CHAPTERwVI.

IOW PRESSURE BREAKDOWN IN OASES IN A UNIPORM HIGH
PREQUENCY ELECTRIC FIFID (a) WITHOU? MAGNCTIC FIEID
(b) WITH A STEADY TRANSVERSE WMAGHETIC - FIEIDs



“t 146 t=

INTRODUCTION.

The mecharden of byeskdown of a gae at prescures lece than a :m u:!.crm
of mercury hag been wndexr fmvestigation for some time to bring to light ite
nalnnt fcatmn. For breckdown messuremcnis some of ﬂw workers used tha
extornal electmdn and measured the peak emrtlng patenti.al and others weed
internal olectrodae. Early mestigaﬁone of bmak&am :meld atrengﬁha in
aa868 at low prewurez and high zrequency from 1 to 100 Mo/mce were earrieq!
out by Gutton and Gutton (1924, 1928), Cutton (1930) ama Kirachner (1925, 1930),
‘Their main observation was that the breskdown fleld etrength decyenses with
decrensing frequency to values as low as 10 v/cn until @ cutof? frequency is
reached wherg_é breekdown becomes @ metier of chence even at & very high
sloctric field .utmngth-; A latter inwatigation by Backmark and Bengston (1941) -
led to a theoroticsl analysis of the mechenienm by Danicleson (1943) where he
proposed that tho bmakdc;sim is camsed by the incresse of electrons by the rescnance ‘
of secondary elsctrons with the e‘.l.ectric ﬁ.eldo A few electrons present mit!.any

by natural czausas were auoelemted to ons end electrode where they pmdmed

., -secondary electmm by mpaet.' Theaa eecondaries were enitted in & revorss

‘ eleetrie ﬁ.e:ld which carried them to the oppanite eleotrode in appmximately
half & cydh to produce another gmup of eecanﬁmdea. 7‘!& gecondary cmlseion
yiom is greatear than wnity, electrons are multipneé t0 a very large qwmity
ina vpxﬁr short,duzfation and this _regulta in the brecidown of the gaa._ﬁ !l'hiq
mchgnim is called breakiown by" secondary electron resonance. G111 and |

Yon Fngol (1948) made observéﬁons .'m the fmq@emy range of 12 to 75 He/lee

and observed using emmal elec‘smdea that the peak etarting ﬂald atmngth for

high treqmmy mifom electric ﬁem at a presaure of few microns for goses
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debenmd
like Hey Hg, 32 and m is independezxt ai' tha natum of the gaa and &w

slishtly on its pmse’um. They 6eveloped e theoxy poatulated cn e secondary
electron resonsnce meehemian Whiﬂh wes gomevhat differont in its aaﬂumaucal
fornulation from that of Damgleaan (1943)y but 1% predicts a cutoff law
mg eut-eft txec_mamy and electrcde aapamtion. Hatch and wzmm

| (1953, 1954 ) measurcﬁ using intornel eleotrodos the bmaln&ewn *f-ma strength
in a;r and hydmggen at preeemn af the order of 1 miercn of Hg'amd‘mgciﬁng
froquencies varying from 25 to 90 Mo/eecs By suddenly applying e high voltage
ani then lowaring 1t slonly an upper préakdom cuﬁys has been observed which was
'then‘cmbinejd to the normel lower 'bx'éalr@own'eurve. Out-aide ﬂﬁ.s clozed gurve,
no msom%ge could be atax‘isvﬁ,_.‘_l‘ m& extended their wosk (1958) by aav;;apang
a thabx& aseuming higher order modee besides the cbnvgniic;ial half cyele ones
The Mmmena has becn expiai.md aémming the process of bmehing the electrons
in the multipasting aimharge othexwise kmown as eecondaxy electron TesOnaANce
discharge by. Miller ond Williame (1962). Paachke (1961) and Hatoh (1361 ).
_ mm@x a cones.otmt *heuxy of the nﬁhmna of gecondaxy electron resoname ‘
hos been developed by G111l end Von En.gel (1948) 1t'ie — while to mvestigate

some. of the consequences of the theory wif.h regsrd 'to va_s;iaticn of the starting
voltsge using external electrodes and the cut«‘.-o‘!i' frequeney with the length of
'muaem.gemba | R B |

'i?he effaot of superimpoamg an external ﬁ.@lﬂ upon this type of diueharge

was mmgmea by Kosasl end Krebe (1954) though no q.uantimuve explanaticn
ot thﬁ obsarvod results was pmv:meﬁ. Iy hae been fomd that aupazﬁmpoemg a
dqc. ehctric- i’ield parallel to hig,h frequency eolsotyric ﬁeld, atarﬁng can be
mda [oYe difﬁcult. A mmu atatic magnetic field perpexwieular to the high
Lrequency eleotrie field cauped 8 general 1ncreas- of ntarting potentﬁ.e:ﬂ. an@ a
Mering of the cut-off m:;uamy withau‘b ohnngin) the nature of (E-A )
uuwe, where E is the tar*ing potential am A is the w"velengm of the
appued rofe fielde At large magmtic field, at&rtﬁng potential beconcs
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independent of frequancy amd for very 1ow pressure ( 10"ms, Hge ) the ddocharge
can be put out either by incroesing the electric field or decreasing the
moguetie £1ed, Deb and Goswani (1964 ) made a theoretical approach to the
phenonena whan a steady magnetic field ie placed perpendicular to high
frequency elsctric fields | |

Ho systematic obgervation of the breakdm of games controlled by
s’ecor‘xdary electron emission in a high frequency electric fleld in presence
of én externsl dece ‘mmmg fiold hes 86 far been undertaken, The objeot of
the present mestigatién 'lis thus to study the effect 5! a traneverse d.c.
nagnetic f£ield on thi.a' Wpe of bresidown wlth regard to starting field and the
cut-of2 froquencys The theory of the previous workers hes to be modified due
to effects produced by the introduction of the magnetic field ond it is
* presumed that these investisations mey throw gome light on the mechanism of
such’ diachargess

EXP RIHPHTAI: ARRANG %Eﬂ'!."

Ths breakdorn potential of the gas has been aotemined in the same qu as
hos been done by G112 and Von ﬁngel (1948 ), The source of radiofrequency |
electric field is a tuncd plate tuned grid oacillamr cavermg tha treqmmy
range of 4 ¥o/ oec. to 30 Uo/mec in three stegess The out put of the
osciuator whﬁ.eh can be var.!.eﬂ frcn 0 %o 500 'rolta has been neas&red by a
| vacuun tube volmter; measmment- of the breakdown voltage aﬁ t.he mshut
| frequemy gnﬂ is limited by the ra&iofvequamy voltage outmrb o:f 'i;he
| ‘omilhtcr. The cyundrlcal diacharge tubes made of pymx alaas '

pmperly cleened and evacuated to 10"5

e of Hg. by en 011 d:l.ﬁ‘txsion pmp.
‘l'he external cleetrodes which are: perpemicuhr to the a::u of 'che diachm*ge
tubes are connec.ted W the radiofreauemy eource. Meagurements have been

takon in three dischavge tubes of :.en(;th 5. cn, 7em and’ 15 oz (d:lamotar of
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each tube 18 3.5 6:.) to study the effect of he 1éngth of the discharge tube
. on the value of bmakdcswn potential as wen as on the eut-ort :treqnomy.
I!eaidas pure anﬁ dry air, lwdrogen prepareu by the electm].yais of barium |
hydmnde solution and dried by phoaphommntonde have becn uted as the
dieleatrie mediae. Ho specinl attempt for the purification of the goses has been
'nade as tmea oﬁ’ :tmpm'ity and nature of the gas media have practically no
effect upon thie type of dischorge. All the meaeurementn have been mde at a
:presam of 1.5 micron of MeYCUry mcn has been meaaured by an Edwerd

penning pirani vacum gauges The steady magnotio field hes bsen provided

by an electromagnet having flat pole pieces of face area Te5 ca X 445 ca
placed at right'anglea to the length: of the tuhé.‘ The exmriinent with trsnaverso
steady magnetic £ield hes been porformsd with the tube of 5 cme length only
80 that the tude remeins well ineide the magnetic pole pleces to ensure
unifom ma@etip' field which has been meas\med_ by a calibrated Lluxmeter,
Except the externnl electrodes snd the diechorge tube the syotem hos been
properly grounded. As the voltage q.a gradtmny increased a faint glow appesys
at the breskdown point and eimultaneouély there 16 8light drop in the
output voltage at the vacuum tuve voitneter. Tﬁia' drop .‘m voltage is less
and less marked ey the out-,oﬁ\:réquamyl ie é.ppmached.. |

RESUI:TS AND DISOUSSIOY.

- PARD (@) IOW 'mzrsssuufa BREAKDOWR X8 A UGIFORM HIGH FABQUERCY EIECTRIC FIELD.

To start with, steriing pqtentialn have been measured in eir and hydrogen
in a»idiacharge tube of longth 15 em to wrify the argunent that swondary
electmn rescnence is mdepe ndent of the na%m of the gase T "’he aolid cuve
in fig.:zs raprecents f.he results in case of air end the oirclcs on 1Y are the
obsarvations with hydrogen@,: The identical nature of tlw m breakiown curves
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indicates that the type of breakdown obsexved in the preaent expérimental '
setup is &epenﬁent 'of‘the nature of the ges and is controllsd By secordary
eleotron remononces Starting potentials have been measured in threc dischaxygs
tubes 0f length Somy 7 cm and 15 cm and the results have been plotted in £1g626.
Tt 1o obscrved that the breakdown voltoge is higher in tubes of shorter
lenzthe end the cut=off wave length imreaseé with the length of the discharge
tubes Measurements towards the shorter wave length regiocn could not be token
due to- the limitation in the output power of the radiomm'nmy oscillator.
It ig evident that the curves sye identical with t}s’hoso obtained by previcus
workers with the sha:p cut=off towards the mgher wavelength side.

™e qmlitativé description of secondery electron reconance breskdown
mechenism has been precented by Denielsson (1943), 6411 and Von Pngel (1948 ).-
Hatch and Williem (19_53'.\. 1954) and others almost in en identical waye At the
stert of & half cycle transit period, it i@ assumed that the electrons leave
- the emitsing surface with energles of the order of 5 evs At the end of the
transu periad most of these elecirons arrive at the opposite end wall with
emrg!.en of thejorder of 50 t0 500 eve The oyclic tcpﬂ&tlon of this process is
raferred t0 as resvnance in th:la t.ype of dlecharge. To proceed with 2 -
nathemaﬁcal fomulation of the process involved :m the mochanim, are
ﬁmdamental assmptiom are mcounary, though the emnt to which many of
thesee aasmptions oanpaneate m an undetermined manner the other processee
occcuring is not mry clmr. In &m‘ier that this mechsnism be operative 1t 'is
necessary to aamzne that the elc%dtrontc mean free path and waﬂiength o:' the
applied hiﬁh mquency ﬂ.eld are @oth large compmd to the elescircde eramtion
and hoth thoae asoumsptions are valiﬁ in the present experdmental setup. For
nathematical simplici.ty it is eomranient to ssmume that 9111 electrons have
hal? oyole trensit times, though Bccording to Hatch and Willdems (1954)

this/ uamption is not an acourate representation of secondery emiesion

e;’"'/‘
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charsoteriatics but is veory useful in getting a simple formulation of the
problem and ‘leede o good correlation betweonr theory and cbservation. Fuprther
the secondary electron emission velocitice are normsl to the end surfaces snd
the elsctric field ﬁeﬁ:een the electmﬂeé ie uniform in space. Space oharge
effectn ure mgugj.bie ad it 48 assumed thot the electron arvival energies
exceed the lomipation poteatinl of the gos, end that & few electrons are
produced randomly beﬁmn the slectrodes by natural procensss.

med en these agzumptions G611) and Von Encel (1948) de@uoed that the

brealidown f£icld E da glven by
3 wd_ d - Y w
o ;

where () is the angulaer frequency of the applied radiofrequency feld and Cb ia

E

the phase angle of the emitted eeconéaxy electron with respect 1o the electrde
field, d the length of the discharge tube and V, the initial velmf:i%y of
~ the electrons The volocity of the electron when 14 e{ikna the opposite end

is given by

_ REE  (m
v —U’o'+fmco Cb

ees(6s2)
if 1% is soowmcd, @s koo been done by G111 and Von Engel {1948) that YV ek,

o

& constent then

9 = K 2€E nd
| K'i m e ...(6.’5&)

_ ©E [ X+l q +2%¢]
d _fmoolb K-1 i

cee(6e3b)

= _wrd
£ (Q/qn,) §

"0‘5030) i
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co-?une 3 = KK-+11 “T[‘Coa b +.2 50 - ...-.(s._q,)
G111 and Von Fngel ann!yud thedr data ueling equations (6.3) and (5.4) and

taking & as a pamm. Following amn and Willisme (1954) the eleotron
' urr:l.val encrgy can be expreseed as

_ & A ex ’Y%r.zz_a‘ YTV
-,cmbin:lna this with equ’ htiom (6.3&) and (6.30) we get for the frequency

j@ = (K 1) @ (E/g,r/;)

Knd (nd

. -u(ﬁo'i)
From equation (6.5) u can be geen that for fixed values of "5 P ang ¥ FLA

® becones mmimm for the mwmm value o:rgp . !Mﬁing $ with respect to
2
m

. .Dedng eqmtinn (6.5), (6.4), (5.5), (6.6) and m the value of K n 3,
Hamh and thimu fitted thedr observation and obizined the value af Lo
: d>u ~ 55 < $ £18° .mwyohminedmelimar portienof‘bhaemc

43 givea ‘the condition

3“"”‘—1 ( K+?_
. .-.(6.6)

where electric fleld remina n‘.{mat cemtan't bg aaeming a rma part:wular
. eleetron a"*rivsl emrgy € o Which m their c..w m 60 e.v '; o wagy at

' compariscn, Danisleson (1343)%5@& K = Lo Uo =0 win 0<¢<‘10

 end :am €= 80ev. .. m;am Yon Fngel (194&) foundy by m:uug
- their mmatiesns t0 dm&a for @xterml alee uroden at aa sepemtian of 3 m, that
for Km -4y E = 90 euv. and eut-ozt ceeured ‘at an eneape limiﬂng; velue

ot P m -58" zmau veluee of X of the order of 2304 awi mztmn srrivel
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emargies of the order of 60 to 90 <v. are compatiable with known secondary
slectron enission ciargiaa and yielde.

Following Hatch and ¥illisme let us assume K w 3 then P =2(WCood+sind)
consequently equations (6.30) and (6.4) cen now be fitied w0 the experimental
curve (fig. 26 )s Some points are chosen in ecch curve and the caleulsted
values of corresponding < are marked there@).The values of ¢ 80 obtained
are not much different from the values obtained by previous workers in all #e
three tube len;ths of 15 ¢m, 7 om and 5 cm reapectively,

The cut-cff occurs bechuse a% lower frequencies the electron must leave
the 3!11 in more negative phases in order th -t they take half a cycle w0
travel the length of the tube. For negative values of ¢ , the Tield, until
it reverses, will oppose the motion of electrons in Z direction slong the axis,
say. Their initial velocity toleee them a 1itile distance ath thic force,
and then they tumm back, accelerating towards 2 » 0, until the reversal of the-
field decelerates them and tums them finally in the proper direction. The
largest permiesible value of ( — < ) i thet which just returns the

az _ _
0 at L =0 o

elsctvons % the wall and hence the second tuming point is
In more negative values of ¢ , the second twming point is theoretically at
negative values of Z whioch means thut the elecirons are driven baok %o
the wall &t & very low epecd and stick there, so thot no multiplication can
take place.

The out=off frequency |, can be obtsined using equation (6.5) and
assuming thot the arrival energy of eleciron is critical i.e. secondary
emiseion coefficient O = 1 and ueing the uppor breskdown phuse angle

boundary value ¢c o e get

@Co _ (K*O[‘xj»ff T Con P, 2 5im %,} ({W ]/2.

KT d. Coo P,

.“\7
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Por constant K, "¢c°~ and  Ecwit the above relation becomes

. . ‘? * d ..‘(608)
where the conatant of the mlation (6.8) is obtained by fitting the eaporimental

= constant

: om. 6111 tmﬂ Von Engel obtained the value of this eonstant fr@n gemrnl
similerity theom to be 19, Hatoh and Villieas tried to Pt the relation (6¢8)
%0 their work and thome of Guttons (1924, 1930) and Gill end Von hnael. Results
of Gutton- :ntted very well to the curve, but ‘c.hat of 6111 and Von Engpl and
Hateh and Villisns showd divergeme from the prodietea law. For length ot the
tube greater than 2 om, the divergence inorcases with incrcass of length of the
 tube anﬂ e!mm a tendency of imﬁane of the value of the conskants This 1s dus
to ammm effoet a8 showm by Chendrakar zm& Von Engel (1965) end Prancis (1960) '
amn Hamh and Villiems (1954 )s Prom our obaervaﬁcna, we have also ealcu).atcé '
the values of <, uaing equation (6e4) and from aquation (647) the values
of £
. shown in table I.

for each length of the tube: weremaleulated. ﬂheae qmti.tin are

2ABLE =T
Tongth of] Diemeter Prequency (r“ xd) . Byreakdown magh Arrival
discharge] Oof the - '} at voltage @t cut off |energy at
- Discharge | eut off at cutof? [ <, )  [out off
tube {(d) ; | :
c. m o pﬁmt 6881’99 N EC"N.{'
we. 0‘0,,: m/.p_ ( Eco ) o LTS /%
) yolt/cms.
15 3.5 8 120 | 93 ~52,3% | 1025
7 3.5 " "9 1.3 ~+443% 345
35 24 - 120 4 | -48.8° ;)
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Fron te table 4t can be seen thet the values of P, are mot much different -
fron tm observitions of the previous Ruthorss The values of Cc.u are also
sligntly Gifferent than the exporimental valus of energy of 80 e.vs for secondary
enission coofficient 5 w 1. Fitting equation (6.8) to czporimem;al results
the value of the constont 1s found to be =120 for all the thres lengthsof the
tuboe. Thle valus, though much higher then the velue preficted by CALL and Von
Engél 18 yet not much wicomuon as can be gecn from the works of Hatch end
Villiems whe:e for tube lensgth df‘ 4 omy the result ehows the value of the |
- constant 68 120, In owr experimont the longthe are muoh higher then the length
of tho tubes taken by ﬂamh and &?1111&3. but eomparable with eome of the
obaewation tuba hngtb- talken by Gutwn and Gnttcn (1950)01:3 6412 snd
. ch ‘Engol. In. figy (27) the aut-of:r Aaw given by equation (6.8) 18

mpreaenteﬁ for tha valuesof the cmtant 79 and 120 by eolid curve amd aocm
ngm» respectively and‘a;ao the pt;:lnts of the different oboervations mode
previoualy aiong w:lth our abaerm*&iéuiq It is found that for lerger lehgﬁx or
the iube,l equz-ation (63’"8) f4te in a better wb& with the obnarmti.ohn if we take
the valm of ‘the eenntant to be 120, Wherean Zor ‘emaller lengthy the value 79

ie more masomble # f’shs roason for the dngreace of expeﬁmantal ( 39 co *d ) value
from the ‘value of the constent 79 was asorived by Hetoh and ¥illems (1954)
Prancis (1969);- ommmm- & Von Engal (1965) and 6111 & Von Inged (1948) ‘

'to the fa0t ﬂmt at tho larger mpemtienu the loss ar ‘electron to ‘the aidc wall
m:mue- and most likely thie ZOaa w:l.n be more effective foz- uaner dlemeter
of the tubes chu:d;akar anfl Vm Pngel (1965) recently tueted this assunption

in their low prosaum wing diaeharge emr&mn‘c. At Iuser separat.ion, the
dm‘enrtion af electr:l.o field mw alm be mnpomib]a for prevr/mting m o:r the
claotmns from tskim part in rru‘.ll han' cyola of ﬂw wmau and hence thn loss .
‘W imrem. S T
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The breakdown voltage at cutoff VCO may de written by cﬁnmting W
. on
between (6.5¢) and 95.5) and using the relatishy

‘Ec-n} = %1’72_

o ' Yy .
VCQ =F,-d :(Li;l')?’ E"—’ﬂ"‘c[ K1 | Co". %o+ '2 Stn q:co]

2€ (o ey es0(609)

The relation (6.9) shows tzat 1t is independent of the wall seperation end
applied tzeqmmy. This faot may help in etuﬁy:ms the effect of electrode
geomstry on the iechantem. Hatoh end R41Mess asouned $..ond K ag eonstant
when yelation (6.9) bscomes.

Veo = C. Eevt
| ’ | eee(6,10)
where 'C' is @ constent the value of vhich ie obtained by fitting with experimental
datae In table II the valma of Vo obtained exporimentally, €. obtained
fram table (1) are given for the three lengths of the tube

TABL«E-I.

e ]

Iength of the tube (A4) ems Breakdown voltnge | Fnexgy of arrival |C
o at cut-off [, &t cutoff( € . ) Volte/ev.
Voltl/cu. . ‘ LA L
5 93 | 10z 1,36
7T 143 ' T35 1436
24 | es . 1,36

The tavle clearly shows that the value of 'C’ is a constant se redicted by
relation (6.10) and when ..y is expreseed in a.ve &nd \ , in volt, the
value of CY im 1.36. |




=3 157 1=

It can thus b2 atated thet the theory of GAl1l and Yon Ungel f£i%s in with
!m amownt of mm.eeae- t0 owr difforent obsémz::iona. The yield of valuzs of
different wiknown paraneters involved in the theory for the process of fitting
ghows a falr smount of conedstency among t&:éméelves for Alfferent lengthe of the
tube and when compared to the values obtained by previcus workerge
PAR? (B ) 10V PRESOU.E BREARDCWY BY A UNIFOMY HIGH FHEQUERCY EISCTRIC FIELD

WITH A UNIFORM TRANSVERSE DeQ. BAGHETIC FIELD.
The equaticn of motion of & gecondary elegciron in pressrce of & transverss

steady mognstie field end unler the action offthe oseillatory field
E. = E 56 (wt+ )

dU —_— Q ‘ > le

and hence .
A% _ _ o, U, + SE Sn (witd)
at ¢ m see(Batt)
dt
where )y ® %‘ = gyclotron frequensye )
eWE | Cop (k+ &
From (6e11) 3%z _ _ o Wx + ==
dtr m
The eolution of the complementary function dr G
dt*
is Ux = A Coo(wut) + B..50n (wat)

2
+wH \gx:O

where A and B are {wo congtonts to be dotermined from the boundoxy emﬁimﬁnﬂy
The particuler integral

v L _ EWE

.0.»(6;12}

has the solution

where A' ia ancther constent

Putting this value of \9. 1o equation (6412) .
» i B _ ew
A W oo (@) 4+ g A oo (Gt &) = S5 o (ot+d)
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Al _ewE
, . : “m (O\)HZ._ 00,_)
ﬂmm the emplete eelutian in <

W (oot + &
Vx = A Coo (OOHJ‘) + (55““(““@ ei:)(wf;:%))

The bousdary conditions are B ‘

C : R a‘-‘o) x:.a:o at t:=o.

Nﬁco | , , ,

AY Uy = AWy G0 (wyt) +B Wy Sin (w“{)+eEwwL<ge(w%+¢)
4t v , | (wf - oh)

EE Wy &M Cwﬂﬁ-fb)

m (Wi - b)

oy -Asw@m B Cor () N

where C.is & constant and Let (B = (0} -w®) o Putting the vaiue of Da
mezmatiqnf(sq‘ﬂ) we got Om O '

e » O WE (o, (wt4 @)
' k’Q?C: = A Cos %ﬁ’.‘ |
. . a Co . \-\E
By = A S (wt) - BCoo (o) +e = biw (0t +8)
d | . | , qyf(ﬁsﬁ).

Insertation of bounary conditions to equation (Ge13) leads to the eguation
of vamug ccaponénm and d':i.splac‘emnty’ enmponenta

EE“’ cm (cot+¢)

[\9 _€EEw Cm<b]¢ooﬁwn’c) _\.gi“‘.ﬁ.._@«ch)@w wni) +
, | -u(ﬁd&)

e
. :-[U _EED ey ] %(Q,HAC) QBJA(S—(S«M cp)(coraw t)+£€‘(—‘;§ Semm (k&)

Ua_: o ';;;F" 0.0(6.15)

eE_ (w’c+¢
Fom e

.y CED . oo eEs Coa(wnt) ¥ oy |
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As before, lot us assume that the taneit time of electron across the tube length

18 L£=TJ/.s o the helf of the period of oscillatory field, Putting this value

of £ in equations (6.94) and (6.15) and teking the resultant nloeity

U'l—; \902'+2C1+C00 )[ _ﬁe;gcm¢+%€EwC%¢ -

mp
+{ EwHSWCI)} } 20, CEC, 5 (BUT) 4 ¢

™

'060(6;18)

After Yon Sngely let us assume that Yy « X and hence

et et () aed W= Yk

[

Hence (o~
) bweE G +ie€ 3
v(1- —L—l) =2 U+ Coo T X Kom[? (3

. 2 . . '
L TeEuShd (7] 2VeE Wy S (T)Se
. m /2' K /3
.0. (60‘19)
o . ’ ’ . R e .
The elsctron is striking the other end with the velodity v given by equation
(6¢13) &t an inolination angle © to the axis of the oylinier, The angle © 4

g"on b’ %M e _—_. Ua //\91
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Brutatng (195¢) hes shown @hot for certain metallie surfocce the relation

detwacn Op amd S, 1. mvenhy v
é = (1_ (on e)

Lca —g—

'mem 0! 18 a constant which is different for diZferent surfoces and dg 48
the mamtn value of ‘6 for an angle of incidence ©O o£ primary electron
of maw em?@,' end’ O, w the maximm valus of S for normal incidence of
prizaries of the sus energye After Deb and Goswami (1964) we shell use thie
z‘alatidn in coss of glass, aimej.m such relation between ée end éo is
' avamhlo for glace exnept o few experimental resulte of inoresse of dp over

& « From the reported result of increase of by 50 over 5, for © = 60°
<o 0 a 0® in case of gless the value of the conatant C' becomas spproximately

aquaz :miw, coneequamay

0/, = QI\AU- Cooe)

£ fYLe and ", are the cormaponﬁing secondary yields of electrons for the seme

mmbar of pmnen. then

oo _ T
S Mo

So 4t can be said thet a particle ?ith. '\ielociﬁv sioller then 'Bhe veloe:!.iy a‘z.

' me:mmnuar incident particle :la- 1dentical in ite capacity to yield saccndery

ulect;mm, when 1t hits the surface at a cartain angle of munatiam |
Htanzr'n (7945) results on hard pyrox gleoe i gtven in the ﬁg‘ (2 g)

which shows the average numbor of eleotmna roleeped Lfyom the glasa am*i'aea
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irrespsctive of the angle of emission as a funetion of the speed of the

primarios. An empiricel relation between encrzy of primery electirons in e.ve ol -

é ,' the y:l.e}.d ean be represented by an egquation

S = 12 (2/100 73
This relation is fitted to the exporimental curve which chows that the fitting
is valid between 80 eevo to 300 eeVe 0f energy of primary. In secondary resonence
breakdown, the primexyy encrgies lic well withm this linite Hemce we can ui::lliée
th:.é relation between O amd £ .
lot Eeffbe the effective ensrgy of the particle which will yield the sone

rmbexr of geconiarics, when it hits the surfase normally as particle of energy

€o will yleld hitiing at an engle O s Wo have then Eeﬂ_ > €. 3§ the ratio

1 Yesolks §itred
of yikeld from Musller's.equation oan then bte written ep

So ()= B2 - ehee o)

My

it \92” w veloeidy of the primery corresponiing to energy -Ee
@ = vealocity of primavy corresponding to o

T (et ey

Dby =v oeb[ 30 )

Congequently we can state that the effect of hitting the surface with velocity
15 at en angle © 4is equivalent to hittins the surfaoe vithwloeity Uy at

normal ivecidence whore 19 amd Ueﬁ; are relnted by the sbove éqwatian, Henoe
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to account for .the effect of hitting. the a\'n-tact, qbliqmla;, if we zip),am (C

Uq;{ﬁihﬁ%@'%e)} in equation (6419 We get the relation,

0 4N wy V[ Ve 0 e E expl 3 (- 00D
vl (1-4) = 20+ o ww)[ et
+ile_s exp{ 2 (1 - (oo )] («)cm;bﬁiiege;q;{%@-%e)}wu&&q: }1]
_ 2, CF exb{§ (- @ o) wusid SC (4 )

Kmﬂ(ﬂ‘
o .‘\66(6.20)

From equation (6420) we f£ind thet introducing U, in place of 12 changes the |
valus of E to [ ei\v{%;(i— Coo e)} « In other iard, thejsffect of hitiing
obliquely at the surface ‘ean well be represented by roplacing E by |

E exp i% (- 9>} ' in any relation deduced i’ron the solution ¢f equation
(6011,

' Deb and Goswamd (1964 ) indicated thét tha general solution of equation (6.20)

in ainplified from is unobtaimable. For lorge megnetic field, hmv.er,. a
simplified assumption maybe taken, ae was dore by Deb and Goswemi (1964) that
the second turning poin£ appears i_lppmx:.ma;baly after the completion of one ful1
cycle of the oy#lomn frequency :le®e when Wil = 20T - when m
, :uf-m integers. Thejmufioaﬂen of this assusption may be sought in the fact
that tha tz_:aotion cf/bl;temphaea that 18 not co_n-:lderea in this. approximstion
occupies 1ittle portion ot]thg half cycle _bf tmit 1._9,-&6.9 d;la;f@e betweon
the end wall and position of electron, when it has exscuted a nusber of §mpiah
revolutions dus to cyolotron rotation, 16 smsll in both positive and negative

pides of the !1511_0;
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Applyi.ng this essunption to equation (6.20) we get

Q# (1_ T(T‘) — 4[_ wqfcoel':'e;\i;?a(i-cme)f +{eE e; §%(1-c(;9) wco%}z.

g cEipl-enfus o)

fw\(B .0.(6.%)
and displsccnents 8t F = T/ from equation (6.16) and (6.17)
X = - ;l——e—g—m—:(—a—i q..(S.Zﬂb)
_ 2eFE Wy (e |
5 2 om @(b : ‘.‘.._'(6.2&)
The eguare of the resultant dlsplzcement
L 2, L
2 1 Y ~ Wy Cor o, f
D= x +a = (ze\:/,m@) [__u.o_{;i + Sua 4:}
(LCOoLd) < n \/7_
= 2¢E wH -+ Stan P
rm(b w ,
voe{6a21)

e eamuiam the resultant displacerent when the eleciron sirikes the
opposite endy the velue of the - eompomont of displecement &% t =T/w
has been ealeulated from equation (6.200) and the resulis ave entered in the
last column of the table III for di*’femnt values: of the mognetic ﬁald. The
resultent displacemsnt 4s ( X~ + 37‘)% at Lt = 7T/00 « Voing the
J- displagement and tak.,n{; X e 5 cm. the result@t dieplacmnt for minimum
ard magimn values of %hea m&gmm@ s.wlﬁ, b ].:!.em betreen 5,297 em and
5¢702 ems and the length of %shea tuha :m 5 il cmmeqwnﬁ!y aa a firat ‘
appraﬁmmion the mxault&nt &isplncemem can be ﬁa‘.t:m be equal to 'ﬁ&w
length of the tubes Eéaking_g bh...a asmmptim md{intmﬁwing the offect of
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oblique hiiting of the eleciron to the end surface we get from equation (6.21) as

d.m. th-%“ (,Q’—) OO ____. QL},[_BLT (:1— Coo 6):]

-eE P,
wleve , Vo CPY/Z
. 2 > 4w .
c_‘éH —X_\UOH Coo CP 000(6022)
as %Ci— Coo ) { the squation can be written
dom- (o —e8)- @ v 1+ 3 (L- C%%>
2 &
E %H eoe(6e2%)
¥e have again
‘ k_a/u\ 0 = - Dy Cob $
Therefore . §
See & = ——H——
0 S P
O S b
o Con 6 = — =

b, |
Putting thie valus of Con0 im equation (6.23)

d.m - (=) w — |+ %Ci* E’ﬁ”‘i
2¢€ B, b,

ud Comvrying e b e fen Ak

50 (49 Wy

1_ .2
OJRLYQ‘_.,‘ ./\\,\“ —_ Mm a (O;He g )C’j

-—'[-fO OOZ) + 24 /\H W Sn ¢+(\6/\9;“ LIOICO&B:O ,

ese(6024)
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Consequently, from equation (6424), for di.ffcmnt valuse 02 Ay, Wy vl
W, the value of 5w & ie obtaimd. Sinoe equation (6.24) is quadrdtic
in Su.d a0 the phuo angle v:luu are ohosen depending upen the portion of
the curve under coneideration. In fige (29 ) experimentsl curves for megnetic
field values of 18 gauss, 21 gaussy 30 gauss and 45 geuss are given upto the
lighost range of frequency at which the meseuvements aye limited by the refe
voltage limitation offthe pressnt experimentel setupe In esch curve soss
pointe are chosen and the valussof & from equaticn (6.24) 18 obtained for
eachl pointe. |
',ﬂ'hn lmitation of refe out put voltage restricted us in obtaining the
almost linear porticn to cut-off point only but not the other end of thn |
curves. Hence throughout our d:l.sé_meion. we heve confined our discussion and
2ittings ta the lineor porticn of the curves where emr;sy is almost constent
as shown by Hatoh and Williame (1954 ).
Fron equatton (6.208) taking the sseusption (—C%‘-)‘IT=2WIT (=123 o)

we get | - . e
- L weEowcb eE w Cood EEWuSid
(1 | Kl.)l— 4[ oo {—_————m«(& §+§ e i ]

o : e E W Coo P _(_‘f_) CE V(i cor? +§L &;L¢}:o
197-_‘_\9&1_4_‘%1. Koo 1 -1, [(WB>( P + Wy )

This equation 1s solved for 1\ as other quantities are kncwn. The erergy of

T
arrival £,= 77~  de then calculated and using the relation

Cafc. = ez - %633

the values of Eq; for the cut-aﬂ pomta of eaeh valuo of the magnetio Lield
have been obta.imdq Theoe valueo are ahom m te.ble III.
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TABLE « I,
H ]Qc'b : Eco f(— ¢¢°) W, x10 8 E ‘- " E ¢ ._ m’, d-
Gauss §. ¥o/s § Volt/em dogﬁee m/m original ¥ effective § eriticaly radiue § displa-
CeVe eV, from cement
table=l from
wm . f4u.
(64200 )
18 | 2 38 62 | 43 |2 8044 1,327 | 1.75
1 21 44 52 3657 | 55.85 86,04 88 «944% | 2,228
30 18¢5% £4 53 %1 27,04 7335 «5T41 | 2,601
s | 165 16 | 3 | tes | es2 | 3800  o2272| 2747

From the table III, it is eesn that the values of Eoriginn is nuch cmaller
than the oritical value of € for S « 1 end the valus of Ecvu caloulated
from the Cut=Off point of the curve of Hm Co But the value of E.rmuw
K upto 30 geuss is nesr or equal to Ce.y - for H m Oy though the value shows
gz»adunl decrcase as H i incresseds The deviation is not remarkable upto
effective e nuch smaller

than the .., o Thue Yeason of thic deviation is due 1o different approximations

for

B = 30 gausg, but for H = 45 gauss, the value of &

nade in caloulating P amd U !mu c:anpariaau wlith the experinental results.
It ie evident from tho resulis that these approximations do not much effect the
result; for amall naénetic fieldy but for high megnatic field the Qifferent terms
neglected in obtaining equation (6.21) and (6.20a) nodified the values of i and
2 to & large cxtent and eomeqmnﬂy the deviation of the values of the
diffemnt parems terse. Bowevor, considering tha limitationsof our theory in
explaining the mechanism of thn d:tscharge and thc experinental results by
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the process of fitting 1t can be endd that the agrecmont is fairly good at
least for moderate véima of the magnetio fields This treatnent algo shows
that the mechaniss of secondary elsctron rosonance ie iﬁn opsrative in
origs.ml -enu o8 the case of the breskdown of. the gaa, when the magnetic
field 1s also present; It is also expected thai if the original mluuom ot
equetion of motion of ij:l.eotron could be obteined much bgttor 2itting of the
eme;-imental results and consaqusntly more rescnable valuee of the parameters
could be obtaineds |
The values of the Iaxmor radiuvs and those of ‘- displacement at 1= ‘fT/w
heve been numerically _caloulatcd for _dif.ferent values of the magretic field
and entered in the ninth and tenth coluan of isble IIX uametiv;l&.\ The
5'- displacement when the eleqtmng' roEoh the oppoeité end for euch of the |
values of the magnetic ield 18 maller thn the diaseter of the diecherge
tibe ( 3¢5 oms)y the Tamor raitue in each case 10 muoh emaller than ‘the
radiws of the tube for energics of alectmnn high enough to cause breakdcwm
ami tho najoﬁty o’ 31aetrona which are mtuany respcnaible for the continuenee
‘or tha secondary olectmn resonance bmalmdmm £ind nnple free apelce during
their transit between the end nalla and are not lost due oem-ion with
the side wallg. ' |
: It 1s further obug?ved‘" fron table III that an dpiriéal relation ,
between H, f, end E, cants obtained Zrom the experimental dntai, he
queatity (H- &O/Ew),-mem H 40 expressed in gawsey; {c, 4in Mo/sec
and Eco 3in wolts/ome., 48 almost Aa constant as shown in tadble IVa
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2ABLE Vs

a #co Eco <H $eo /Eco> C— cb(‘)) B (H :gt,o‘/Ec°>
Geuss | Mo/sec | Volto/ome | Expte in degree | in degrees | Cal.
18 22 38 10042 62 51 | s.008
21 21§ 4 | 002 782 56 67 .
30 1845 54 10,27 | %8 T 60113
45 1645 % 9 T7 24 a5 1C.1
(1]

To tast vhether the theorotieal analycis made above can explain the smpirieel -

relation obgerved we obtain from equation (6e22)

. d. OOH )w
2¢E Wy Coo &, (1+ Sl g )

= ex\s_{% (1- CD#G»(,O)}

&3 for the mognetic field used in this experiment 2; L 01
(%)

) H
ond kn” P, = T8, wegek

4 w0y
ReE c;ﬂcb (1H+ Col—"e)/z_ “H{E - om0

o m d wnw _ (oo P, 2;3_1—& 0co)
i et 5”*9; A i )

: (on P 5 (- | .
, oXH 3 Co_ exb (% (1- Con Bc)) f d=5 ...
v ﬁé_gc_o__ = 637 S Ben |°<14( c)? _

cee(6e25)
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where .o 48 in Mo/aec ii m gauss’ anﬁfvcélt‘:/c@ are ex’px;;s'ed- In i;ab!.c IV the
veloes of &, anmd O ;,, for different magnetic ficlde are glven. E’ﬁp%ma‘m
we m that the reh.ds of equotion (6.25) 1s o constent and equal 4o 10, 80
we may Way thut O, P, @d §c, edjuet theasslves in sush @ way that at
the point of cui=off given by equation (6+25)y the value of Tohetis OF equation
remains éomtaﬁt for any magnetm mm. To test' the vandtty of me'emimmﬁ.
the individusl values of r.h.s. of equatien (5. 25) are ealculatad i‘ox- each

| mamat:lc field ond msu‘!.te ‘entered in the las‘b eolum of table 1?. m tab:w
whows that the value of the oonatzmt compares masonab]y with fair smount of
agmement in the order of magnitude between the empqéru:any detemmee value
and the theoretical value of the lsst coluan. %e{diwr{tpenjy lay ba attributed
tc the dstfferent appmﬁ.matiom takan md their vandiw during the theoreticel
deduetiom. camaqmntly. u can be comm!ea with reasonsble agreemut the

cut-oz:t mlation
‘.?Qo X H
ECQ

is true for moderate values of the mﬁc field at the point of cut=off,

= . Lonslant

gnnamnsxoiu

The phenomens of low pressure breakiown by secondary eleotron rescnence
oni:l)“atmm has been explained in the light of the theoxy put forwerd by
6111 and Von Engel amd latch and ¥illiems, The meesuremente without magnetic
£ield. lead o the coneluqion that all the pmdictiumv at the theory of
Gily and Von Engel (194@) conby exﬁefﬁ!ed for spide range of the dimension
of tha discharge tubes me\m:msa in the value of the constent (o x4 ).
ay ¢§bﬁoﬂ justifice to some exﬁem'tne predicted reasoning of aatch'ana ‘
wnmm (1954) ent wparm mm:ny by the wozk of Chandraker and Von
Engel (1965) as due to side wall effect mcmny when the length ot the
discharge tube is 183.'36& For 1ngrgsge of the dength of: the dischsrge tube "me
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constant inoreases which was also cbaerved by previous workers for gaps .
bh@ryer than those ueed in the prosent worke 'ﬁﬂm quantity Veo/E...
.~ hes beon found %0 be & constant for all the threo lengths of the discharge
‘ ‘tuba, a result which fomwe from the theomueml analysie. .
- The obsemtiom with magmm fleld aml the submtamnt ::.tta amgv of

thiec emauem to our theory xialdea the valmc of the pheae angls
wh.ﬁoh are reasonsble. Though our procedum hwa obtaimd a glmplified form
2or the enecrgy o: arrival of the olee%mm. yet it glves reeulta for the
otteeuve energy of armval for m&erata magmtia ﬁem with fair mmmt
o:r mmcy

; ‘Ihe vahﬂity of the diti’emn‘b aasmxptmm nade for me dedmtion of the
oimpnﬁea tlmcry of breskdown vu;h magmtic field ave open to questions in

r:lgid tlmaretical\#me. But in view of the fact that mo conclusive theory

-hmlng the bshavicur of the ﬁiaoharge for the cont:l.nwm change of magnetic
ﬁem caa be deduced without meking oom sﬂmpnmng mampticna and considering
| the uﬁéfulneéa’or the ﬂwm-y in expleining the experimental vma-ultl. 1% oo be
comluﬁed tnat the sssmumptions can ba mgarﬂad ap ve:l:m in the range et
thu m&nﬂc field studied in the present 1metigatiamg

gmg&nmmss.
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