

a a ( a r « » ) ' 
. , a • ^ f ^ tea ( art - a ) • A 

ahtra « « tta"^ 
"a 

Vhaa a « ir « 0> i*a. i t o a 

Whia a « t» ? a aaziatia» i*t« ^ * 

«5 



15* AiBBlitude of Electron taMllatlon as a fanctiin' Ŝ ĝa•>̂  



000 ( i t • a ) * a* 

S^s t i tu t iag thoio Qoaditioa* l a •quatlea (28) 

«•• ••• (2?) 

Sia*a ooll is ioa f^raquoaoy ia ealoulablo t f m o^uitioa (2l), 

tho aaplitudo of elootraa osoil lat ioa aay bo detozttiaod f b r 

angr givaa f i o l d a tmigth and gas {ressiiro* 

Caloulatloas of thla typo havo boon oaod to î rodaoo 

Figuro 15« Tho ourrao rolato olootroa aap l l t o^ \ •* * 

fiusotion of prossuro fo r tho broakdowa f io lda eacoastorod i a 

hydrogon at 20 Mo/o* with olootrodo si^paration as tha paraaotor* 

Tho oleotron rabitr i*o* tho to ta l travorso l a tho f i o l d 

dirootioa duriag a oyolo of ah* f iold» ia oqaal to 2 Hoaoo, 

i f f o r a glToa f i o l d atroagth and olootrodo sopa»tioa> 

• | > x^> oloetroBs w i l l taad to oaoiUato within tho tost 

gap wlthoat sufforing ooUisioas with tho olootrodos. 

tt^ arrows drawn l a Tigaro 15 iadioato th* ̂  posit iosi 
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eorrespeadiag to each of the experiasntal oarvet* I t I t 

«eia that i n aiX oaaes, fo r pressures < 0*2 na.Hg*, th t 

electron aad>it exoeeds eleetrede eeparatioa* 

Sunaarisiag the aaalytet pretented i a Seetioas 4*1 * 

4*5 tha following dedaetiaas aey ba atdet 

Mesa free path daterai^tiaat* Hie fast that eleetrea 

a*f0p* axoteda aleotreie ttparatien at the lower preesuret 

i t avideaee that s i ag l a» t t t g t ioaisatiaa by oo l l i t i ea i t 

unabltt by itaaXf* to praaate aa iccreste i n eleatrea 

pepttlatioa leadiag to breakdown* 

afi^oieasy of eutrgjr treasfer betweea aa a*o* f i e l d af givta 

t trsogth aad aleotreas aaei l la t ia t withia the gas dfpeadt 

upon the rat io ^/v^* Caleulatio&s given i n SeetiM k*2 t a l 

ahaan diagr«aaatiael3y i a l igure 14 iadieate that the average 

energy transferred to aa eleetraa during a oyeXe of the 

Implied f i e l d f a l i a o f f qaiefc3y with reduotien i n jreasure 

balaa 0*1 sUtHg* Thia effeet i s direot3y aaseoiatad with 

alaatrea iaartia* Howavert dadaatioas based upon eaergy 

tranafer eaa only have real tignifioaaee ahea the eleetrea ia 

*frae* i a the aaaae that i t i s net iiq^ded ethar than by 
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• o l l i s l o a with gao aolooulos* 

gloetroa aafeits* Tho ealoalations basod upon oquation (2?) 

show that for a l l but tho highoot proasur** tisod, an •l*atr*a 

star t ing at a i^ point i a tho gap aost striko an olootroda 

durimg a poriod of tho sanely* pretidod i t doos not d i f f a a i 

l a to ra l ly may ^ « tha laflttcnc* of tho f i o l d * 

I f th* oUotron arr iYal taloolty i s aaff loloat ly h i ^ 

with conso^uont *oo«idaxy«olootr<»i oaissloa f rea a surfaea, 

tho poss ib i l i ty arlsos that oollislons with tho olootrodoa 

oaa assist tho growth of olootroa popalatioa* 

Iho wozic of G i l l A Ton A i g o l ^ (Sootioa l , i i - 5 ) h«a 

ostabliahod that high fyo^ooaay olootrodaloas disohargos oaa 

bo startod Madar *Tao«ia* ooaditlens by progrossivo b a i l d * ^ 

Of olootroB population by soooBdazy oaisaion* Sueh a 

geaoration pin»ooas i s aot oaoouatorod I n tho inoeptlaa of 

wither d.o« glow diaohargoa or aador high^froquonoy ooaditioas 

whioh ooafora to dlfftisio»»thoory roquiroaonto* 

nio difftisioB thooz7 iaplios that there ia no aaed to 

look boyoad siaglwAsga ioaisatioa by ooUiaioa aa tho 

elootron ginoratioa a*ehani*a« lfano*> olootroas whoso t h m a l 

aotion takoa then to tho eleotrodos auat bo sttppesod *l0st* 



f roa the systea. I t i s reasftaable to suppose that they either 

suffer surface recoabinatiea with positive ions or ere 

accepted into the resarveir of *free* eleetreas near the aetal 

surfaea* The oeatributioa ef My seeoadary eleetreas tovarda 

an overal l buildf*up o f elattrea density would appear to ba 

a t f l i g i b V sBiall. Farther etidsaoe of a direct aat«ra ia 

available* 

Ptowf « Clark^ hate shoan by fUnotienal aaalysis that 

the re le t i9a between lAaad pA dtpeads only on the aatara 

of the gat* (The d i f f a t i e a length* A , i t defined i a 

Saatioa 1*3*3)• Hcaae the eurva relating X sad p A 

aheuld be unique f o r asy one gas* This hat been verified lyr 

tui table oeaparison of the results ef several weztert* 

SignificsRtly, a l l aeasuraaestt lie sa a t5agla aunray 

irraspeetive of the natare of the aetal surfaaes of the eleatredat* 

Thus i a difftasiea theory tha eleetredet terve to stress tha 

ea» wi th the high-frequeany f i e l d , and l i a i t the exteat of the 

aaiataiaed diaeharge, bat play ao iaportaat role ia the 

developaeat of breakdeva* i^aia i n d.e* discharge tvibet, 

auabers of energetic aeeeadaiy eleatreas are Hlea t td frea tha 

anode but are returned to i t by the uaidireetieaal field* Loeal 

ioaisatiOB and exeitatioa doaa take place but the real ly 
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aasoatial prooossos eoear i n th* oathoda regiea* 

Th* Justif ioatioa t^r dotailiag tho polat i s thati 

ooatracy to the aboiro« soooadaxy oaissioa frm the olootrodos 

by olootroa iapaot i a ooasidwrod to ploy an laportaat rala 

i a i n i t i a t i n g low pressuro dia«hafg*s l a hydrogaa at 20 M^s* 



ttstd w i n Mir b* fiv«&| iB t t n s of ft prefrfftftive b u i l d l ^ 
of tlcotron populAtiea f«v«n«ii b j ••ooaduy w i s t i M tinm 

7^ th§ off cats of ••e6ada]7 M i s s i s to b« ouaulativa^ 
« atOMMxy eoaditlom f»r th* dftir«lo$aittt of a dlehiariso i« 
that «looti«Mtmor*o tho iattr^iOottrodo spaoo ia a half* 

of tho a j ^ l i o i f 
JSquatlon {24>) ia uaai aa a atartiag point ia tba 

foaatltatlYo oxproaaloa of tko brotkdmra erltorioa* 

Sho abevo oqcoatim daaoriboa tbo iitflaoaoo of fiol4 
atPMsth^ f i o i d tfifamoy, aad gaa praat«ro upoa tba d r i f t 
ao^ioa of olootirana ia aa oooaa of j(aa* Tho axpMaaioa 
boooBoa applieabXo to tba «9oriaoatal arransoaaot aaod idiM 
tultablo bouaduy toraa aro i^poaod* 

7h9 ttXtra^violot irratiatlas aoureo uaod la tho hordrofm 
«i$oriafata providod a aaall but atoa^ aappljr of eaaual 
oliotreaa irithia tbo gap, t.tt i t bo aaavaod that at a tiso 



tmi atjibi«(]aint to t!it bt^aktoim f i t U pMilfif throng 
• t«ra TttliM tttoh on alietzvA aovlaf nith d r i f t • • l o s l ^ 

••• (30) 

th« phaas axigl* b» wek tlutt tk« •leo^n JuattraTvrtM 



Thta at • tiim t » SxJl , the other elttfterA* w i l l I t 
]paM3h«A with veloetty <ivta 

* «(6r«ŵ  ) I - • J 

at* (51) 

i«ii2t» the elcetron diipleeeaeat After e tim t « » i t 
•qoeX to the el«otr«de tefiretioa d« 

Therefore txtm 9q!U.\i§m (30} 
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2o 8_ V. 

L • a(# • v / ) J % L * J 

X^atiea ($1) oatprtiMa olo«tm Ij^pact • o l o e i ^ ia 
t^naa of taiaaioa t o l o e i ^ pbaao aa^o aad fiolA atmgtti 

I f ia of auffi^iMl aa^tudOf oaacDr tmafor botirooa 
m topiacia^ olootroa tad olaotroaa i n %ba «ilo9trodo svrfaoo 
w i l l rotttXt ia thi roXoato of toeoDdary oloetiona baek iato 
tho gaa. 

A buildpup of olootvoa ooaoeatratioa by aooeadaxy wilaaloa 
ia poaaiblo providod that tho r^oaaed oXaotyoaa aiao araaa tha 
gap i a a half<*poried of tko appliod f l t l d i«o. thoy rotwa to 
tho opposito oXaotz«do faoo at tiao ^ with volooity t ^ i 
aad ia thoir turn cauao tho roloaao of aooeadaidoa* 
Cosiiauatioa of tho pxveoaa aoy ultiaatoly roault ia broiliawa^ 

n -



9» «|>pH«ihility ef ettoh e MthuiiMi to the re t a l t i im 
hartfroseft U not eeaelAereA* 

fhe folloviac qui»titles iKvoXvoA ie eq^tlose (31) 
mi (32) ere 
peak hreakdem f l o U 1^ i 
Aatfuler f i e l d ftrequeiMgr « eat^oriniatftl •eMureamti 
•Seotrode ••perotioa d ] 
•o i l i i i o t t freqyoaoy tr^ * twm wieaiafd jNretsirt 
Opeeifit eXeetm ohai^ V « * tfm etoaie date* 

lEhree <|uie»titiee reaeSa ittldtemt v^, aad A* 

SolutioBft for «^ auett tk«Pifere, he eeai-a^pirieel eat #•» 
h« «ede ia the foIXewiac wagr 
(e) a«»lciilH« erhit«x7 voXvoo U 4 iM tg«atioa (32) mU 

hesoe ooXtIbs for 
(h) iMtrtiog tha eaUttlaled valuea for Sa eqaa«iea (51) 

aad heaae dadueiai ̂ 4 Attotioa ef ̂ « 
S l i ^ l i f l o d «3cpraaiieai far aad d any he ohtaiaed 

uader oertaia liQjoaod eoaditioaa. lUaohariea at fsf lev 
:î reoaure» are of partiaular iatereat Sa thia reapatt. 

la aaoh«aaea oo that 



Boaao ft«a oijuatioa (20), to a f i r a t ordar approxiaatioa 

• ^•h—Md ... d O 
101 

aad f»>a o^atioa (2t}| to a aiioad ordor approadaatiia 

2 o r p -J 
4 , .1.111 M l . p I b / • • ooa / * (15) 

fhofo feraolao aro i n acrooamt with oi^roaaloaidarivod by 
&iU A Yon aicel^(Sootioa 1*4.5) In thoir atadr tho frawth 
of oXootrodoXoaa diaohaxioa ia ovaooatod glaaa ooataiaon 
(proaaui«a< 10'Sm.R̂ *}* Ihoir o^tioaa aay bo rosardod 
aa aiiqplifiod fonu of tbo foaoral oxpi^aaiona - oq;taatioaa 
(31) aad 02) * with tho ooadition «MPoaUaod by tho 
uao of osetroaoly law gaa proaa«roa» 

Using tho aethod iadioatod i n tho provioua aootioa* 
oaloaXatiraa woro aado of oXootx«a arrivaX troXooity aa a 

I. * 
f ^ t i o a of phaao aagXo /i, ttaiac oquatioaa (14) aad (1$)^ 
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16. Variation of Electron Impact Energy ^ I t h Phase Angle« 
IfaTdrogen at Low PresBures. 20 Mc/s. 

'f© r 

ĝ 3 4-«« 

3& f«? (S'j) '̂(9 qi@ 59g 



The reaulta ere diaplogrod ia tenu of eleetron florgjr* 
ia 9ifi»e (16)> and refer tpeeifiealljr to iN*aurea«t8 at 
eleetrede aeparatioaa of 4 aa* aad 3 oa* takoa at the le*oat 
preaauroa aaed* 10 aB.Sg« * 10^ aa.Si* where « m • 

A atriot teat ef the aeohaito of aa iaereaao ia eleotroa 
p̂ ?«CUtioa deaiaated bjr eoeoadarsr aaiaaiffia oould he aado i f 
es^rlaabtal data were availiihle rosardias aeeoadaxy eaiaaiea 
ooeffieioBt, ̂  * aa a fuaolioa of priaargr eleotrea aaovigr 
for tho hraaa liiottrodoi mH* Xt would ho nqpeeted that 
oXeotraaa loavii« oae aarfaoo at a aiatahXo tSae /̂ ei» tad 
erritias at tho opfoaito fate at t i a o ^ l ^ ^ l ^ , would atrilie the 
iurfaoe vith tuffioieail aaergy to oaaao tho reXoaao of aero 
thaa eae aoeeadasy oleotrao por priaaiy i«o« the eaiaaioa 
oooffioioat S aaat he aXi^tljr ia oxoosa of uaitjr^ ahea 
aaoeuat ia takM of loaaea ftroa tha aoratoa* 

fieaaiaatlea of puhliahod XitoratHro rovoalod that a few 
maauroaaata of aeooadei^ oaiaaioa yielda hoTo hoea aeda 
iavoXviac eertaia a l l a ^ l votilNnrtuaatoly no informatioa rofttdiaf 
hraaa oould ho fo^d. Bowevor* ooa^ariaoa betwooa tho 
Oaioulatod arrival voXooitioa aad data ohtaiaod ttm aoooaiazy 
oooffieiont aeaaurooeata iaroXviac aotal aXloya (fivoa hoXov)« 
iadioatoa that ealeulatod acfital oaarsiea are auffieioafe to 

- -
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civ* a yioXd ia «eooaa of uaiV* 
Xa figttfo 17f tho ooomoioat ^ ia plotted aa a ftewHoa 

of priaaxy eleotron onov«y« o:iq̂ oaaod in oXoetiWft toXta» for 
a varioty of puro aotaXot aotaX aXXoya «&d ooddiaad aotal 
aus^aooa. The dottod Xiao oorroapoada to a vaXtio (T • 1« 

TihXa 2, dariirod froa tho aaao aowrooa, Xiata priaaoy larglaa 
oorroapoadi&g to ̂  • 1 oad alao givoa tho aazlaHa S TaXaoa 
obtaiaabXo. 

Li 

aoXativoly Xew yioXda aro obtained froa puro aotala^ • 
¥ha pddaary oaargy required to reloaao one aeooadary oXootria 
Tarioa tvttM aataX to aotaX o.c« 70 o^ (ihalXiuB), lOOô r 
(Cosher)| i t tiauaXly Xioa ia the rm$9 100>200 o»v. AXXoya, 
oa tho other haad, eaa gito riao to hii^or TaXuee 9€ S $ aad 
the onoifsr vaXuea f o r ^ • 1 (obtaiaed by oxtrapoXatiea of the 
data) aro oorroapoadiagly Xower, Xyiag botwoea abewt 2^ »*• 
(aiokoX - boxyXXiua) ead o«t (boryXXiaa-oopyor)* She oarvea 
tt^ aagnoaiua aad aegaeatCTi oxide iXluatrate the Xaxio iaeroaaoa 
ia S idiioh oaa bo broai^ ai>out by aurfaoo oxidatiaa « aa 
effoot partieuXar3y aaaooiatod with attaXa haviag a high 
onygea affiailgr* 

!Cha braaa oXeotrodea ttaod ia tho proaMt work had «i 
approxiaato cenpoaitlea of ̂  ooppor and 40^ aiao. Staadard 



oheaicaX surface * olooaiac prooooaoa ware uaod« aa doaorihod 
in SOotioa 3* 2*3; ia addition rautiae eloa&-up uaiag a flow 
diaohatYo waa ftt^quoatijr eanriad out* A l l tho oarlj aooooraaMata 

takea ia tho rodaoiag f aa hydrogaa aad durias thia jMriad 
(laatias aaiQr waoka) the oloo^dea wore ̂ tiattoualjr iaaaraod 
in the faa. KeirorthoXoaa^ the oxaet atato of tho aorf^ooa 
waa 2^ ksown and thasr aagr havo etmtaiaod abaorhod aagnaa* 

Although ooaeXaaiiro ovidoaoo ia not availahlo doe to Xaek 
of data rogardios the olootrede aateriala uaed* a ooayariaaa 
hotwoea the oaloulatod arrival oaergioa, Fii^re 1( ao& the 
Oaiaaioa ouznroa ahewn ia Piforo 17 auggoata that a raage of 
4 Taluea oxiat whioh w i l l gtre riae to a aoooadax^ aaiaalaa 
oooffioioat auffioiaatlj groator than unity to enable hroahliia 
to take plaoo hy the to«aadi-fro aotioa of aa oaoillatoxgr 
olcotraa atreaa* 

Caleulatioaa at apfpitr olootrode a^parat^ao 
Bleotrona aoving away froa aa elootrodo at tiae /S/m 

ifi aogativo) are retarded ia their pragroaa along te poaitivo 
direction of x unt i l at a tiao auhsoquoat to t » o» whea tho 
f i e l d polaril^ ia reverood* tJalor o«i;aia phaaiag eoaditieaa^ 
at tha Xargor olootrodo aoparatioaa, olaotrona aay la faat ho 
drawn baok f^r a ahort diatiaoe towarda their paroat olootredO| 



bof^r* the aooeXeratiag fieXd fiaaXly aweepa thoa to tho 
oppoaito oXeotrodo* 

A dotaiXed atudy •t eleftron notion ia t m a i t aoreaa 
tho gap, given boXow, ahowa that fer aeparationa beXow 5 oa«, 
oXootroaittay bo rotumod to their parMt eXootrode aurfaoo, 
aikiag tho otraightforwavd phaaiag aeobetilaa iaappXioiibXi* 

Xa Ordor to invoatilgaile eXootrea diapXaoeatat aa a 
fuaotion of tranait tiao, i t ia fSrat aoe«aaary to eaXouXatt 
oXootroa voXooi^ at tiaea iatoraodiato botweoa // m <Md 

liodi^yiag equation (30) f*P very Xow prooaurea 

w « ir* « (oo* /J • coa ̂ ) 4 v. (33) T» a 0* • 

2f X bo tho ^ o t r e a diapXaaeaeat at tiao %, thea by 
iatogratioa 

o l 

... (34) 
( « o whoa t • ^ ) 

the variation of v with x oan thoa bo oaXouXated* 
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Aa aaalyaia ia givoa hoXov (typieal of tho low aeparatioa 
roaulta) for d • 2 oa«» / « p « 10*̂  ai.Bg* 
Suhatitutisg kaowa vaXttoa tote oq^atioa (34) 

z » 0.27 • (4*49 1 A * 4.74 a i a ^ t ) 

HM Qurro relating x aad t ia ahowa ia Figuro l8a* 
I t ia aoea that «a (Aootraa roXoaaod froa oloetrodo A 

f i r a t aovta aeroaa tho gap to poiat C (a diaplaeaMat of 
about O48 ea.)« whoro^poa i t o aotlon ia rovoraed by tho field* 
At t • o» oorroapoadifii to point % ohaago ia fie l d poXaritgr 
ia iaeopabXo of prowiatittg rotova to tho paroat olootrodo 
at tiao 0»24. 10*̂  aeo* (poiat S)^ MathaaaUoally dorlvad 
vaXuoa bayoad thia poiat aaiag eqaatiea (34) whieh aaaiMO 
oXaetroa aotioa to ho eoaditioaaX only by thoappliod f i o l d -
oannot thareforo have any roaX aignifioaaoo; the ourto 
hoyoad I ia ahowa daahod* 

A aodif iod broikdawa aeohaaiaa w i l l new ho cooaideivd* 
I f a atartiag eleotraa give riao 1(o a^ H oloetraaa dae to 
aooeadary oaiaaioa from iapaot at olootrodo A aad 1 ^ » wi£ ̂  

dfto to oaiaaiea f»oa olootredo B, thea for bratkaewa, 
1 ^ > a 

i.e. cTjijf , > 1 
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ISio voXoeltioii oorreapeadiag to both iapaeta Miy bo 
eaXcuXated, For oXaOtreaa rotmtdag to oXeotrode A (peial 
t, figure 18a) tho arrivtX veXeeitr a«y bo obtaiaed hr 
diroot at^btfltutioa ia o^aatioa (33). 

ITow bouadasy eoaditioaa aaat bo fi t t e d to ofaatira(14 ) 
to «»abXo i i ^ ^ t veXoeity v^ at oXeotrode B to be dotondaed* 

In i t a aiapXifiad fmrn, for Xew preaaurea, equatiea (25) 
aiyr bo written aa 

V • ~ K OOW t • C 

t f t the ealaaien veXoei^ of eXeotroDa striking tho parent 
oXootrodo, at tlae t j * bo v^^, 

»oa t ^ j * mm^* C 

• v • v^J • *^]e (ooOM t - eoai) t j ) ... (35) 

Wh« t - tp » » j « t ^ • ̂ d " *1 

»B»^oB* («•*# t y - <»«e» t , ) ... (3i) 

It o the oaae eonaiderodt 

• too -



Xapaot voloeity on paroat olootredo 

•j^ « 3.95. 10® oa*/aoo*(ft^ (33)) 

(44 o-v) 

m $.72. 10̂  oa./aeo.(ftroa (3«) 

aogXootiag v^j^) 
(126 o-v) 

Proa tho availabXo aoooadazy oaiaaioa data i t would appear 
tliai tlio volooity taluoa aro large «no«gh to auataia a 
growth i n olootroa pop«lation« tbou^ oaeo agaia a oritioal 
teat of tha aaohaaiaa ia aat poaaible* 

9ho diaplaoaaoat*tiao eurvo for tho pox^d t ^ - ^ t y * 
obtained by iatogratiag ofuatioa (35) ia ahewn by tho 
broken eurro ia Figuro I6b« 
Bare 

* " (aia«t - aia t ^ ) ̂  eoaeit, ( t ^ - t j ) .*• (37) 

l a tho above ealoolatioaa i t haa bean aaauaed that tho 
tiao iatorval hotweon aa olootroa atrikiag a aotal aurfaao» 
and a aeooadaxy oloetroa loaving i t , ia aaall ooa^arod with 
a period of tho applied f i e l d * The oaiaaioa interval haa» i a 

•12 
faot, boon found oxporiaaatally to bo about 10 ooo*, 
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•8 M<ii<ib3j «i«U oomptipU witlx tht f i t l d period; 2x10 

l ^ ^ f o t of i i ^ ^ ^ i w ftt^^Wf 
Tk9 broakdowa f i o l d valuot at 20 Me/t ahow no obraft 

oh«B8«» for ioeroMOd fas prosnuro* BO«ov«r« i t wiU IM 
•beim thftt the initiation of a dioohar^o throuck a aoolMiifa 
Oeaitiatod by aoooftdarjr oaiaaion fron tbo oloetrodo AMOO 
ooanot bo auotaiaod at ssroioisros eorreapoodioc to tko olootrau 
aakiat iBaqy coIUoioas i n transit aeress tho gap. Per the 
higboai K^Bsuroa ttaodt 'ttie brookdewn data oonforae wlik Hm 

diflVioioa theeiigr of bifb fk̂ efttonegr broakdem* from tbo 
ebtiaoo of diseontimiitioo i n tbo breakdom ourreay i t would 
appear that a anootb trantitlen takes plaeo botveen the two 
MObaniina* 

QuantlitiTo analysie of roaulta i n tbio rofien pretod 
irtz7 d i f f i c u l t ana i t naat be adaittod thrt i t baa not boon 
poasiblo to fomulato a ooqploto pioturo of ovcnta leadinf 
to breakdoon* irovertholoasy i t eao bo sheen that as tho 
pressure is increased bigrend valuM for ehioh the noan fireo 
path is ansll oonparod with ^ootrodo aepsrationf the 
offioien(^ of ionization Snoreases^ and the inpaet volooilgr 
of eloetrons on oleotrodo faoos deoreaaes* fh» points nt^ 



19« Variation of electron a r r i v a l v e l o c i t y with gas preesurc 



ltstAbli«hed btlow* 
Changss in impact ••Iceltsr v^ as * fuaotion of sr«ui»<i 

•re o»louXable froB iquntida 31» nra«3j, 

AXm * 5*93# 10̂  p (21) 

Using known fttoaic datA t«fatHar with experlnantaUjr 
dsterniitdd valu«» at Vj, «aa b# found at a givan ̂ asa 
angle for a raaga of fas prassu^es* 

A sat af raaulta la ahaim iA Figura 19« 7)ia iiqpaet 
valocitgr ia saan to rai&aln aubatantiaUjr constant at ita *fVaa 
spa/ea* value for praaauraa «p ta tha point at whieh tha aaas 
ttf paldi f i l i a the tube and thareafter axhibita a ataadj" 
daoraaaa with flarther Imraaae in praaatara* OSiua tha 
eontzlbutioB of aaoondazy alaatrena tewarda a build«up af 
alaotroB population baoeaaa ptvgraBaivaly laaa affaotivt* 
5«2«2 Change of ionitlm afflaiaaoy with i!aa praaaure 

CoHlaion ionixatien la a gaa ia usually deaoribai i n 
tenos of Townaaad*s pria«t7 oeaffieientot- » ar in ralatat 
tanns such aa ionisatiaa rata v^ and ionising affiei«Boy 
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90th theoiy and ojqperinant sbaw that in a fivon gas« /p ia a 
oantinuous function of the rodueed field l^p* 

1b evaluating tho ineroaan I n ienisatimi due to Inaroaee 
in gaa preasurot roeourao mtat bo node to tho oxperinentai 
data available. 

fve approaehoa vero nade» one baaed upon Ten W»§9iL 

A StoMbeek^ ionising offioienoj •* oloetron eaorgjr otfTo* 
the other uoing Yon Sagol^a^ ̂  * f ^ * ^ 
analyaia was oonplioatod by the aeeesaity of iatroduoing 
tho tine variation of olootrio f i e l d atrM#i. 
(a) Ivaluatiwi based UBjOff the i ^ s i a f offioionMr^e^yf^roi^ 

At a given prsssinpo, tho niaiiber of ion pairs pvednaoA 
b/ an oleotren in a lifotino linited by nobility oaî ttnpe 
nay bo deduoed fk<on the breakdown data by finding 

( i ) oloetron volooity (and henee* Moray) aa a Anatien 
of diaplnsansnt awi^s tho gi^* 

( i i ) ionising itffioient^ 8̂  aa a funeti«» of 
disidaeMMat ac» and 

( i i i ) integration of In over tho whole gap, 
( i ) Heotren veloeity at varioua tinea in transit aoresa 
tho gap ia given by tho ganoraliaed equation 



V • 

X exp ( • ) exy ••• •«• (30) 

Sto obtain a diaplaoaMBt^tiiw x>alatieftship i t is naaaiaaiy 
to Intagrata tha lAovs aquatiaa i»e« 

* a X * 
R dac • I ' . n i X i . i « F (V. siaMt - (tfeas«>«) 4t 

e 
dt 

* * Jo^y S ^ C l | • • • ^ • '^^^ - ( I | 0as»»t • sia«t) 

* * / 3 (rsM-»c©s^)1«cp(!jj|l) r«tp(*V^ 
% L • ^AY) • J « L • 

• e3rp{«»*|̂ ) *•* ••• ••• (3*) 
<0 

• 10$ • 



11. 



) 20.a Elefstron D r i f t V e locity y/s. Time i n Transit, 



20 Electron D r i f t V e locity V5. pteplGcement. 
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fie prodttoo a oontiauoua v ̂  ac euarvo at a particular 
preaatiro* tedioua ealeulation ia rofuired to obtain aeta 
of valttoa of V and n at oorreapOBding tinea» uaing ofuatisna 
(10 and (38)« 

V^r the oaao d • 4 en., i • . 60* n . 
tbo veloeit3r««tine ia given i n Viguro 20a and tho veleeitjo 
diaplneonant i n ̂ gura 20b* The early dooroase in velaoity 
ia a reault of the f i e l d i n i t i a l ^ retarding the eloatrana* 

Sineo i anr « • t , an anox^ displaeanant eurve nay 
bo drawn. Ihia is shoin i n Pignre 21. 
( i i ) fho elootren ionising offioionay 8̂  ia defined aa ^ 
mnfeer of ion paira preduood by one priauoy partiolo, 
redueed to 1 mi«}fg« 

I f the probability af • ooUiaion roaulting i n 
iottisation ia i t ia routed to 3̂  b j 

« f i ( • Qi whioh ja tho ^aa-aeation 
far ieniaation by oloetron 
oolUaion) 

Von Ihgol^ roprodttooa netaurtd valnea of 8̂  i n ̂ drogwa aa 
a function of eleetron ettex«y# Tho curve riaea aharp3y 
fron sore ? * (aa eacpoetod on Bohr tha«xy)« roaohaa a 
wairiaiMi at oiwrgioa a few tines and than daeraaaea. 
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22. I o n i z i n g E f f i c i e n c y vs. Electron Dleplacemant. 
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Dutt to doable^leg plettSaMly valaas of 8̂  oanaat 
e«ai3y ba read fraa tha •«!ira# Hewavar* i t ia feuad^ that 
for an«>gits below tha »axiaB«» tha rise ia is 
apprexistttaly liaaar» abaylag tha aapirieal equationt 

• ap ( t * V^) (3)) 

irhare *a* is a aoastaat tmf a partiealar 
far ^dregaa *a* » 21«10 ia appropriate units* 

Using equatiaa (38) ia aoajaaotiaa with figure 2 i , i t 
Ut therafore* peaaible to eaXeulata valaaa of 8̂  at 
Varlotta palats ia tha gap* Vhla ia shows ia figurs 32, 

I t is aeaa that far a < 2*3 aa,* 8̂  • 0« 1%is 
separatioa eerrespoadt te Y » f^t Batwaaa 2,3 sad 4 M*» 
8̂  rises steadily as the elaetraa galaa en«rgy. fhe dotted 
eaxre ia the figure shews the ieaisiag effeet of aa eleetrea 
travelling ia the ravane direetiea* 
( i l l ) The auabar of iea pairs prolaoed per elaotrsa ia 
traaait aeroaa tha gap ia givea by s^ • J 8̂  dx. 

graphioal aethod, f i r the ease eoasidarsd« « 0.02 laa 
pairs* 

Ihe above aa^vii afferds ealoulatioB ef the aMnbM" af 
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i^n pairs produced in tho gap and could bo extended to O^MT 
preaauroa. However* in view of tho longtby nature of tho 
CBlculatidnsf an alternative approach was aado* naking use 
of known variations of d /t with 
(^) ^a^^^,^ai|Hi^y/y ^ Mt W^ 

l ^ n the definition of Townaond'a pHaaiy coeffiaient« 
X 

% « oxp i I a ^ ) lAaro n ia the nomaliaed nunbar of 
* elootrena anerging fron a plane 

X on. f»on tho origin* in tho f i e l d 
direatiflA. 

Menee n^ « oagp {j dx) * 1 • ... (40) 

for a given gaa ^ • (l/p) 

^0 inatantanooua valoo of in an h.f. f i e l d nay bo 
oonaidored tho aano aa the etea^y value in a ateady f i e l d of 
tho sane atreagth (aeo, for oxaa(plo* Pin^^). 

Using thia oonoopt* 

la^orinentally^^y tho variation of with inereaaing ^ 
hydrogen ahows an i n i t i a l inoraaao up to an Vp Yalue of about 
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23. Variation of Qc/p w i t h phase of Applied Plaid. 

0 



600; for hinder values ef valuea of cr/p reaain 
approziaataly oonstant* 

Hathaaatioally tba curve ia represented by a aami* 
eapirical rolatioa^. 

^ « A eap ( "^p) ••• •** ••• (**-^^ 

A aad 8 being ooastaata* 
laaga of vaUdity ef l^pt 
22 • 1000. 

# • (42) 

Values of V ia traasit aoress the gap are givea by 
eqiuatioa (30)* U^ooH t>y ei^eulatioB of v and the ezpeeriteoatal 
tera at varioua tiaaa i a trenait aorosa the gap,, tha iatagral 
aqy be evi^uated by graphical aethod* 

A aiaplifiadf though lasa eacaot* fora of aqiiatioa (42) 

a l l ! now be ooaaidared* 
At the lower pressure i t ia seaa that for a l l but vazy 

aaall values ef (ttt (aad heaoe 1 « |̂  aia ait), a/p raaaias 
alaost at a value oloae to A, (5 ioa paira/oa* an*ng#)« The 
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2k» Calciaated ion-'palr production as a f i i n c t l o n of gas prneaure. 



alop« of the curve indioatoa that at the high i^p valuaa 
anoounterod daring most of a cycle of tho applied fidd» 
alaoet a l l collisions w i l l result in ionisatiou» naking a/p 
virtually independent of tho reduced fie l d atrongth. UMI 
curve plotted for a pressure of 0.0(^ anJIg. ia ainilart 
although the f l a t portion of tho eurvo ia reached nera 
gradually and the naxiwn value Of (Vp ia alightly anallor. 

Over nueh of tho intomedinto proasuro range a/p 
nay bo oonaidered roughly constant* ind(^pandant of both 
tisio variation of the elootrio field and of i**« tho 
^gpentnttai tofii in Offtation (M) tenda to unity. 

Heneo a/p "̂ A. 
Squation (%) then rodaaea to 

d 

j a dx » Ap J V dt a Ap Jdx « Apd. 

*% n^ «oxp (Apd) * 1 . . . . . . . . . (43) 

i.e. the nuaiber of ion*paira seated i n tho giqp riaea ateadily 
with increasing gas pressmfv* 

far tho 4 oa. gap# the variation of n^ with gas pressure 
i n tho intomediato region* aa oxpreaaed by equation (45)* ia 
shown in figure 24* At higher gaa prossurea, tho n^ Valuei 
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u]idou)»t«d3y too Iwgt^ tet t o tho approx iaa t i sas 

iatrodaeod* AdtcMSt ^otwoitt tho tira ealeulatlMt at 
•2 

9 * 0« 005 m,1Sg' i * M% f«o4 (a^ vaauta bfing 2.10 « U 

10*^ Air ^ 0 f i r a t aoA aaaoad ealottlati«aaa> raapootivaSj) 

probably di»o to t h t faot tbat tho l^f vaX^ at th is proaattro 

i a wa i l otttaiia t ! » fsotoA n n f * val iAitx of aqttatia* (41 } • 

9*y aiaatrea loaaaa 

^ oatabXiah a r a fv la r laaraaso i a olaaUva poy«latioa« 

t ba i r aat rata of laaroMia m»i oicoooi tho rata of loaa« 

Za a buildHip toiUaatoA b j aoooadaiy oaiaaloa* roMoral 

tr$m tke oyatoa* at tbo lovor pro»8oroa« ia aooouatod f i r 

tgr ttio priaaxy o2«otn«s aatoriac ^ oleetradaa. Xa tha 

itftoraX oaao tho offoottvo ao^oiitaqr oaiaaiaa oooffiaiaat 

of tho tlottroAo aurfaaoa aaat bo aoff ioioBtly i a oxeooa 

of UBilgr to raplaea oBijr fMTtbar loaaoot 

Sapopolatioa * i a tovM of t o t a l raaovaX f ^ a tko 

oyUador of gaa eoataiaot by tfaa oloatrotea - ia Ux io ly 

praaauro dopoftdoBt* A 9 i a l i t « t i vo aeeouat of tho poaaibXa 

iroeoaaaa w i l l ao« bo ciiraa« 

Voluae roerabiaatioa waa ooaaidoroA to bo uniaport«M( 

i a tho ruago of proas«ro« a^plcgroA* 
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N a u t r a l i a a t i o n b y way o f d i r d o t l o n - e l a o t r o n o o l l l s i o n 

l a an i aprobab le • • • n t , due t o l^e h i ^ r a l a t i v e v a l o c i t i a i 

i Q v o l v a d . Three-body procasaes are i n genera l isora a f f a c t i v e * 

Such c o l l i a l o n a are u n l i k e l y a t low pressures and h j rdrogm i s 

v i r t u a l l y a non -a t t ach ing gas* 

The s p e c i a l type o f d i s s o c l a t i T e r ecoab ina t i on descr ibed 

by F u c k 8 ^ \ and discussed i n Sec t ion 1»3*2., can g i v e r i s e t o 

e l e c t r o n gene ra t i on . However, the necessary sequence o f 

events i s most i aprobab le below a few BB.Hg. Corr lgan A Von 

£ n g e l , fHio have s t u d i e d e x c i t a t i o n and d i s s o c i a t i o n i n hydrogen 

b y an e l e c t r o n swam, neg l ec t voluae r ecoab ina t ion i n the 

pressure range 0*7 an.Hg. - 12*ma. Hg. 

( b ) D i f f u a i o n 

33}eraal d i f f u s i o n o f e l e c t rons i n a gaseous aediua 

may be p i c t u r e d as a *randoB walk* o f the p a r t i c l e s away f r o a 

r e g i o n s o f h i g ^ c o n c e n t r a t i o n . Elac toon d r i f t i s t h e r e f o r e 

acconipanled by a r a d i a l spread o f charge* 

By i t s v e r y na tu re , losses f f o a the systea should be v e r y 

a a a l l i n the l o w pressure r e g i o n V ^ < o) , corresponding t o auch 

o f the e x p e r l a e n t a l range. A t h ighe r pressures where e l e c t r o n s 

Bake aany c o U i s i o n s per o s c i l l a t i o n , d i f f u s i o n becoaes i n o r e a s i a g l y 

i a p o r t a n t , p a r t i c u l a r l y when e l ec t rons are unable t o reach the 

e l e c t r o d e s by o s c i l l a t o z y d r i f t . Results a t the h ighe r pressures used 

a re seen i n the f o l l o w i n g s e c t i o n t o con fo ra t o such behav low* 
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Quantitatively, l l t t lLe hd&dir«y could be loado at t h t 

lo» p^38tQrta* The ba ĵ̂ o d i f fus ion eopiatlona w*re found 

<to ba Ittapplioabla undtr escperiKOErtal conditions. 

$44*1 lAttita of tha d i f f u y ^ ^ thapty 

tha h i i ^ t praaauraa ilivaatigated» braakdova 

be expeotad to conlbra » i t h tha diffuaieo theory of hS<b* 

ft9tsxeBssr brededoim* 

^ raquirsmasts of the d i f l \ u ioa tbaozy» that uadsr 

thrtj ihdid conditions l&t gain i n aleotfon |»pulat ion dot 

to colUaion ionisation aball just rsplaos diff t iaiva loaaas * 

dtound a nusibca' of ea^arlSMntaX oonditiona to b# observed*^^ 

(a) that each eleotroQ isake at laaat oas ionisifig colliaioB 

before i t leaves the tu^a* 

l a the l i f id t ing oase» the i^ectron aean free path 

bdctosss equal to the oharaotariatiQ di f fus ion laivKth A and 

to eonfom with theosy K^ < A • 

The oharaoteriatiQ d i l ^ a i ^ l a n g ^ 4 l a dstaxiaiBtd l»y 

the geometxy o f the alaotroda ^yataai aad A;>r a cylinder o f 

holiEfat d and radius & has bean a^uatad^^ ass 
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T A B L E 3 

r M / x R A . C T £ a \ S T \ C - D I F F U S I O N L E N G T H $ 

4- I- 08 

3 0-87 

2 0-61 

1 0-30 



T A B L E : 4-

P R E S 5 U K E S A T W H I C H / \ , 

FOR VAiWous Cf\? WIDTHS 

4 0 - o i q 

3 0-023 

2 0-03 2 

1 0 068 



Caloulatioiw o f A f o r Tarieus traluoa o f alootroaa 

• o p a r f t t i o B 4 aro slvoo i a tablo 5* Tho propor t o Im o o f t 

ia a aattar of aoao doubt f aineo the f i o l A atroagth 

g^padually dooreaaaa avoy f roa tho f l a t o o n t r a l ragion of 

tho olootredoos tho iraXua usod ia that bataoaa tha ooatrt 

asft poripkoiy o f an alootrofto* 

Slnoo « ^ ( t t o r a f a i r raago of oloo^oa 

oBorfioa) *.» (17) 

tho e o B d i t i e n boooaoat 

Iloaoo tho Hait tBg proaaaro f o r va r i eua oloetrofto a^aratiaaa 

a aay bo oaloulatod. fboaa aro givoa i a Tablo 4» 

(b) that onifora f i o l f t ooalitloaa aro obo3rod. 

A fur thor ro<|air«iaat oaa bo o r i t t o a i a toms of tko aiao 

Of tho diaohargo tuba pvndaaiiblo to austaia a alaglo loop of 

a at t tdiag waro o f tho appliod f i o l A i . o . ^ > A • 

8ia»o d « X tor a l l tho cdootrodo aaparatSiaa oaad* tko 

uaifora f i o l d ooaditioa ia obagrad* 

(o) that olootroaa, Igr Y i r t u o of t h o i r e a o i l l a t o x y aotiaa* 

oaoillato « i th in tho oosfiaoa of tho ^ p « 

Koaoo < 9/B • • • • • • (U>) 
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T A B L E 5 

ALL PR£SSORBS 

3 

2 1-3. 10"' 

1 0-5". 10'' 



AXt«r»ativt}y» dafiaiag alaatron aalbit d^ as tha 

displaowMBt i n a half»itysla ef the f i a l d 

^ • ^ a 

fmm aquation (29) 

h • * 

ttia variatiana o f with p tatdsr axpat4aental aoBdi t ieaa 

have haea platted i a l igara 15* (Xt should here be raatatai 

aimt the aoouraoy of the plat «• and a l l oaleulatieaa 

l a w l t i a g t h * eoUi t i e i i fsra^aaeiy tana ^ ia dapaadand upaa 

tha aaauaptiea that m 9 (Saatioa 4*4))« 

Qaiag f i««ra 15» tha l i a i t i a g praasuraa aazraapaadiat 

to equality o f aquatlaa (44) *ra givea i a Table 5* 

The Ua i t i ag preitvrea thus daoreaaaa a i t h iaereasiag 

aaparatioa* aa ajcpaatad* 

Per tha 4 omm gap» tha altetvaa aabit aad aleatrada 

aaparatioa are alaost aqual f ¥ r pressures halair sheut 

5* lOT^ aaaKg* H«raver» i a th i s m g e electraaa aya a t i l l 

aapahla of ovoaaiag th t during a half*GyoXa uador auitabla 
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H d t i a l oosditioaa* aa tirovlo«ia aaalyaia kaa ahovn -

faluaa givan i n tho tablo rofor g j ^ i f i e a l l y to aotlon 

irhieh ia puraly oaeillatary* 

I t ia ovidont f roa tho oaloulatlOBa baaai ^spm 

d i m o i o a thaoxy ro^uitiiaMita that tho oaoillatiea mpU««i» 

aoaditioa offootito3or l i a i t t tho proaatiro raago undar iMal i 

diff^ioB thooxy aoy bo at»liod« to toot tho thooxy «M 

a^r bo aada of tho osproooiaa doritod by Provoo A Gluk^t 

maoly that uador diffaa&oit ooatridlod oonditioaa. 

> 1 6 j ) - ^ • 15̂ *̂ T f ^ & J (^1) 

f^ cad 7^ * ^ f^t ioaa lopoAdisg apoa tho mturo of tko 

gaa. tho ouTfO rolatiag 1 A ooA p A ^ ^bua unlfoa f o r 

a^y ona gaa aad parovidoa a ttriafoiit toot f o r tho appl ioobi l iV 

of tho thoery* t<ar lor gaa proiiwoa iriiora ia aoafarabla 

with «a , tha B.M.S. f i a U 1^ i a o ^ t i o a (45) aha«U bo 

•odifiod to read S^j okoro i « tko offooUvo f i o l d foop 

oaorgy trasafor (aaa Sootioa 4 .4 ) . 

ia rolatod to 1^ ^ 

- \ (M) 
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5^ .2 MJi * | A aaa« l t i 

Siaoa tha $ ^ - pA aanrt i a uaiqaa f a r hy<raf«a i a 

m dif<Wiiaa aeatreUsd x^f ian , and thar«f«ra iBiepeaieal 

af ft'a9taa«y» tfaa axysriaaatal r « f a l t a at 20 th/B shealt 

h« OB tha same eurva as aaaauraaMts takaa bgr atiiar aeriiara^ 

tttiait d i f f « r e a t alaetraAa faaaatvits and f i e l d frt^eeaeiee* 

Tha plet i t •hawa i a f l f a r e aaing the Mthar^e 

» e « a t a aad these of i m i i «ttd M M a l i ^ ^ , ThmpMsP aad 

Claacl?*. 

Xt i a aeai that 1^ a Aft saaeth extrapelatiea ef the 

eth8]^ wariear** data, the SO Hs/e tesults are i a reaaeaakXe 

etnferaitgr with the diffaaiea theiiar* 

f a r eanataat p& , eeireipeadisg velues ef l^A f a r 

diiTereat gap widths taad te esAiUt a eaall aharaetet* 

l a t i o laereaae aa d i a ieereeeed* I t ia d i f f i e o l t te 

osaelude whether or net th i s ehaage i s s i ia i f leaa t - the 

spread ef results i s l i t t l e aere thsa that between these aa 

the eoaaea eurve at higher pA values* Also, praaaeres 

aaesured above 0*1 Ba.%* wire sehjeet te error dae te « 

eraapittS of the Pirani gaage aesr the l l a i t of i t a seele* 

Apart f roa thia rasttcvatieii, i t a«y be oendoded that 

hrefekdeas at the high preeeam i s in i t i a ted wbea the lees 

ef aleetrens by d i f fua ion i s s l i i h t l y cere Iftum aaie wp l(|r 
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p r o d u c t i o n thirough e o U i a i o n l o n i w t i o n . 

5.4.3 Onaet f i o l d r a luoo I n d i f f u a i o n c o n t r o l l e d diachargea. 
Bjecuaalon 

One o f the fea-tairoa of the hydrogen r e c u l t s shown i n F igure 

12, i a t h a t the a l n l a u a va lues of f i o l d s t r e n g t h recorded f o r 

Isreakdown under d i f f u s i o n - l l a i t o d cond i t i ons ax^ lower than have 

been h i t h e r t o r e p o r t e d . A coapariaon w i t h tiie r e s u l t s obta ined 

a t miorowav© f roquenc loa^^ i a p a r t i c u l a r l y i n t e r e s t i n g . 

29 

I t has a l r e a d y been mentionod t h a t tho cur ro r e l a t i n g 

a i ^ pA i s u n i q u a , f o r a g i v e n gaa, when breakdown 

c o n d i t i o n s accord witb^ t h o d i f f u s i o n t h e o r y . For a syataa w i t h 

f i x e d e l e c ^ d o gooae t ry (A and hence d cons tan t ) r e d u c t i o n 

i n gaa pressure g ives r i s e t o a progress ive l o w e r i n g o f onaet 

f i e l d a t r e n g t h , p rov ided t h a t ttie a leo t rons sake aany c o l l i s i o n s / 

o s o l l l a t i o n . Thit i s a consoquonoe o f the f a c t t h a t as preaauro 

i a Induced, e l e c t r o n nean f r e e pa th I s Increaeed, and hence the 

o n e r ^ gained f r o a t ho f i e l d pe r c o l l i s i o n r i s e s . 

Under such conditionB f i e l d f requency I s no t s i g n i f i c a n t 

and s i m i l a r f i e l d values are r e q u i r e d f o r breakdown i n a 

fspoqueney m i g e extending f r o a a few aegacyclos t o tho 

aicrowave r e g i o n (as evidenced by r e s u l t s a t w i d e l y d i f f e r e n t 

f r equono ioa lying on a coaiDon EA. - p / l c u r v e ) . 

A t a ic rovavo f r e q u e n o l o s , r e d u c t i o n o f f i e l d s t r o n g ^ w i t h 
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dooroaaiag proaaaro i t aot ooatiaooua, ovoa within tko l i a i t a 

of diff«uiioa control. Ver a fro^ofnoy of 3000 Mo/a»» tko 

Colliaiott Ttroq^aoy traaait&oR ( « ^ ) oooura at y » 3»f lki«l||. 

(Caoo (k)^ Tablo 6 ) . M M r roiootioa U p aaoossitatoa a riao 

i a f i o l d etrongth^ aiaoo tvaasf i r «f inirgjr botwooa WM. mA 

gai booeaoa loaa ^ f i o i o a d . 

Ok tho other kead« k t 10 Mi/k, tho t r a a a i t i « l oooara at 

p m 2.10*^ Ba«Ks* R«iko^ providlag tho aatural l i a i t t of tho 

d i f f U t i o a thoaxy ar t o t s^ iod with witbia tho rsiMtt 3.2 aB4%. 

* a.1Q*^ aaf1^« lowtr alttaato iralaot of broakdooa atroat ar t 

potsibla at ^ d t tnsfim^* 

ftibU 6 r t l a t t t t k t l i a i t i a g protawro valuot f o r the 

g»9 ( A « 1.08 oa.) with r t f t r t a s o to t h t Moaa Troo Batk aai 

OtoUlaUoa Aaplitate l i a i t t (oatot ^ ) tad (o)) ; i t i t ttoa 

that diff t ia ioa oontrol i t l i a i t o d by tho ataa f r o t path f l U i m 

tko tttbo at p * 1.8.10^ aa.Hg.^vaat oioto to that fo r tko 

CoUitioa fro<|ioaoy t r a a t i t i t a « 

&wroatt i n a i to of tko ditoh«rgo toko end honoo 

iaoroato i a a * eaattt k rtdaotion i a thrtthOld f i d . d t t r tagtk , 

t i«oo d i f f a t i t a I t t t o t ttm tko tgrttia ar t roduetd. i k t taaliag 

prottac i t l i a i t t d , htwti tr» by t k t frw^ttoaiDMtptndiat thdfotm 

f i e l d l i i ^ t » i f thodlittttdMft tkoery i t to bo applios^la, Vtaiaiai 
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talmas ef ere girea im TM^e Case (d) aad ahaw that a 

value A » oa* east net he exseeded at 3000 nVt* The 

eerrespeniiag value at 30 ]!«/•# i K the ether haai, i a aash 

l a r ^ r than hat yet baea used i a pvaetioe* 

Xt nsy be coaclmled Umi the lew hreekdeea f i e lds 

i»f reported i a Hydregea atiee tiem a ehMee ef f i e l d finfinir 
aad eleetreda geeaetxy whieh eaahle the diffusiso thesry* i a 

the regies where eleetr«mi aike aora thaa ana oal l is ie i l per 

eedil lat ien, t e be eeepHed with dees to r e l a t i v a l j lev 

presMreSf 
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fhe expeiria«itel teetaitMa eapl^red i a reeordliw 

hl>eakde«a aeaauraiettte at 10 Me/s were vesy s ia i la r te 

these deasrlbed f o r 20 Wt expeHMata* The tuaed e i r t a l t 

aastinr esoiU&ter, based apMi a 10 i ^ s quarts eiyetal^ was 

tuaed te resoaate i a the ftoidaaeatel aade end the driver, 

power ead eoupliai eireuite epparepriate3j ediusted. 

(Jltravieiet i r radiet iea of tha sep wee egaia aaed* 

The thresheld f i e l d was eeti*lished hy iaeressiag the 

hpplied f i e l d i a saalX stepe u a t i l a diseharfe eeearred; 

the prsoeee heistf repeated • aaadler ef tiaea* Adeqeete 

iatervals were aliewed te triie iate aeeoaat a t a t i t t i e a l lac» 

aa4 deieaisstiea tiaes* 

V y ^ f f f i , ? r ^ f » | f f i f t , f | i ^ i wj^th j a i B f f ^ ^ 

fhe eaeperineatel plet* are aheea graphieaUy i a ligare 

12, wi th B*K*S« breakdawa f i A d givea aa a foaetiea e f 

Ipas pressure f a r d i f f e r t a t eleatrade eeperati tes« 

the fera ef the breahiaea eurvaa d i f f e r asited^y 
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t k t iorrotpokdiag roaulta ot 20 Wa* dooroatii^ 

paptaauta t h t oaatt f i t U t t r tag th r i t t t sherpjy tittm^ m 

i a i t i t l l y uaif^x« r t g l t a , aottorokoatt t traiaatiag i k aa 

ottt<^f f 4 

At jroattirot above «ab*tff» f i o l d valaaa a t r t obtMrvtd 

« t i f t r o a t t aa the t l o t t r t d t t t p t r a t i t a aat iaoroa«od» i a 

k j i t i ikor t i a H a r to ro t t t^ iag t at 20 Wt« Agoia* tkt 

oaf«4ff j v a t t a r t t i^owod a okaraetoapiatio ioeroatt aa t lw 

t t p t r a t i t a waa lAoroottd* 

At d t t t r i b t d i a SottiMi 5«4«1 t h t tppliostioa of t k t 

d i f l ^ i t a thooxy of faig;l^»frt9tonty broakdtaa i t ro t t r io t tA 

t o oortaia raogtt o f tbo ptt taotort i s ro lv td (olootrodt 

t tporat ioa» gat p r t t t a» t# f i t l d f^qatBty)» i a aootrdaatt 

a i t h tho l i a i t t proter ib t t by Brova A ioDoaaid^^. 

At 10 Us/; tko oxyoviatalal raaulta l i e witkia tko 

atsa f ree path m& aa i fom f l t l d l i a i t t * 

Koirov«ev i t w i l l not bo tkown that tha iaoroatot I k 

f i t l d ttreagth oulaiaatiag i a aat<*offii aay bo attribatod to 

dtpait t t r t t fr<Mi tho d i f f aa iw i thooxy» oaaaod by irogrooaivo 

iaoroatot i a tho aaplitalat of olootxioB oaoiUatioB to tka 

f O i a t t at vhioh t h t agh&ti ooiipltto3y f i U tho apaott bttwtaft 
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26. Blectron Ambi^a^j^j'tinct^on of Qae Prasai^^. 



l^tii$ tht Mt* f^at fl<«iir» 3 U. ĉ JMuttotiMi with H M ^ U M 

pp*imm lit wbieb tk« •Utitfm f U l %bi int«p«3*«M(* 

iptet i b« l«fiikt«a| tli*M f MTkid In tfat f i f n f^ \ t t ^ 

tsi^pixiatatai Jt* p mm (•«§ 5) i t i t »Ma f«r 

•iMb TAlttt $f el««%]!>e4t fftpttniti^iii tMa wlt ioal yMtt>a« U M 

OA th<i sle^Um part of i t * vt3l«f«it otirvt^ *t a point 

«h*t a))ov» tiio OQt^eff vajy*** 

I W B this otidoaet i t i i w i f i<oasoaiblo to *«qppoao tk«t 

tha oharaotorittio ri»* of S vitk ftoftrontias p i t kx<oiigkl 

1»y the fraiual m»vid of olootroM te^m tho t««t gap 

by wbili^ar ^pti^r#t x^Moval cMMonoittj at apnoauro 

oozyeapoadiag to tko foot t f t h i alopo boins ooapltto at 

tho o»t-off t o lw* 

Xt olKnad bo poiato4 attt tliat althotsfh prooiao 

tbtaratieal iaforaatltB i« iMlciac l^gordlsf tlw AiatribiitiflK 

i f isdititaaX a^plittidaa im a aoani of oloetaraat oaeiUaltig 
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«l high tt^mtKtf • ^Uoqii ^ •tfwimmUl «viiiMt 

iDl i tKtM th»t th i ot<siU*tiMi MpUtttAi Halt «f tiit 

Aithiiiwi tlMMiy 1« • finiBiOl yvwMit etfrtrini « tiaiU 

««2 f̂ff̂ td I f irllffr 

Btit i th digr^ 6i*|)iai0r UA* irart ^mHi m U&iii^mX 

jnHfi^^tUm was *t tMf |«A« In thU mpMt th« M M tMMlti 

k» tr«ftt«A vith SMM r«tinr*» (At vva ttactl* i» 

«0atiK«ftti«& «itli 9«iattA Mt t lu t taaU Wt 

igtAtHAlEtiB^ at Aa i tHM iaS««tlA« 5«5* laitiatMgr i l M M M 

wiT* ^Hdad Igr t a tmlaUt teaAia^j a icUmMl 

!U|s vavti fotHidl to tiQ«7 WteiMii * fav aaoeft4Ui mA a j^Lwiti ar 

%«t| la iKtrawa eaaas* 9l»a»* appaaraA ^ lia ao gitUlHtkt 
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rtUtiasibip betvaoia ttati t t iait l t i M i mi, tlM wturo of 

a pairti«Y}Ur <«a* 

Sof^al raoM *oro taleoa mimg tholo two gaaoo* Aa 

i» |ir«fl»u8 oatoa tbo vaHaliaa of tbmboH fi«14 waa *btii»il 

a« a f^OMtloii of priosniOf f i r iraviaua fixoA olootfoia apaaiact* 

A ws»ib9t of «^^iaa»tal avuefoa ax^ aboia Ui fit&% 27] Maalta 

im Itdrflx^fttt ara aUa fitae ti» oaapaH»tn« 

At 10 li^a« o u t ^ f f i ««ra «caiii obaarvoAt tbe««k Hm 

trasaitiaiu aaro aat ^oitt lo abfupt aa im fcQp^soii* 1!ka 

<ait««ff pretititpoa^ ]ieaar«r« taxi t i ai^aifioastSy tfm gaa 

to gaa at aoAataat a loe^ l* »apar«tiott» 

AtatmiBg that th* ftatart of tho oat«»off8 ia uaooiatoi 

ait l i tba aaplittiaaa of aUitroa aaoilXatioft ia^roaalug ta 

fSXl tha gapi aa i n Is^^^m, «ta vaxiatiMia 1» awt^off 

pMaa«^oa as>a to ba asgpoatoi* tiaeo pg^portioa wub aa oalUgha 

probabiUtjr* aaa» firoa pa^ ota,» ara 4opondo«t vpo« tb* 

«attiro of tb» gaa aa wall aa ita pewm^ 

l»r nitrogiOt uaiag t}io ooUision probabiUtr • aloa^wi 

aaasijr ooi^a of Breto^̂ ^y mA tubi t i tu t i i i tha p«apfr 

Yarlab3<aa» i t ia fiasd tbat #v«r a rwfo of oIoatrMi oaaygiai 

tmim k'* 50 a»t* eoUlHiift f»m;aaaisr a»d gaa proa««a ara 
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raUtad by tka aguctiaBf 

• t#28« 16% «M *•# M 
0 

(Ilia iMriaaS^ r§3m nHaa vi^i la ICÎ  af tlit rai»a aT«r 

tha taasa ^i^aa i3»d?a)# 

Aaaardioi ta a«i«tiaii (Sf) tfca aapUtiAt af alaatna 

««9iUati«» ^raaaM wiih iaoraaaia^ aallialaa ft^afMaty^ 

m i iia»Qa witb daeraaaiae praaaw^* 

ta f m U t ^ l T f agpiiaaat with •xpariaaatal 9b»armiaaa« 

i t i« to ba « c ^ t a d mi^t$ iA nStfOtgaa aeevp «t 

va^tiiralar lavar praisi»>a« thaa Sa isgrArasaa* aiaaa at a dtaa 

ptfî aiura tint raiipaatita aaUlalaa iVavwatiaa ara ia a 

af a#̂ *a %)m tao to oaa (2«1^ i t)» QuaAtitatltaajr i t aaa 

l»a dhaim tliat at c n x t ^ tkta n t i a ( d ) abeulA ba 
a 

apiraxiaataly o<i»ata&t « îat«V«r «aa la uaadt at aoattait 

ailaatrada aapaimtioa* UMTirtaaatalyj tbia aeuld aat ba taatat 

AM to tha abrt^t aatuira af tba eut^affa* 

Wi> aiapSa i!*al»ti«aabiy aypaaxv ta «tlat batwaaa aallltiaa 

l^itvaaoy aaA irasmra la aaaat at abova trcm iraAa^a^^ 

l ^ b a b i l i ^ ovr«a* fba if^aalag fitaa abata cufgaata tbat ^ 

aaiUaiea fra^uaatg^ aho^U Ua bativa«a tha valtiaa tme lioNtratia 

a&i Git)K«aa (at eoaataat yraaatira)* 



At 20 «^a» raaaXta ia aitrafaa abev tk»t tba braafcAwia 

f i a ^ at lav jraaaaraa aara aiailar ia aa^tada ta tbaaa 

aaoaaataraA ia ivfArc^ at tba aaaa fraquaaay aad gap «iltb» 

thia aay ba rcgariad aa adtAictaa ia aapi^t af tba aaaljraia 

Qf tba l̂ ydr̂ gaa raaulta at law praaavm^ ia abiah braakiaaa 

iaitiatiea aaa axplaiaad ia tama of a bui]4f^p af alaatiaa 

diaaitjr thraugh aaoocdaxy aadaaiaa at tha alaotxo&a auzfaaaat 

{Stiab a saabaaiaa i$ d^aaAiat apan tha »at«ra of tba alaatvadaa 

i*at̂ ar than upon tha n a t ^ af tba gaa ant would giva riaa 

tft aialUr bx'aafcdaim iralaaa* 
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diffuaiatt tboazy of broalEAiva propoaoa a 

broaicAdim aoeboiias atunbgr tbo rata of cravth af alaatm 

pap«latia» vithiii a toat fap^ ia raotriataft fegr a rata af 

4aiaaiisatiBa dmiaatad V iiff«iaita 2oaaaa of oloatrana ttm 

tba aaratask Vitbid tha aatiwol imu af tha tbaasisr» Iroaii 

at Of of ItX,1^. havt doMMOtratad tha validitjr «f tba 

tbaaiijr i s a tariaty of foaa* i t f^fttaaaiaa ia tba aiaraoaya 

ra«i«a« 

Hora roooait3jr̂  priina A HUm^ bava •arifiad bgr 

a»a«ttr«MBta at 9.5 that tba tbaary ia a«pUetblo ta 

brtakdava im tbo radia^ftfajiai^y ri«ioiu 

0aiBd siaroaara aaaraaa* daoraaao i» s«a proaaava wilhia 

m alattrado ifatoa «f fivaa laaaatry rtaalta im m i id t i a l 

da^oaaa im tbroahold f & ^ val»oa« Ho«rar«f» a « ^ dooroaaoa 

ara &0t oauaXŜ  aaiiKtai»od balav praottnra* af a f ta 

aiaoa radoati^ Sm pro«a«ro baa tba affoot of eauaiag daparlwaa 

fSTMi diihrtiaioa tboorjr rofuiraaiata* Brool̂ toaii flolte riaa» 

ba««a8# oQtkida tbo diffViaiaa oaatroUad roflaa oitbar tba rata 

of oSUotroa lota ia iMS-oaaad or tbo rato of pradoatioB booom 

:tata affaativa* sl«ilar otidMoa of dtparturaa f m tba tbaaiiy 

hat* baaa oboorrad by aatoral urarlEara at radio fro^ioaoioa* (hi 
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tba otbar baad> aaaauraaaata ^ QM^\ at 9*5 awggaatad. 

that with auitabla alaatfaia i^aatriaa tba tbaaiy algM bald 

at prataiaiaa baXav 1 wwRg** aitb a furtbar daaraaaa af 

braikdawa f i a U iraluaa balaa ttaa atoiaa obtaiaabla ia tba 

aiai*oaava i*agiaa« 

$ha «ark hai« rapaa*tad ia lyrdiagaa abaaa that dapart«raa 

aaatî  at aaaaabat loaar sraeanraa thaa hcra bitbarta baaa 

t^parUd* At 10 Kc/a mam^tU bat iaiieatad tbat tba auVaffa 

••or ba attributad ta tba faat tbat th« ai^plitvdia af alattiaa 

aonaM&t aaa ba no loagaar taafjaal ta tba iatar*alaatiada dittaaaa* 

Kobility ai^tura graat3/ aihaaaait tba aat rata af lata af alaatxaaa 

aad daaaadt aa iaomaa ia ayfHad fiald ttroagtli ta braab da«» 

^ 0 gip# 

At 20 X^a bxaakdaaa f i t l l a daaraata alaa3j aitb radaaad 

]>ra«attra (at fixad alaatvada aayaratiaa) ta aa alaaat aaaataat 

valtta# tha libtaaea af aaldaa abaagaa ia braaiedam fiald 

atnmgtba aad tba l a ^ af baaia data raga^diag tba frayartiaa 

af tba alaatzada aurfaaat baa lad ta « aaai^aapiriaal aaaSyaia 

• f braakd»wa fai^ la« praaawraa at thit fra^iaa^* 

Ijr aritiag daaa tba batia aqaatiaa af alaatraa aatiaa 

ia ta altamatiag f i a l l ^ a tbaayatiaal piatura of bmkdaaa baa 

baaa built MP ia tamt af a ta*aad»^ aavaaaat of alaatxaat 
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a^rtoi tba iittoriloetrodo apaoo« Slootrm daaaity ia 

oaaaidarad to iiiioroaaa lartaSy Igr aaooadary Mdaaian tfm 

tba alaatroda a«rf»aaa« At 2otr praaaaroa (aorraapaiill,t 

ta braabdam ia a «iraawi»^) tba f i i U ofvatioat ara ia agraaMnt 

ivitb thaaa af mi A U f o l ^ t «ha havo aiqplaiaod tb» 

iKOOptioa ^ f olaatMdiXaaa diaabaif aa at twy Urn proMirai i t 

taraa of aaaoadirj tiiiaaiaa froA tha walla af tb« gloaa 

diatharga oi^uXo* 

A baaia r a y i m i a i af braid^lMa «adar au^ eoaiitioaa 

ia that aXidtroA Mtioa b# a«it«ib3y pbaaad ititb roapaot #a 

tba aisaaoidai appXiod f i a U Md that ^ iataralaotradi 

ipao« bo travaraad ia a baSlf pariod of tba auppijr* laawtac 

that br«akdaaa aaeura at a f iald valuo letob that a aat (aia 

iA alaetroa daaaitj ia j»*t aaiat^Aad Aarii^ aaeh ha3f paviai^ 

loMwladsa of tha aaooadaty «aiaaivi proportiaa of tbi oloatradaa 

wottXd aaabXa a ^ t i a a l taat of I4ta thoory to bo aado* i» 

pr«ria«w2y tMaUoaod̂  tkia baa aat provod poaaibla« liawovor* 

oaXouXatieaa of iapaat faXoaitiaa ata# aMfgaat that tha Conrad 

broabdoim flu^d taXuaa aro auffioiaat ta pan^ an laoroaaa ia 

oXtotraa poptOatiaiia* Xoadiag uXtiaat^ly to bradNtoaa* Hf tbi 

aaaUir oloatredo apaelata a aadifia^ioa to tbo atraicbt)^ 

forwird to»aad^f)ro aaaboaiaaî  ia pvoposody whoro>y oXottrtAa 
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tx^traraa tba gap ia » balf<*pariad during irbiob ihagr jrattrlio 

tba yamt •laatrada* 

With iaoraaaiag gaa paattartf aalauUtioat abow tbat far 

j^aauras balow tba ragioa ia abiab tba alaatraa aaaa trm patb 

baooaaa aoaparObla with tba alaatsada apaa^, braabdoim babtviaar 

appro3riaatat eletaijr to Ŷaaaaâ  ooaAitieaa* lOr faxiaiar 

iaovaata ia proaam^ ^ aaabaaita basoaaa ]p!^rataiaa3|r lata 

afftoiaat aad faila wbaa alaatraaa aaka attabara of aallitioat 

ia traaait aex̂ aa tha ga9» At aaoa tiaa ^ aaplitado af 

laootrM otaiUatioa (ia tba iM^%jr otoiUaiozsr aaato) loaraaaaa 

with iaoraaaiag praoawo» gitiag riaa^ at prataas^ botwoaa 

aboat 10*̂  iBdHs* to 5*10''̂  MbHg* (dapaadlag aa tba ga» 

apaaiag) to braakdowa ia raaoaaObla aoafoxwitr w i ^ tba dtffoadaa 

tbaaxy, Zatamodiata oaaditiaaa bavo aot ba« «^pla^Md 

4aaatitati«a3^ but raaultt iaiiaata a taootb ttaatitiaa batwaaa 

tba two» 

f^v a gi«aa alaotrada aaparatiea aad f ia ld atraagtb« tbo 

aiaotroa oaoillatiea a a p H ^ (oao half tbo total dittaaoo 

aatod ia a ha l f^olo af tba fiold* d )̂ ia giv«« bjr aquvtiaa 18« 

aoaoly-
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Alto cc pt 
Tbo proaaoro at i^oh ea AUatrM juat aroaaaa a f«p of 

Xaacth d« ia a haXf-poriod, thua iaeraaaaa aa f iald tfftmtjr 

daoraaaa*# At 10 Mq/a praiaoroa o»roapaadliac ta d^ « d ara 

too high ta ciTo oXootroaa atriltlAg tbo alaatreda faoaa 

attffiaiMit aoariy to r̂ ^aaaa ataifaoa oXoatroaa ty aaaoadary 

aaiiaioa* Hoaea olootraaa atrifciai tho aaXXa ara 2aat fvt« 

tho ayatoa and 'out^fTa* ooour* With 20 Hĉ a oaeilXatiMa> 

tha aorroapaadiad praasaraa ara X«» waufb tad h«aea iapaat 

iralaoitiaa auffiaioatSy id^h to perait auitabay phaaad alaatroaa 

to raXaaaa Airthar aXootmaa tinm tbo tlsotrodoa. 

Ko thaaratioaX troataoat waa attoaptod for tho roauXtâ  

ia othor gaaaa* QuaXitatifaly raauXta aupport tho wtk la 

hydrogoa* At 20 tff/a» fiaXd vaXvaa at Xev praa^iraa for 

oarroapoadiat aXoatrada aaparatioaa sra wwry aiaiXar, auppMrti)^ 

tba viaa that broakdaim ia set aigaif ieantly iaf luaaoad hy tba 

aattura of tht gaa* Tho obaraatoriatia ebaagaa ia oat^ff 

ptr*oaauraa at 10 IH/B ara aa axpaatad from oeaaidaratioaa 

daparturaa froa tha diff^aiaa thaosey* 
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