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~- ·aeahaJ:d.a ot breakdown of e. gee at preasurea less thou. a few microua 

of mercU17 baa been UDder investigation for e~ time to bring to 118ht 1 te 

esl1ent · feature•• · For ~okdotm meaaurementa some ot tho. 'lirorkere U!led the 
~ 

exterml electrode• ODd me~d the peak etartirlg potential and othen ,..4 

1Dtemal. electrodee. Ear~ tnveettgatione ot, break4own . field etrengthe :lD 

' ~ 
gaaes at lmr preesuree am btgh 1'zrequency from 1 to 100 l~Al/eec were carri.e'* 

out by Gutton am Gutton (1924e 1928), Gutton_(1930) an4 Kirschner (1925,· 1930). 

Their main observation was that the b:nwkdown field etre»sth ,tleoreaeee W1 tb 

deoreaeine freq~ncy to valuee ae low aa 10 "f'/ca until a cutoff :t'%'efJuency 1e 

reached Where breakdown becomee a matter of ohlmee even at a ve1."3 b:1gb 

electric field ·•tren.gth. A latter mwat1gatton by Baclcmark aDl Bengeton (1941 )· 

let w a theoretical am]Qe1e of the mecb.e.n1em by Dtm1eleeon · ( 1943 ) where be 

proposed that tho breakdown is o~ by the increase ot electroDe by the resonance 

of sectiDdary eleotrona with the electric :fioldo. A few elSotrone present S.ftltial~ 

by liatUl'Bl causes were accelemted. to ·One end electrode whel'8 they prodooe4 

_ ·, ·eeconcte.ry electrons by impact~;· These eecondar.l.ea. were emitted 1n a rew!'M 

electric field which c&rrted them to the oppoa1 te electrode ir1 approximately' 
. . . ' . . ~ .·. ·. 

balt a· cy.U. to prodwe l.lDOther group of secondaries., ¥ti eecondv17 emtseioD 

yield .is greater than unitl't: electrons are raUl~p11ed to a very large Qtwlltitf 

in.-a veey ehor-. duration and ~9 results 1D the bre<"'l«lOWD of the 8U• Thie 
\ ' 

aechaftisa 1e called -breakdown by seoohdar.y electron ree~e. G1U am 
', ' . . 

Yon Ellgol ( 1948 ).lllSde observations tD the freC~uency range ot 12. t() 75 lfc/MO 
' . 

ard observed ,.1ug eatamal e1ectl'Odee that the: peak .starting field etreDGth tor 
• • '~ ,. ·, • • < ' .: ' 
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like n., Hg1 B2 $Dd,_at.r is · 1Dlependent of the :nature ot the gas aDa MOI't=e 

•1:le.htl.J 011 t ta presf!lJ.t'e. They deYeloped a theocy postulated on 1he eeccnda:ey 

electron resonsnoe meohtmiem. which was soaewhat different :l.n ita aatbemat1cal 

formulation from tbat of Danteleson ( 1943 ), b~t 1 t predicte a. out,o:t'f law 

dlatiDS cut-off treqwulcy and electrode eepe:ftltion. &toh BDI1 Vl1U1eme 
. . ' . . . ' . . . i . 

(195,, 1954) meuured uoing into:mal electrodes the breakdown +tel4 strength 

in air and hydrogen at preeeure• of the order ot ·1 m.toron ot ns and e:mi ttDs 
1 ' ' • ' • ' \ 

tzequencie• va:eying from 25 to 90 lt:/seo. By euddenl¥ &PP,]¥:1ng a. bigh wltoge 
·, ': 

a:D:t then lowering 1 t elow~ sn upper breakdoml curve hae been observed which wa. 
' . . ·~ ' ' ' . ' , 

then . ocmbin~ to the normal lower · breakdO\'ill · c~e. Out: aide tblo cloaed ~urve, 
' . ~ '" 

no dieoh~ge could be etarte~ •. · '1'he7 extended their \'I"O:rk ( 1958) by developing 
. -

a theor.r aee1.1111ng higher Qrdor J:Mdcs beside' the co~ntional halt cycle OM• 

'lbe pbenomena hM been explained asal.~Di.ns th~ procees· ot bunchi~ the electrons 

in the multipaoting d1Geharge oth~l'Wlse known aa aecondary electron resoll6nQe 

diecbarae by .. Miller .tint~ Willtame (1962), Peaohke (1961) and Hatch (1961 ). 

!holJBb a conaietent :theo:ry .. ot the Pf3bkaena of eeoo!ldary electron resonatJCe 
- f'-"' .... -. ' . ' -~ . . . 

ha8 been developed by Gill and ·voz:a Engel (1948) it' is worth while to inveetige.te 

.,__, at t~e ooftBequeZM* at the theo:EY with regard to ~ation of the starting 

"ml~ ua1Dg external electrodes am the cut-:-ott treq~~Y with the length ot 

tbe lieclW-se . tuba. 

: fbe f):t'fect of euper!mpoetng an external field Upon tbla type of dtAcberge 

... ~-Sated by Koae•l end Krebs (1954) thou&b no quantita~ve esplaae.tion 
·, '- -

of .the obsened resul t8 wae prov:laed.. It bee been :toUDd. that euper1mpos1ng a 
" . ' .:. 

ct-_o. electric tield pa~llel to h1€)l. frequency electric field, aterting can be 
' 

a.a.da more difficult~ A lllmll etstic ~etic field perpendieular to the b1gb 
• J • - • ' • ' 

treq~m~ eleomc fiel4 causee a seneral1mrease of atarting ,Otent1al 8l'!d. a 
' ' ' ' 

lower-ina of the ·cut-off frequency witbout.~hnnsinB the naturtt. of (·E- '?\ ) 
'· . ' . 

aU:Ve, where E ia the starting potential end ?\ 1.8 the w~l0ngth ot the 
' . . ' 
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illdepen:tent of trequancy. and for ve~. lOw preesure ( 10_,•• Hg. ) the 41ooharp 

can be put out either bJim:roaaing the electric field or decreasing the 

mngnetic field. Deb anrS Gomami ( 1964) made a theo;retical approach to t.bt 

phenomena when a ateady magnetic field 1e p~d perpeDC!ioulBr to high 

trequemy electr1c field. 

Ifo aystellatio observation of. the brealcd~ of geeee controlled by 

eecondary electron emission in a high frequency electric field ill preaeme 

of im external d.o. ·ma~tic field· has ao far b"en un.ctertak~n., The ob3eot of 
. ' 

magnetic field on thiB. tw.Pe ot breakdown w1 tb regal'd to sta.rting tield and the 

cut-ott r.requoncy. The theory ot the previous wo:dcers baa to bet modified due 

to etfecta. produoed by the introduction ot the magne~ic_ field and it ia 

prea\Ded tha11 these inveetiga t101'19 mey tllrc1N eome light on the mecbani~m ot 

•~h· dieohargee. 

~ ; . 
E X P l:~ .R I M E N 'J! ·A li A R R A N G E M E B T. 

The breakdarn potential of the gao baa been detemined 1n the earae we¥ ae 

h8llJ been dorte by 0111 and Von. Engel (1948)~.: !be source ot rad1otl'equency. . ' ~ . - . ' . 

ele~tr1o fteld :I.e _B. tuned plate tuned grid oec:t.llatQr cover1Dg the trequeDey 

:range of 4 11c/ oeo., to 30 tt;/aeo ~it three atase•.• The out put ot the 
' ' ' . \• ' . ' .. \ 

oscillator which can be var:Led fi.a.. 0 to 500. wlta ha8 been measured by a 

Y8CUUI tube voltmeterJ measuremen:ta ot the breakdown voltnge at the h1S}1eat 

~quency &ia, is ~1 ted ~,y· the ~tldi~trequency volt~. output ·o~ the 
' ' • • . .., • • ·~ ' • l 

. . 

o801lla tor. The cylindrtCal d1echarge tubes msde ot pyre;z: gla8s arct· · 
. :,, . . 

proper]¥ cleaMd Btld 8vacuated to 10~ ~·:: ·ot Ilg., bY. en o:Ll 41:ffue1oa P\IIP.~ 
• . • • ·,\,, ' •• • • •• J. 

,!', ' .. 
fl!be e:xte:mal electrodes· which are· perpf!B11cubr to ~e a:xia of 'the d1aohe.rge 

tubes ar.e connected to the radiotrecauenoy eo~e. Meaelirementa have been 
' .. ·. '. ' . 



I 
I 

I 
" r 

•I 149. a-

each tube 1e '• 5 oa. ) to atutt¥ the eftec~ .ot the length ot the discharge tube 

on the value ot b:re6lcdovm potential aa wen aa_ on the cut-ott trequency. 

Deeides pure and dr7 atr, hydrogen prepared by the electrol\VIJ:I.s o~ bari1D 

hydroxide solution Olkl dried by phoephorotlllptmto:xide haTe been uoe4 88 the 

dielettr.iQ meclta •. _ No special. attempt for the purification of the saaea hae been 

aade 48 'trace• oi' :J.mpur1 ty . Md nature of the gas media have pl"llCtioally 130 

ettect upon this tJpe of diechurge. All the meotJurementll have been made at a 
w . . . 

preeeure ot 1. 5 111cron of merour.y ~ch hae been meuured by on E4we.nt 

penning pira.ni vaoUl.ID gauge. The ~~~~magnetic :f'1e·ld h6a -been pl'Ovided 

by an elec·trcmB(9'18t having flat pole pieces of face area 7.,5 ca ·x 4·5· 011 
' . . 

placed at right anglee to the length- o:t the tube. The esp;riment With tramtveree 

atesdJr IDO@letic field hn8 l>Hn pertomed wi tb ·the tub9 of 5 em. le~tb o.nlwY 

ao that tbe tube remains weilina:l.de the magnetic pole pieces to eilaure 

uni:fom magnetic· tie ld which hae been meaaured. by a calibrated fl'U:IZ!l$te:r. 

Except tho external electrodes and tbe.dischar~ tube the D,J9tem baa been 

prope~ly gt'Ol.1r'M1ed~· AS the voltage is gradually 1ncre~ed a :taint glow appeara 
. . 

at tb9 breakdom .Point and simultaneous~ there 1e alight drOp in "the 

output voltage at the 'V'&eU\IIl tUbe voltmeter. tia drop 1n vo~tage is lese 

and loBs IB8l'ked q the out~ff, frequency •· ie · approached~ 

RESUL~S ABD DlSOUSSIOL 

PAl«~ .(a) '!fJW .P.RESSUHE llRE-t\KtOW~ . IN A UIIIEU.~ HIGH Fr'IEQUEUOY EiiEO'rRIO FIELD • 

. To start with, atar'ting potent1ale have been meaoured in air· ODd ey~rogen 

1n a -'aiecho.rge tube of length 15 em to -mrt:f'.i the argtlllent that seoomazw 

electron rescnenoe ie independent of the· nature of tho #!JlS• The solid Ctn'V'e 

1n f~8·2 5 represents the results in case of a~r tmcl the oil'clee on :l.t_ are the 
. ' 
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ind1catee that the t"jpe of breakdown obaerve4 111 the preaent exper1mental 
1)'1, 

•etup 1e 1$lopendent of the nature of the ~ and ie controlll d by eeoonctar:y 

electron reuonance. Starting potentials have been measured in tbreo d1ecbarp 

tubes of length ~., 7 em and 15 em end tbe ~sulte have been plotted in t1gel6. 

lt ia observed that the breakdown voltage 18 higher in tubes of ehorter 

length& and the OUt-off W&Ve length imreaaea With the leneth of the d18Char&l 

tube. Measurements towarde the shorter waye length region could not bl talcen . . 

due to the 11mttat1on in the output power of the radiofrequenoy oooillator. 

It is evident that the ounea are ldenttcal with ~hose obtaimd by previoua 

workera with i:he sharp cut-off towards tbe higher wavelength aide. 

!be qualitative description ot ucoDdmzy electron resonance breakdown 

JHChan1~m hee been preoonted by nom.,J.e.eon (194:5 ), G1U end Von Engel (1948), 

Hatlth aDd W1ll1ara (1953,· ·1954) am others almost in en iclentioal Wt\T• At the 

etert of a halt cycle tratie1t period, it is aesued that the eleotl'ODa 1eBYe 

the em1 ttlrig surface w1 th energtee of the order of S eve'·. At the end ot the 

trana11 period moet o:f' th8ee electrorw arrive at the oppos1 te · end wall w1 tb 

eaerg1e~ oi' thejorder ot 50 to 500 eY• The cyclic repeJtton of tbie proceea ta 

referred to as reeoname in ~ VP'I ot dieobar~. '10 proceec:f witb a.-
. ' ' : ' \ ' 

mathematical formulation o:t the process involved 1n the meohlmilm, .a 

ttmar.uenteJ. aes~tiom ··are noceaeary, though the extent to which ~ ot 
,/ J 

theee aesmptio~. ·o011perumte m; aD tmctetermtned manner the other prooeaeee 
·,· ! 

. • '"y I 

ocouring 1& not -rery clear. In l>rder th~t tbie mechen:1am be operative it ·1• 
. ;. .· . . \ 

neceeaa1"3' to US~ thnt the elftr0D10 M8D free path ant! WaVelength o-t, the 
. . . I ' 

applied high :t'requencyft.eld a:re ~th large compared to the electrode Mp83.'at1on 
. ~- \ 

and both- thoee um.aptt.ozw are valid in the preeent expenmentol eetup. lror 
. .·· . . . \ 

mathematical simplicity it ia convenient to ••\Ill& that all eleotro:na have 
. ...., . ·. ' 

half. oycl.e trene1 t times, '61oUSh eccording to Hatch. elld Wtruema ( 1954) 
:,_/ 

. r..-·'- . 

tlliif ua,.pt1on 18 not an accurate representation o~ aaoomery emission 



ch.a:r.e.cteristica but is very ueetulin gettins a smple formulation ot the 

problem ru¥1 leeds to good cor:rela;tion between theory tmd obaervet1on • .'Furt..TrJ.er 

the seconde..ry ~lectron emission veloci tice are OOl'mt\l to the em •urtacee and 

the electric field be'b':et'ln t.."la el.ectl"'iles ie unifom 1ft space. Spooe oharge 

ei"tecte are :twgligible Ead it 1a aesuood thnt the eleotron ar.dvsl energi..ea 

exceed tho ionisation potontial of the ~;au, e.ni1 that a tew electrons are 

produaed rW'tdom~ between the {!1ectro4ea by nat1 .. rr&l prooeese>a. 

&\sed on these aastnptions Gill and Von Bn.~el ( 1949) deduced that the 

b~akdown .field E ie given by 

E 
wi. d - IT l9o w 

whera W ia the sngular frequency o£ th~ applied :radiofrequency lleld and ¢ ie 

the pbooe angle of the· emt tted scconda17 electron with reapac·t to the elecil'ie 

field, d the len~~ ot the discharge tube and 190 the in1 titl]. velo.;f.:ity of 

the electron. 'lhe velociey o:r the electron when it sli.Icae the opposite end 

1e given by 

••• (6.2) 

if it 1s &BtJtDCd, as hc..JS been clone by- Gill atld Von Ene;el {1946) that 3L a x, 
I v 

0 

a constant thetl 

K-1 

E 
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k+j .If.~ <P +.2 ~ q,. 
k-1 

Gill and ~- JI~Jgel anal~Y'Md their' datta ue1ng equa:bioM {6.3) em. (6.4) BQd 
' ~ ' ' 

taldng p .. a ,.p.e.r. Pbllow:tng He. toll ~ W11Uau ( 1954) the· eleotl'OD 

urtval. eners.v oan be ·exprefl&ed na 

E _. j__ 'YY\ 'U''l- "· ~;~ E' ·~ -€.-:C.fY~ad ~ -!0J. 
2 ' ' 

... (6.5) 

Froal eqWlti.on ( 6" 5 ) 't:t. can be eeen that tor f:l.xed valuea ot " ·{....) "· lllMl· " j ", . 

E becomes td1l.i!AaD :tor tm mextm~· ftlue of~ • Maxhaeins cf wl th respect to 
) .; 1 • ' ' ' . ·.tJ,..' 

¢ 61-ms the contil t1o:n 

-~) ·-rr 

' ' ' 

.,treiDg eqW..~UOn. (G.,),. (6.4), '(6.5), (6.6) aD1 telting.the val~ of E • 3, . ' . . ~ . . . . . . . . \' 
.-

Hatch •- WiUtsa f1 tted tbe1r observation and obtained the value ot . 

-~: They o'btMDed the.· liraear portion of the .curve 
I' • . ' 

Where electric fie14 nmaino almoet ooilsta.nt. by aaelJfting a 'tu.ea -PJ.rticular 

'ele~tron $rrlval'ene!"Q' .£' t:>wbioh 1n their 'case m 60 e.v.(~~ ~j. wa:/ f!l;_ : 

'coltpaneon, DMneleaon (194,) ·-~~d· x:. cC ·'-.·~· uo' = b_ tit.h· ~~:.c\); qo." 
a· 

and tol.tlld € = · 8 o e.v. .' •· tr~.tU and Von· ~1 (1948) f<rum,. bf fitting 
' \ 

·.' 

thtir equations to ,duta f'or external. eleo'trodee 'at e. .sepeTa.t1,on ot 3 -.~ that 
, .. ' . - ' '• ' .·' . ' ' ' '. . . '·.,' . ' 

for K. • 4t € = · q o e. u . and. out-ott ocelired ··at an eaoapo l1m1 tiug ftlue 
' ' · •. , ·• l ·. . • ' ' 

of cp • ~o ~ h1r val~e of X. o:t ·tho o%'4er. of 3. to 4 · ~· electron arrival. 
' • • • ' • -~' ,. • • : ~' ~ • 1.. • 
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eJ»ret•• of the order of 60 to 90 e.v. ar. ccmpaUable with kno1m •cond&r~ 

eleotron em1es1on energiee am yield. 

Following Hatch 8l1d '-'1111.., let ua ue\1!18 X •' then p -=2(1rCv.>¢+S~<P) 
couequently equation~~ (6.3o) aD4 (6~4) oan now be fitted to tbll experlaeatal 

o\IZ'ft (f1g. l.. 6 ). s.e pointa are cboeen in each curve and the calculated 

Yaluee of oorreepomtnc cp are ma:dced therett). '1be value• ot cp ., o'bta!De4 

are mt auch different from the value• obtained by previoua workere 1A aU ~ 

1be cut-otf oocura becaWM at lower trequencd.ee • elect!'Oilauet leue 
w 

the .U 111 more negative phuea in order th· · t they take half a cycle to 

;r&Yel the length o:t the tube. F.or nepti'Ye value• o:t <:P , the field, mUl 

it reveraee, Will oppoae the- motion of electrons 1D Z ct1reot1on aloD& b azSM1 

RJ• ftlelr 1D:I.Ual velocity takes thea a lJ.tt.le diatance agB1nat 'Uds fol'Oet 

and then they tum baak, accelerating toworda Z • o, tmtil the rtn'U'aal ot b· 

field cteceleJ•atee them and turns thea final~ 1n the proper direotion. !be 

la.rgeet pemteetble value of· ( - cf::> ) ia that which Juat retu:me the 

eleotrona to 1be wall and hence the second t\ll'lliftg poiat ta ~~ = o at Z = o 

In 1110re uegative vnluea ot cP , the eeoond ~ point te tbeoretio~ at 

negative valuea of Z whiob Mans thut th1! electrona al"e driven baok to 

tbe wall at a very low •peed and atick there, eo "that no ault1p11cnt1oa can 

take pl.eoe. 

~ out-ott trequeo:y teo can. be obtained ua1ng equat101'l (6.,) &D4 

-\81n8 that the arr1:val eDergy o:t electron. ia critical. i.e. eeoonda%7 

Diee:t.on ooeft1c1ent 5. • 1 lliDd using the upper b:rnekdown phase engle 

bo\Dtar.y Talut ¢co we get 

• 
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lor constant . K, 

• constant 

where the ~onetant of the relation (6.a) 1• obtsiued b7 fitting the esperimental 
.· ' . 

. oUl'ft~ Gill mlli Von Engel obtained the value ot this oonatant free general 
• • <i • 

li11liler1ty theora to be 79. HatCh am W:lllifllll tried to fit the relation (6e8) 
' < 

to :their work and thoae of Guttons(1924., 1930) and G1U end Von Enge~• _Reeul• 

of GuttoDII fitted vera wen to the CUI'Yet but that of Gill ai¥1 Von Engt,l BD1 

Hatch &M W11lt8Zil!ll ohowo divergence tram the predicted .l.Sw. For length of the 

tube ~a tor than 2 oa, the divergence 1ncT.\il.aaeD m tb increaae of length ot ttbe 

'CUbe am showe a tendcmy of inoreOJJe o£ the value ot the ooraatant. Dlia .t.e elm 
',' ' 

to e1d1Wall effect u ehoWD by Ohend:rakar ona Von E~l (1965) am Pranoie (1960) 

and 'Hatch and Willi- { 1954 ). !'rail our· obee:r:Tationa, we b!).~ aleo oalc\llatecl 

the Yaluee o:t' ct>c.o UG1J'I8 equ.~tion (6.4) am. from equ9.t1on (6.7) the valuee 

ot ' E. c-nt 
: c:~J~o ' . . . 

tor each length o:t the tube·were ... oalcula:ted~ Tbeee qwmt1t1ea _.. 
,.· 

longth 0:1 D:i.IIJletel' hlqueno7 (t,0 X cl) .. lreakdown ~ QD&le Arrival 
diacbargt of the at YOltage · llt cut· ott: energy at 

tube (ct) Diecbarge out, ott· at cutoft· ct'c.o. J. . out· ott 

••• tube !co ,poi.Dt 
.4egree E c. a-it 

ca., Vol•·· {. Ec.o ) e.T.· 
: 

. TOl't/0..-.. 

·-,, ,.5 8 12() 9.,, •• 102e·5 --5~.,, 
'· 

,. ,. ,• 

1 ,_.5 17 "119 
.. 14:., .-44.~'0 73~5 

.. 

5 ,.5 24 120 24 -46~t)O ao 
'· 

.. 

r ~. <, 
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ft!ora tba •a. 1 t Qan be etten that th' values of c::\' to are mt INCh d1.:ttermt 

ff'(Q the obae"'c.tiow. of .the previous authon. b values of. t.~-A-1: ... &lao . . -
. . 

. aligl\t~ tU.ttf.!nnt than • experintent~ 'YBlue of er»r®' ot ao e.v. for eeccad&'f7 

em1Bston coei'fio1ent ~ • 1. ft.t'tlnl$ equation (6.8) to e2Pftrimental reeut.t• 

tbe value of 'the cODBtant 1e tot.Wd to be ~ 120 tor tll1 1iW tb:ree lengtb.so:t the 

tube •. !hie filue, ~-IIJDh h18ber than the v&l.ue P"d1oted b1 Gill and: Von 

E~l ia ;et mt mUC3h -.,QIIIOn aa can be aen tram 1:be · "tJOrke of llatA:th 8ZJ!4. 

W.S.ll11!1118 Wbel'e for tube length ot 4 Ollt, tbe !"eeult ehclWs the Y8l.Wt ot tbe 

o~utant 0. 120. In ow exper:iment the lengths al"f.. muab higher tban the length 

ot the tube a taken by _Hatch ·an4 W:i.lU.eme, but- ccxapanble wi tb eome ot tbe 
. (l<f24) 

obserra:tion tube le!J8tha taken by Gutton End Gutton ('1930) .. ant Gill &DC! 

. Vpn Fngel~ lD.#g!·. (27) the out-o:tf lair g:l.ven by equation (6.8) 1a 
," 1 - • ' • 

r.preMnted tor the val,ua~ot :the· oODBtent 79 t!a:d ·120. _by aol:1d c;urve _and clotted 

lSM respective~ and alec the pointe o:t 'the dtfterent Obeel'YatlolJ8 maO 

pnwioue]¥ dons w1 th our obaervat:f.oJlB• It is totmd that for lC'~r leDgtb ot 

tb0 tube;: equation ('-S) fits in a better wo.y with the obeet'f'atioM tt we tab 
, ,.r.. . 

the value ot ·the ooutant to be 120• Whereas tor ~~~&ller lensth• the YBlue 19 
' . .. ' 

18 more :re•ol'l6ble :'{ ~ reQSQn t'or t. ~reaae of. e:xper1msnta1 ( :f co. )( d ) va.\u.Q. 

:~rca the 'val• oi ~- ~om;tsnt 19 •• aec:nlJe4:.b¥ H&toh am "AW.au (1954) 
. . . 

bano1a ( 1960 )« Obandr~ & Von Engel ( 1965) and Gi.U. & · Vozi Engel (1948) 
' . 

to· 'the f'act that at tb\) lar&er aeperat:t.cno 'the loes ot. eleotNn to the e1«e wall 

iac:Mue• and ~os:t Ukel¥ ·thia loas mn ·.be raore et:tee.ttw tor -ller .dialeter 

o~ ·b tube~:· ChaDd~ .aDl Von Engel (1~65) n~ent17 'te~ted th1e. &aelJDPti<Xl 

in their low pretteUr. X'ing diecharg•· exper-mont~- At· targer aeparatio~j, 1be 

41eto~~n ot eleo~-· ·field m&W a~ be reoponstble. for preYrAn1iing soma o't the 

•leotmDe fJtal ~··part in tuti·ba1fcyc3lf ·.o:t -tM·-~tt am bence ·tia·loaa 
. , ' '· ·" . ~ . ' ' ': ' ... ~ . . . . ' ' ' . . ' .. 

:.,, . 
•. . . 

\ 

.l: !!, \' 
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b breekdown Toltap·at outo:t.t' Vc 0 • .,_. writ1en by el.DiMting w 
. ·em, 

be1.ween (6.·50) and 96•5) end ueil1g the rela.t~ 

E - """- '1 n ']...~· ' 
c'J'l.t - . "' vI L. 

u · . [ K+1 . 4. · J V = E I - ( K-1 )'2- Ec.-ri-\: "1<=1 'IT £:6-.,. co .+ .2 -s~ cp(t) 
C. 0 C.o • Gf - \: k ~ · 

,, . ' . ' . 2 e . Len 4>co . 

b relstion (6.9) ebowe that it 1e il1dependent of the wall eeperat1on aDi 

applle4 fretl~l'JC1• !hie faot may help in. atud,yinB the effect of e~ctrodo 

pomet.ri on the lleoha!d.•· Batoh 8D'l W1ll1.a essuaed 4h !lnd E ao eoutsnt 

when relation (6~9) become•• 

••• (6.10) 

when 'O' 1a a oonatent the Talue ot Wb1oh :la obtained by fitting with e:q>eduntal 

data. lA table II the val.Uee ot Vto·Obtaimd experiaen~, Ec.-ri.\. obtained 

irtlll teble (I) &l'e gi'Yen for the three le~"tbs ot the tube 
~ ' 

1! A 1l L oE • II. 

length ot the tube (4) era. Jtreekdown wltogtj liler&V ot arr.l:nl 0 
at cut-ott Ec.o at cutoft( c c:.."J{t. ) Vo111e/w. 
Yolta/••. . ••;"•. 

15 g., 102.$ 1.36 

1 14., ,., ,.,6 
,, 5 24 ae '·'' ., 

'lhe table cl9orl¥ 8bowa that the vall. o't 'O' :l.B a conataat u lJMdicted 'Y' 
> • 

rel~tion (6.10) and when Ec.-v\1. ia e:xpresee4 ill e.T •. end Vc.o 1n volt, tbe 

value ot •c• 1• 1.,6. 
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It can thU8 be etateci that the theory of Gill and Yon ~1 t1 te 1n w1 tb 

:ta.ir amount of sucoeas to our diffor·ent obs{):wfJ.tione. !he yield of valuer; of 

different Ul21aloWn p~etere involved in the 't!iSOl'Jl for the process of ti tt1Dg 

.ehoWe a tair amount of eolll!intemy emong themselves for different J.engthe ot tbl 

tube and when compared to the valuee obWned by previoua wo:r.bra •. 

PAnT (b ) WIJ l'!IDS:.:UU,d!i BilBJ\KDOViU lr.l A UNI1"Dfird HIGH FI&"QUEl~OY ELBCTP.IC FIELD 

WI~i A UNIFORM TRANSVEltSE :D.C. MAG.NE~IC !>1IELD. 

i'he eqoot:lon of motion of a eecondary electron in pressme o:t a tra.neveras 

atead.J mcgnet1e .field and t.D!er the action of/the oscillatorJ field 
-.:;.. . 
E:x: = E ~ (wk + <:P) 

W 1n + QE ~ (w-l+ c\'>) 
- H v (t "YYl 

where wH ., <2 11 • oyolotl'On frequency. ,..., 
!'rom (6.11) d 2- \9;( - - w: \9~ + ewE · 

. dt~ ryn 

Lo-a (_wk+ ~) 

••• (6.11) 

'lhe solution of t..lw complementu:ey tmction d'l..~ 

clt2 + w~ \Sl?l = o 

1a -= A Gn ( wH-\:) + B.,~ (w\-\t) 

Where A am B aN two ·cOOiiftcnte to be detemimd frOm the bounda:cy" comi tione'! 

1M particule.r :l.ntegr3l 

has the solution 

where A • :I.e another oonatm1t . 

ewE 
0'¥'1 

Putting tbie val~ o~ \.9-:c. to equation (6-, 12) 

-A' w'- UY.l l w-\: + c:P) + w ~ A' C£Y.> (w-\: + ~) -

••• (~12) 

L<Yc> (w\: + ¢) 
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A 
I . ew.E 

Bence the CtDPlete $0lution te . ' ' .. 

~ 'bolDtal'l' conu t1on.GJ a..vre· . 
. \9:1:.. . = \90} \.9 0 = 0 ) . :X =·(1 = 0 O..t t :: 0 . 

Now · 

d\Jia = w\-\ \.9x_ :::: A WH Co? (_ W~ort) +a WH s~ ((.)~t) + eE ~WI;! <e-.,( G.)\:+¢) 
dt ~ (w~- w~) 

mre C ·1• a oonatarlt aDd Le \: r ~ (w~ - w:z.) .;, Patt:l.DI the value Of iJ
0 

m. equation ~(6~11) • get 0. 0 · 

.-~ ·::f.''--
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ot ! in equationa (6 •. 14) aBi (6.15) and tald.ns tbe resultu.t wlocity 

lJ'L~ \9
0

2- + 2 (1 + ~ 4 -rr)[- tYo weE U>., c:p +) eEw C&.,q, ( 2. 
: · · cu rmf _ l · f"'m{h J 

+teE ~~<j> rl- 2lY.eEW~~(_~-,r)~¢ 
••• (6.18) 

, .... (6.19) 

' c 
The e~ctron le etr1k1ng • other en4 with tbe ftlom11tf Ul stv•n by equstion 

~: , . 
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~ (1954) baa ehtJWti t.hat for eertein metall1o surtocee the relation 

~••en c§, e 8tld 6 (> te l&lven b7 

lo;l.~ 
u ~0 

= c.' (1- ecn e) 

the ma:d.rmD value ot S tor an angle o~ ~tdenoe e ot ~ electron 

of m3 emra.v eD:1, bo • tbc IMXSm\Jil Talue ot ~ to~ nozmal ii'»14eme of 

pr'dllartes ot the aarlf!l e'IJ£rrgy.\ After Deb and Co~J~~amt ( 1964) we sball use tbie 

s-elattoo 1A eaee ot glaas, 8~'> !lO swh relation between ~ e 8114 ~ 0 t• 

· ~le ~r glass e:KOept a few experimenta1. :resulte e>t tmreaae ot S e over 

So · •·~ ~ 'the reported result of tuo:reaae of by. 50% owr 'b o. tor e • &o-

to e ca oe in oua of S].a$8 the val,. ot the ocmatant c. became• a:pproxJ.mat.:&, 

equal to un1 'f¥,.;toneequentli 

So it can be aaid that a particle with ve1oc1~ lll.alle:r then the velooity ot 
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irrespective of the angle of emission as a function of the epeed of the 

~ , the yield oan be .represented by an equation 

2J = 1' 2. ( t( 1oo)
213 

Thie relation :t.e fitted to t.lo)e e:zperimental curve which ehowe t.lrot the :t'itti%lg 

breakdown, the primar;y el¥!rgiee lia well within th:La limit. Hence we een utiliee 

thie relation between a and E • 

1st E.e.ff be the effective energy of tho particle which Will yield the fl!lllle 

Eo will yield bitting at an engle e , we have. then Eeff ) Eo 1 the ratio 

i ye.sulh t iltec:t 
of yield from M\l!tU~r'e~equation oan then be mi.tten e.s 

~e ~ G~: )21
" ~ ~~ =- =f (1- c,.e) 

-bo 

If '\9,z.Jf • velocity of the primnry correepom1ng to e'IJIJrg f.e 

\.9 • voloci ty or pr.tm~ corresponding to E. o 

then. 

( )
413 \9\¥ 

Consequently we coo etn·te th;1t the effect of httting the strrtace with velooi v 

19- at an tmgle e 1e equivalent to b1.tt1~; the r;urfaoe with~lociw"U'i- at 

normal inc1denoe where '\.9 em \..9e.j} are related by the above equation-, lienee 
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to accomt for . the_ effect of 1li tt1ng :the aurtece_ ob11que]J, U we replace \.51 bJ 

19eu\.e.xt,- l(1-Ctn,e)} :ll1 equation (6.19·). We get the relation, 

't9 2- ( 1 _ J_ ) . ::: 2 (1 + ~ w~ 1f) [ · '\9 91- w e. ~ €:C.J> \. -1, (1 -. ~ £)) j 
~ff k?- . w L I K"rh 0 . 

+leE e:fif~~ e)j w ""4>r+ teE e<t\'lt<:tl}w"~~ n 
_ ;z v4-ff e E" €;(_r t -t (1- ((n e. )5_ wH ~ q, .s-:. c ~ 1T) 
., ,. . . \<rn,(3 -

~··(6.20) 

Proal equntion (6.20) •• t1113 that intmduoitlg .'tJ.._Sf :l.n plaee o~ v cbrma•• the 

ftl.ue o:r E to. E e.-:crt -tCi- C<n e)J • In other word• thr;f•:tfeot of hitting 

oblique~ at the aur;o.taoe can well be _repreoentll!d by replacinB E by 

· Deb and Ooswamt' ( 1964) 1nd1cated that the · #JtDeral solution of equation (6.20) · 

1n a1mp11tiect tra~a 1e unobta1Dabte. ~r large ·mesne tic fieldt ~Vel", a 

e1mpl1fie4 uesption I'Jii'$ be taken, · ae was done b,y ~b and GoSwemi ( 1964) that 

s . ' . 
. ~ 88 integer•: 'l'he aW!Iti:t.lcatj.OlL Of tbie US1Dption IISfl.y be IJOught :l.n the fact 

that the :traotion of/the phaGe that :la not cona1dered 1D tb1e. app:roXS..Uon 
. ' 

. . t 
Occu,piea ~ t tle portion ot)the bali cyole of tranai t 1 •.•• · the di~e beween 

the end wall and poet tion of electron,. when :f. t b8$ executed a ntaber of ccmpleta 

zrevolutions due to cyclotron rotation, is· aall :ln. both pos:l. tive Slid· negat1V* 

eides ot the wall_ •.. 
. ~ 
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., ,. 

App~ tb:l.o eset~nptlon to equation (6.20) we set 

\9~ (_i- ~.) = 4 [- \9-diweE·;~~(l- CooeJl +l"F &m~p:eJJ "'Cco4f 

+ l eE ~it~-~o)jw»S.:.4>rJ 

X== -
.2€E ~cp 

~r 

.::ze E wH Co.-a <:P 
IYr\ wr. 

The eque.re of the resultant · diepl.'ltCemnnt 

']) ,_ = X 'L + a.,_ "' ( 2 e£ I""~" Jt.J: ~q, + s;.. ')_ <P 1 

+. 4J 
' 

••• (6.20o) 

~ .._ l 'I'L 

·~··(6.21) 

~ calculate the :resultra.nt dil3p1Boowent when the electron strikes the 

oppoeite end, the val~ t}f the (J- ocnponent of displooement st !. = "Tf/w 
has been oalcula:ted from equation (6~ 20c) and the i"eaul te are en~ red in the . . . :- ., 

last eolunn of t.be table III i'Ol' different val.uea of the ~tio field .•. 1'bt 
. . L . i . I 

resultant d1splacemt::-nt is ( -x. · + a 2- .) '' at k: =- IT c.u -~~ .. U$1ng the 

(J- diapl.ooement and taking~ e 5 en!4i· the resultant d1a3placement <£or~ 
' . 

ani !ilf.Ud.l!U.a Valoos of tM m.egmtie field•< "D", ~e2 b~·tween 5,,297 em an4 

5e702 Cftlll, end the length ·of the tUbe is 5 c~ . Qomequctl~ly es a fimt 
j ' ·, ' • 

' ' . 

l.fJDgth of the tubtJ~: llak!rig ·th!·e asmmption ~ntrodUoing 1:'00 effeot .ot 
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d . 'YY1 . ( W i - W 'l.J · W , -- e x.F i ~ (1- Coo e)] 
;z.e.E ~H 

~ (i- Lo-ve) (i 

d.'M. ( wH'-- w'~--). cu 

2Q E ~H 

We hsve ege.in 
' 

Putting this value o:t (.en e :1n equation (6.23) 

d . 'h1 · l W H'l-- W 'l-) W 

2-ec: 9? 
tt 

••• (6.2.3) 

.••• (6.24) 
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OeDMq•nt~, fJ.'CII equatioza (6• 24 )1 tor dttterent ftlue• ot /\ 1-1 , . w H ad 
. ~ 

w , the value ot S..: cp ie obt8:1Ded.. ~· equation (6. 24) S.a q\N~tlo 

1D ~ cp ao the phue .ugle veluee are oboaen depending upon the portion ot 

the C\ll"ft ll'lrler coua1deration.. In ts.s. ( 'l.9 .> nper!aental curne tor aepUo 

t1el4 Yal.uea o~ 18 gause, 21 e;ams,. · 30 gauae and 45 ~-· are given upto tbe 

blgheat range ct :trequemy at which the mea~urementa ~ Uaitect b7 the r.t. 

'YOlta&e JJmttetion otf'tb.e present experimental &etup. Iu each c\IIW ease 
Cl'Te. 

pointe are cboHn and tM values ot 4> :hom eqWltion (6. 24) le obtained tor 

each point. 

b Umitat1on. ot r ... f. out put wlt!l.88 watr1cted ua 1D obtaining the 

almost· Unear portion to .cut-oft po;Lnt on]3 but DOt the. other end of 1be 

c~•· Heme thro\IBbOut our discUI!Ieion, we have confined our diliiCMsS.on. an4 

t1 ttirlge to 'the linear portion ot the ounee where emr&r ill alll'loet aonatant 

u . shown b7 Hatch and W1111eu ( 1954 l•: 
. PJ:oem equation (6. m.:) tak1rlg b &eNDption ( ~~+ )rr =- 2 'h-IT ( n = ', z., 3 .e.k) 

we ~(_\ _ _L) = L, 1-19 e E w~<l> +5 eEw Ct>o4 (~) eEwHS.:.<t> \
21 

13 
. K2- . [ K rm~ ~ rm (D j \ rm (b ·) 

ex 7- l ·it . e E w ~ q, 1-( __~:!_ )[(: eE )'-( w'- u.,'- 4> + w.;- S.:,.'-4>~ = o 
u + " L 1- ~l- \<-~f.' \1- ~2. . rrryc . . 

This equation :111 eolve4 tor '\.9 .. other quant1t1ea are Jmowu.. '1'be emr&'f ot 
arrival 1e then calDulated and uetng the relation 

f .e<f/ '1:. ~ :=\' \ l lH..-.e)) . . 

the ,.&lue• of t:-e.jf tor the o~ft pos.Dte ot e11113h valt~t of tbe magnetic t.t•l4 

hawe been obtainedtt bae valuee B!'e ahOWD in 'table III. 
' . "\ . . 
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{- cp~o) u -8 
J • ~· ' .. :-

H t~c, · Ec..o c.oXIO E c <C Icmor (!-

oauea ·•I• Volt/em degree cm/eeo _orig1nal effective critical raiiiue 4Upla-

•••• •••• trca ctment 
table•I tl'Ca 

' CM-\. equ. 
(6.~) 

" . ' 

19 '22 38 62 .. , 52 88.4 1.,27 1.15 

21 21 .. 52 3·51 ,5.85 86.04 ·9445 2.228 
sa 

30 '~·' 54 5e ,., 27.04 "·'' .5?41 2.601 
' 

45 16.5 ?6 ,. '·84 6.52 ,a.oa .2272 2.?41 

I 

""- the table I.II, 1 t :la eeen that the ·· Tal.Uile of E. or18lal 1e much -Uer 

tbfm the ori tical valu. ot E. ror 2J • 1 and the ftlue ot E(. -n.t oBlculatecl 

rrom the oUt-Oft pobt ot the cum ot H • ~· :Btlt the value of tefteotive tor· 

H upto· ;o gaw;a :La near or equal to tc:.-n.t. · tor 8 • o, though the "t&lue ~ 

grs4\al decrease ea u la ~reeud. 1he dmatlon 1e :not raarkable Upto 

U • 30 gauee, but tor H • 45 puee, the value ot E.ettective te aoob Maller 

than the E c.itJ. • !he reaeon of tb1o deYiation :I.e due to cUfferent approxt.Uou 

aade :l.n oaloule.ti.ng ¢ 8lld t9 :t.rom comparison with the experimental :reeulte. 

It 1• 'ntdent fl'CCI tbo reeu1te that these appro~tiona do DOt auch effect tlw 

reeultsfor aallll~tic field, but for higb magnetic field the different w~ 

aegl$oted :1.n obta1tt.l.ng equation (6,,21) and (6~,20&) mo41fte4 the values ot <P .-.~ · 

\9 to a large extent ana ool'Jileqtently the deViation oi' the val.uee of' the 

c1:1.f:ferent pa.t'8118Ur8!t- Ibveverj: coWJ1derlng the l:lm1tstionso:t our theory ill, 

exp18.1.ning the meohani• ot tblt discharge OJt4 ·tho expel'imental :reeulte by 
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t'be proceee of .f.l.ttil'la it csn be enid that tbt agreur:.ant :I.e ta1Jt3¥ sooa at 

least for .oderate valuee ot· the magnetic field. 'l'h1e 'tre8tllent aleo abowa 
s 

tbat tbe uobani• o:t HOomary electron resonazx:o u t'till operative U1 

original ... u. the o.S. of the ·bi'G:Jakdown ·ot tbe B?At when the aagnetio 

field 1a also · preeent~ It 1a al8o expected that 1t the ortginal eoluUona ot 

e,quat1on. of motion ot litleQtron could be obtained, much better ti ttina of tM 

esperimGntal reaulte and coneequen~ more reaono.ble values of tba perseten 

coul4·be obtaine4~ 

~ valuee ot. the tumor :rOtuW!f end thoae o't 'J- d:lsplacem.ent a" f= lT/w 

h!ml· been DQUrl.oal~ calculated. tor _41t.terent values of the ugnetic fiel4 

and.' ente:rod in tM Din- and teftth coluan. ot table III reepect,vell'•, 'lbe 

(1- diepl8cemant when the electrons %'080h the oppoaite end tor efJCb o"l the 

v&luee of the .ll'.lQgfMttiC field ia f!lllaller than tbe di~ter ot the dieohertSe 
' ' . ' 

tuJ.)e ( ,_, ••)t: the Lamor radlue in f!SOh cue 1.8 muob -.ller tbam :the 
-., \ 

radil.W ot "the tUbe tor ener81cs ot elactrou bi~ •nousb to ca-. breakdown 

am ~the ·aD.jol'i t7 ot, ·:;~~ wbich are octual]J reaponaible for 't'he contin,_.. 
. . ( . l . 

o:t the eecoDlery electron reaoWJ~JCe b~okdom t1nd •Ple tree apace dur.tng 

the~· trana1t between ·the em wa.l.lJJ 8DIS ~ DOt lost due . to ool11e1on ws. tb 
I 

the eide wan.. 

: It 1e further ob•nett' - · tftble III thli~ an lllp1:r.tca1 relaticD 

.. tween H, :fc.o end E.c.o cante ob!ta1Dttd ~ tbe experillcntal eta .... !hi 

Q\Rlt:lt¥ (H· fc.o/Et.o),mere H ic espres~ed :l.npuao,, · tC.o 1D Mo/Ro 

am E c. o in 'WnlW/cli.; 1• almost a cone toot ae ~ :1n table tf .,\_ 

., '·' 



I 

!f A B 'L E • lY • 

H 
tc.o Ec.o (tHc.o/Ec.0 (-~to) e to (H fco/Ec.o) 

Gauas · ttc/eee Volte/cm. Expt. in degree 1n deBreee w.e. 

10 22 38 10.42 62 51 5.898 

21 21 44 .10.02 ., .• ·.1. .,2 66 6.7 ., 

30 19.5 54 10.a?' 59 11 6.119 

45 16.5 16 9.77 34 85 10.1 

·:;~ 

; 

To teet wb.ethe~ the theorotical analysis made above oe.n expltl1n the empil'iee.J. 

relation obserYed Wf3 obtain fr.:m equation (6.22) 

••• (6.25) 
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·: ·.. Ec.o 1M · · . .e.. . · .. · · 
Where t c.o . tb in lfC/eeQ Jl ill pu$9. end,.. VOlte/~ ·are 0XJ),I8Re Jn tab~ lY b 

.-iues ot ¢c.o anA e c..o tor ufterent ~tic ftellla a:re· gtnn. 1!ia~rto!i.1J;J 
vie ft.n4 tha-t the J'~h.a• ot eq~r.tion (6 •. ~) ta a conatant and eqUal to 10t ao 

we lfJB¥'~ 'the:t ec.o c?co ·..a Jc.o ld3uet th~lvea :1n euch' a"~ that., 
• J 

tba point ot cUt-oft' gt.~D by -q~tion (6 •. 25). the 'Yal\le Of r4.1k•• 0~ eqUltion 

~ con.tant for 8f.'J8' mSGQetic fteld •.. 'lo teat· the validity ot thie couclualon, 

thE! indiv14tal values ot · r.~s. of eq~t1on (t$. 2S) are ~ulated tor each 
. ,, --

aagnet1c field nn4 results entered in the laet collJDD of tabla IV. b table 
. '' 

·~~bow a that· the value ot _tbe oonatBl'lt cc:tDparee reasonabll' w1 th :t&ir m101mt of 
i 

Bgl'\'J•nt in the order of mBgl'd. tUlle be1Meen 1ho emp0rtoalJ¥ 4etem1ne4 YBl.~ 
' . ' . ·.... -e. Ct. c ' .· 
and the theo:tet1ca1 Yalue fit the leat co1~~\·Th~d1eor;tJ)(;nW MJ b• attributed 

to the. d1tterent appro%imatione taken enl.their validl'fq 4ur1ns tbe t..h8oret1oal 

out-oft relation 

. ; 

tc.o X H 
E C..(1 . , 

g 0 B 0, L U S I 0 s •. 

=·~ 

!he phei'JOIUI¥1. ot 1ow pressure bl'eakdomt by. eeooD4ar.y electron :m_,D81.1De 

oac1~t1oDB has been explainod 1n the 11ibt ot the theo17 put foxwenl ))y , . 

01U and Von Bngttl ant lTatch anc1 WS.llifJDo~:. !he moasure~nte w1 thOut mesne tic 

f1e14. ~ad to the oonc1U$ion tbat·all the prediottone of the theot:r ot 
. . . 

Gill .m¥1 Von F.«agel ( 1948) can 1D extetlle4 tor ..,ide ~ ot the dtmenaion · 
, .. 

o'f the diecho:rgo tube~: !fhe\tnc•• :t.n ·the Yalue of tbe · oonatant ( ~c.o )( d ) ' 

at cuMft 3uet:f.tiee to some extent ·the p~d1ote4 reQOlling ot HBtch abl:l 

W11Uama ·c 1954) en4 itupp0rtea reo~tl3 b7 the work ot Chan4ralrar tm4 'loa 
' '' 

. ....,.,<: ' . ' ' . . . . . . 

dleo~ozo&e tube :le ~se;~;, ~ 1~n~ ·ot. the . ~engtb ot the discha.l'p tu'tMt the 
'' ' . ~ . . ·. '.. . 



/ 

-· 1.10 .... 
' ' ·'· 

cOMtent #,bo:reuee which •• aleo . obeernd by prertoua worten ~or gape . 

eho:rter thNl thoee used in too present work. !be quaatitq Vto/Ec.-yl.'c 
\ ' ... 

has been to\D'l. tp l;te .. a corastant .tor: ~ the three leDgtha ot the d:t.eollarge 

· ··tube, a :reault wbioh follows ~ the theoret1call!IZUll.Ye111. 

·.The Ob&eft'atione With maanetto field anu the subsequent t!:trt:b3g Of 
~ ' 

tbtiSGI cbl;rwe.UoEUJ to our tllsoey -.el4et'S the v&luee of ths phue angle 
·' 

·. .. wh1ch are J.leaaonable. ~U&b. our pr6o8d~ boo obtained a simplified tosa 

tor the enerll:f ot arrival of the ··~ectronel ·;ret it gtvee :reeulta tor the 

etfeQtive eMr£!3 of arr.tval tor moderate ~tic field With fair eount 

of 80CurBOJe. ' 

b 'Mlid1 t.Y of the different aeet&ptione made tor '(be dedw.t1on ot the 

eimp3;1fie4 'th.eo:cy of breakdown with ma&nattc :t1eld are open ~ quest:t.OliiJ m 
. ' !,e. 

the r1ii:1.4 tbeo:retical\-DDe•,· l3ut ia VS.e\7 ot the toot tmlt M conolus1VG tbeor.J 

~the bebanour ot' the dieohsrge for the cont1nwua change o:r IDQ8Mtic 
·' 

' 
t.l.eld can be d0tJuced Wi..tbout m~ eome etmplttyiDB 88maptions 8DI1 ootW1derJ.ng 

' 
eooclUdC!d tbe.t the aemuptiona can be regar(ied ae valid 1n the l'fifJP of 

the macnet1c :t1e'ld etwUed in the preeent 1rweetigat1ol'lll~--
. ' . 1\'~,' 
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