X

CHAPTER =1V,

ot aron:

AY

SEQTION=A, ¢ DREAKDURN OF GASES BY HICGHR PREQUERCY
BELE0TRIC FPIBLD IR A TRAUSVERSE MACRERIC
FIEID ( Prespure range 1 %0 6 mu. of mevouty )

SEOTIOH=Be 8 BREAKDOWVEN OF CASES BY IIGH FREQUERY
FILECTRIC FINID IN A TRANSVERSE MAGNERIG
',‘
FIELD ( Pregsure remze o5 mmc 0 1.5 mme of merculy)



«3 Q4 te

BERCDRICH oAl

INTRODUCTIORN,

The condition for vtha breakdown of a gos excited by high frequency electromsgnetic
waves deperds mainly upon factors ewch se the pressuce of the gasy the dimension
oi‘ the discharge tube and the frequency of expitation. 'Pbe two dominsnt fectors
by which electrons are lost ave diffusion aend mobility and if the gae io an
electron attaching oney then by electron ettechrent alsos It has been found that
whén the prosoure of the ges i of the order of a fow microns and the length of
. the‘ dischorge tube is large compared to the mean frec pmth 91’ the electronp,
both tho mobility and diffusion are the dominent fectors by which clectrons are
loote (m the other hendy when the ges preseure 48 high and the frequency of
excitation lles in the microwave region, the electrons arve lost mainly by
dlffusicns The experimental valuee of the brealcdown voltoge are ecnsm_tent

wﬁ_.‘i:h thoge caloulated theoretlcally teking the above eleetron remgval processes
into considerations The method of caloulating i:he’ brealdown voltage from
theoretieal conoideration hos been developed by Herlin amd Drown (1947?) in the
case of high pressure exd high frequency whove the dominent cause for the
electron removal process ie diffusions Starting from a moleculay model.-an

" alternative method of ealoulation has been developed by Xihara (1952) ¢ Ye has
congiderad both the moblliiy end diffusion as elestiron removal prozcopes end

in & mmber of papers published from this laboratory, (Sen & Ghoech '1953,

Sen & Mattacherjee 1965, 1966, 1967 ) experiuontal results obtained have been
compexed with the theory developed by Fiharss It has been foumd thai when the
pmaaure is of the order of & few mi>yons ani the frequency of exoltation

is of the order of a faw megacycloo/sec) both the diffusion and mobilidy ore
e majér elsctron removing pm%eaaes. The discr;péoz;oy observed 'hgatween the
experinentsl resulls and those aeleuﬁ%’ed from Kihaora's theory has been
attributed to the uncertsinty in the values of the molecular conbtente

introduoed by Kibara. As the mochanism of breekiown depends upon the prossure
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as well as upon the frequemy of excitation, it is worthwhile to investizate which
process is mainly vesponsible for elsctron retoval under the preeent experizental
setup. !unher in thie paper sn attempt wﬂl be made to :mctéporate the effect
of attachment in Kihara‘p theorys

. The breakdown of a ges excited by a radiofrequency voltage in presence of a
magnetic field either longitudinel or transverse has been stulied previously.
Hention may be mede of the work by Townsemd and G411 (1937) who carried out
experméntn in sir for two frequencies nemely 48 and 30 Me/sec amd the range of
preseure varying from a few microns t0.%24 meme of aemu)g. Iax, Allis and Erown
(1950) performed experizents on the breakdovn voltage of & gas in & microwave
£ield in preosence o:r a transverse magnetic £leld. The gas used ﬁaﬂ helim
containing a emell admixture of mercury vapour and thoy obtahed breakdm
curves for different valuce of the pressure, Derritti ond Verpmai (1955)
performed experiments for frequencies ranging from 10 to 30 !ah/m in air, the -
nmagnetic field varying from 0 to 600 gauss. They used cylindricel electrodes
and observed a lowering of breakdown potenticl in presence of the magnetic field,
The breskiown of & discharge in sir and nitrogen excited by & radiofrequency
voltage of frequency tetween 7 to 10 Me/sec and the. presasure verying fran
10 to 300 /V- in presence of a transverse megretic fiem varylng from O to 80 gam
hag been stuiied by Sen and Ghosh (1963)s Aeeuning that mobility ond a122vaton
are both responsible for removal of elecu'ons and utilising K;lham's theoxy, the
authore have found good agmement with experimen 5al mmm.h:-ln the pmsent
paper the effect of a higher magmtic field »rrom 300 to‘ 1800 'g.aues applied
transversely hag been]studied and the Paper reporis the resulta in case of
hyarogen, eir, oxyzen am earbonﬂioxide. Attempt will :r:lrot be mada to. e:pmn
the resulte with the theory develaped by Herlin aur! Brown (1947) and then to
compare the resulte with Kihara! a theory (1952) a:tter in‘broducing !.n the thaory
the effects produced b,y the. magnetic ﬁ.em. s o
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BXPERIMENTAL ARRANGCEMBENT,

The method of neasurement of breakdown voliage has been deecribed in ehapterIII.
The diecharge tube is cyl:mdrieal, of length 0s4 cn and redius 1.4 em fitted
with two external elecirodes axd distance between the #wo electrodes being(ed cam.
for a1l the geses studleds The mdiofre«iwmy voltege has been supplied fm &
tuned plate tuned grid oseillator the frequency of the oseillator varying frm
10 Mo/sec to 30 h’c/sec, the frequency used to excite the diecharge boing 17.6 Mo/secy
and the output of the oscilltor canbe continuously varledfrom O to 500 voltse
’l‘tm{r.m;.. output voltage has been measured with & vacuun :tube ‘volimeter. The
pressure of the gae has been meagured with a mercury manomstere The magnetic
fi0ld hap bsen swpplicd by en eleciromagned, tﬁe linesof force being pez';mnd;eular
' to the length of the discherge tube and the mmgmtm‘field hes been moasured
acourately with o calidbrated fluxmetera Keéping the magnetic field at a constant
value, the pressure of the gas hes been i:eried azﬁ breskdown voltage detéxmined
for various valﬁes of the g68 preasures ’.Im oxperinents have been repeated a
layge numter of times and the resulte heve been found toj be conasiatent.
Prepovation of gages |
Hydm@;en wes prepared by the electrolysis of a wam concentrated solution of
bariﬁn hydroxide in & hard glass U tube fitted with nickel elcetrodes in which
hydrogen|was liberated at the eathodes The gas is dried by passing over brolen
pleces of potassium hydrozide followed by purified phosphorous pentoxide. |

Pure oxycen is evelved a% tae enode in the electrolysie of barium hydroxide
solutione It ig pasmed over red hot pletimm to remove traces of hydrogen amd
dried with pure phosphorous pentoxides: '

Ture carbon dicxide has been obtained by the setion of dilute culphurde seid,
bolled to free it from air, on pure zodium carbonatee The ovolved zas isg Pirst
pasged through water toc remove traces of acld and is then dried by pasasing

throwgh silica gel and phosphores penwxideg.
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RESUYLTLS AND DISCUSSION

mhe (E/p) values for different genes have been plotted against PA in figure (10 )
for hydrogen, in figure (11 ) for air, in figuwe (12 ) for oxygen and in

figure (13 ) for carbondioxide where A is the diffusion lengthe The curves '
jndieate thot the valuos of ( E/p ) gradually decresse with increaoing values
of PA within the range of pressure inveetizatede In order to escertain which
process ic dominant under the present experimental setup as the cause of
electron removal, the following points have been taken into considerations

(a) As hep been oiated by Brown (1959) the validity of the diffusion heory
ascunes that the measwrements of breskdown are always talken in vessals whose
dinensions sre ciall compared to the wavelength of the oxc.iting povwer becouse
in that case the uniZorm field easumption is elways valid. In‘our present
experimental setupy the wavelength of the exciting radiation is 17.04 meters and
 the length of the diccharge tubs igloed em amd radtus l.4om. Consequently the
wniforn field a:-nmﬁption whiph is necessary for the diffusion theory to be valid
is satiefieds | |

(b) The values of mean free path of electrons _fcr various gases have been

glven by Townsend (1947) and are entered in teble I.;

TABLE I,

Gas ) L tnem. -
T

Hydrogen ' W02 =04

alr ) | «03

oxygen 03 = 406

Carbondioxide «004 - _;Oﬁ
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Vhere D donotei the electronic mean free path at a pressure of 1 me.ms The values
of Ne, the elsctronic mean free path win be smeller at bigher pressures. Since
the length of the di-chargu tube isj0.4 cmy and rad:l.ul w 1.4 cm 1t is observed
that Neld A or 7 where d 18 the length and v 18 the Tadius of the
ddascharge tube. .
(c) The collieion frequenmoy ), = Y /7\e where . 16 the ranica velooity.
Prom the messurements made in this leboratory on the radiofrequency conductivity
of ionised zases, (Gupta & Mandal 1967) the ramdom velocity of electrons is of
the order of 103 ca/sce for most of the gases studied here and hence for a
pressure of 1 m.ms of meroury the coiuaion frequency will be of the order of
109 and ag the frequency of the applied field is 17.6 ¥e/sec, the eollision
frequency is groater than the applied frequency and at higher pressure it will
be -ﬁn greater. Within the limits of expsrimental conditions in which
diffusion theory edequately explains the breakdom behevior, one of the
phenonenvlogical chengaes that ccours ia the transition from many collisions per
oscillation to many oscillations per collision, Within our present expsrimsntal
setup for the range of pressuve imvestigated . »» O where O 19 the

angulsr frequency of the applied r.f. field. Hence we shall cnly desl with
| the case in which the electron suffers large mmber of collisions per oscillation.
(a) The emplitule of Qloc'éron oscillation when collision is taken into
consideration is given by
- - = | e E,

e C eesl4et)

where BP is tho electric field mtensity. Putting an everage valwe of E. P
and ) 1tis obsorved thot the amplitude of oscillation is of the order of
o32 em at a pressure of 1 m.me and for higher pressures the amplitude will be

still sxaller,
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Under the above comditions, it is thus appavent that the .eleetmnra nake
many oscillations of emell axplitude because the motion is resiricted by
collioions, cnd the cloul of electrons appears stationary ( there being uo drift
motion ) spreading outwarde only by diffusion. Hence in the presecnt case, the
lose due to drift can be negleoteds New chorged particles are formed due 40
ionigation collipions end only the loss due to diffusion predominates. The
cace is similar to that occuring In the case of microwiave breaakdcwn of gases

al hence
. OLQ_%

d >

i
o

»y.m + D.

000(4.2)
QL\QYI N = eledtvm dg(h\&u‘r& , P= ‘g"‘f"-ﬁu‘-"‘“ar Of tmination 3 , Do Ju{»{»umo—y. (ma{-}tcte-,&
gia the length of the dischorge tube is emall ccmpamd to ite diameter Ty ONE

dimcnaionel treatment is valid and the solution of the equation with the uoual
boundary condition M = 0 at X = % d/, where d. denotes the length of the

discharge tubs, ims given by

1//\"

1l

>/ >

see{4a3)
where A is the aiffusion lenzth amd for a cylinder of length d and radius " ie

given by

2. . 2.
7'\T - <%T~—) * (21355) cealded)

As etated shove, wnder the present experimental setup ond the renge of pressure
inveetignted, the collielon frequency ie much larger then the frequency of the .
epplied radlofrequency field and thoe electron suffers many colllsions per ‘
oseillation of the £ields As has been stated by Brown (1959), with the rise of
pressure the clectronic mean free path decroases snd the energy g2in per mean

free path is proportlonsl to the mean froe reth at constent E fiold. Fence %o
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cause brecikdown the field muat increase inversely pfoportionally to the mean

free path or directly proportionel to pressures He hee thus concluded that at

.m@ pressures where the electrons malke many collisions per cscillution, their

| behaviour is the seme cos in the case of dece diecharges Hence putting )=+ KE

in equation (4¢3) where o{ 18 the first Townsend coefficient and K the mobildty coefficiet

we get
£ K E _ .| /,\7_
D AR ese{de5)
K_e |
as’ = = KT where @,. is the electron temperature
IWG gets .- (ﬁ.—) Ee P = _\/]\7" . | 000(406)
4 KTZ | .

and from Townsend's equation

(4/) = Ao ek ™)

| BP Y e o,
h,exh (B ) B & P e

In case of low deusi.w plapmas/an 4oomtez-ed in low current elecizic diecherges,

the electzon temperature To 4o :SZ ( E/ P ). The. thezmal energy of en electron is
determined by the difference beiween »the work done by the electric field end the

omr@ losses due to colliaién betmén electrons and atomss It 10 evident that

at highor ﬂeid' pimngth the eleetron will gain gﬁgﬂo'z' sncunt of encrgy between

succesnive collisions. However with the increass of presure there is an |

' Mmase in energ,y 1oaeua due to col:u.u:!.onn am! therefore the electron

| tempera‘mm will %emaae with. 1mr«msing prossures A mathematical expresaion
involving To and ( E/P ) bes. been\aaamea by Vom' f‘mel (1955)

KTe _ (E/P> — 7/ (E/P> w&p,my \/._
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where I in the mesn free path of the electron in the gas at a pressure 0f 1 met.

of Hg. and R = ?,'\;n where m ig the mass of the electiron emd M ie the

mass of ilon. Hemce we 2ot

oei‘FCB")Y ”l1//\r‘L

- B =N

” 4 Loz (A P A )  ee(a)
In cage whore there ere many oseillations per collision, Brown (1959) hes deduced
an expreasion for the breskdom voltmge tsking the diffusion loss into oonsidexation
but in case when there are many collisions per osedillation as is the cs.ae
investiguted here the breakdown potential hep been calculated by him in an |
dndtrect ways hence the above dedustion which encbles us to caloulate theoretieally
the breekdown voltage from the knowledge of different known parameters hos deen
adopted here. J;zlham (1952) has treated the phengmena of electrical discherge by
adopting a proper moleoular model for collision processes. Assuming 8 suitable
model for the crosseection of the molecule for elsotic, exeiting ond ionizing
ceollisions with Mexwellian distrivution of veloelties of eleetrens which 18 nearly

valid in cose of moleculay gases as has been shudled here,he has deduced

expression for > amd D wheve P
- <Te (- me ) and D = e
D = N. ?’g e L exp (- pym m NN

t .

end putting these values in equation (4e3) we gety

: rmcil'
N. ‘f A (- 2\<Te)

= Ye

ov e-(é._,jo )
where 5 is 8 molecular constant eguivalent t0 collision croessection and 7\ 1o

enother molecular constent introduced by Kihara hoving the dimension of Co- /seo.
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¥ 1 the number density of ges atoms, K the Noltmman constant, C. the moleculer

velocity and '.1‘0 1g the elecotron teuperature. lence we got,
%
N 3BT AN = exb (fmcL/QKT&)
C

v

o mel) = by Nt 22 AR]
(=4

CL ,
e o(4o11 )
Further sccording to Kihera's theory the electron temperature “. is given by
' 0
e E° | 1 . COL /Z_
KTe = —3 - ' Vo NP>
N2 (3 nf)

where [ 18 snother moleculor model constent introduced by Kiha-a with the
dimension of avea divided by velocity and ie related to the toial croscsection
by the relation Q = fC which meane that the total cross section is proportional

t0 the speed of the eolliding elcotron. Putting the valwe o2 KTe we got,

7.

N M C¢ . ”7\? |/7-_ [ w* 12 36N 2
N2 (2nF) 1+ lel] - LE}T[CL (NI\)]

M\EAA 7 ’/L
BEP[H(*"“A S )| =2k (WP

P eae(4412)

where A‘ and c,' are the wo Gerived consiante iniroduced by Kihara and their

values for different gagos have beon provided where

A = 2L (29 /2 ¢, = (LR)( Y-
T e Ce AV 1} NG
and
9m \
— mc; /.
N 1s the wavelength of the exciting refe £ield cmd B, = EP- "Te (3(7\37)

end B, hes been shown 0 be equal to the constent B introduced by Townsend in

his theory of elescirieal discharge. From the values of the constonts G‘ and A‘l

ap given by Kihara for different goses and ‘N the wavelength of the r.f., field

C

the numerical value of the tem ( p'—f )2 becomes noglipgible compared
1

to wnity amd the equation can be further eimplified
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8P = 2 g (APTA)
E
— .= B'o
ov l"—/P B 21/\:3(1\1‘3'”/\) veef4s73)

Calouwlation of A1

The value of the conetant A1 cen be calculated according to Kihara from the
constants Aoaml B,y tne Townserd's constants, as follows. Kihara haes shown thet

_ s BAN2 ~ N wm¢* Y.
A, = RE ()T B = B G)
36
' R P 2e {
Thouw 3N = AeBe o T oF

o . \V2
Qand. C: = 08 (“—Qi\/‘)

Mo AL = % L A, B, "2
. 064 v, -
“eei(4e14)
where V, demotes ithe icnization potential of the gas. The values of A, end B
heve been given by Von Engel (19556) in case of air end hydrogen for the values
ot E/ P ) used in thie experimenty in case of Co, the valwes of 4, and ZB
ave provided for E /p vacying fzom 500 to woo@ééé?a ;.: ofxll:nh higher than (E/ P )

values used hore and in case of oxygen ro data has been provifeds Conssquently
valves of A, exd B have been coloulated in case of oxygen and darbondioxide
from the curves showing the variation of (X/P ) agtmet ( &/P )

(Browm 1959) for values of E/p lying between 50 to 100 volta/eme tm. of Hae
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B

A

A

Gan 0 o 1
Volts/cmexme fon paira 1 : -

of Hg, caeme OF lige One mre Kge AN
Hyarogen 130 5 2.5 10,61
Alxr 365 15 50357 10,61
Oxygen 138 5055 3.182 10,61
18.8 84630 10,61

Carbondloxide 341

The values of E/p howve been ealoulated both from the expression (4.9) and (4.13)
for 'd‘i:'t_:li'crent viluss of PA 4n ctine of all the gases and the resulis p,iottod
side by side in figures 10,11, 12 Bnﬂ,.IB' o The value of the constent 7’1#
equation (4_.9) hes boen taken from the experimental data provided by Deas and

) mn\m (1949) where the experimentel variation of T; with reduced field ( E/P )
for various molecular gages has been provided for lavge E/y, values ( 0=300 v/em.
meme OF Hgy ).'mey are suttisble because the varistion of B/y values in our

X, : . .
daperiment . also lies in this ranges. It is adviscble 1o use the experimental

waluss of 7/ becouse V= 7%— andno precise value of T is avedlsble in the
14 terature, | B '

Kihare 1n hie theory has provided the theoreticailtasis for caleulating the
breckdown poténtiai in case of mn,gttachipg gosen; Sen end Ghosh (1963) in _
ealenlating the '.bzfeakddwn pq;ent,ial‘in radiofrequency f£ield :I.n?nse' of electron
attaching gases adopted & Bimplificd treatments Though this simplified
preoédm has yielded better méﬁltéig«, a.n élta:n;tive mét’hog based on more

strefght forward reasoning hae besn used hores .
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When attachment 15 aleo token into consideration the breskdown condition is

given by | '
. . ')) ;D -Qa . —. 1 / IR ‘
A voe{4s15)
and 17 o, 18 teken os the coefficient of attachment then
O< = ’Qa. / v © ‘
K
* | * ors(4.16)

ciamk

where K 4s the mobﬂ.lﬂyﬂ = E is the breakdown wlbage when attachunent 10 token
into consideration. Putting the values of 2 ond D as bofove, .

N BCO: ' *)( 2KT€> " = YN
’ omcL ' 1 N 'QQ_‘TY\N\
or N*. Eé? N e (- 2 KTe > (/k> TR oee{4s17)
Ly MmN C#A/P)(FQ/PB K P~ 7“ NN (4.18)
l KT, ; ‘QEQ/{L,E?\?) 7'N§ soelide
and from Kihara's thoory —
Hher. Yo = (Kafp) P (D)™ 8 = Ve

Ke /m,\ NN

the brecldown volisge will now be given by

B, P L\
Ea [1 +<A\C;7T— } = 2 Lo (AP AS)

(XY X ) (4. ‘9 )
where

\//\’}_ = o+ R | eee(4020)

a

C
or as before neglecting ( = )2 in comparison to unity we get
AP : .
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B, .
2"‘%@‘91/\@)'- o eee(4e21)

I

Eaf/p

Thus the effect of eleciron attachment coneists in dewrsasing the velue ef
effective diffusion lengthe The valuves { 0<4/ P ) for axyzen ond air have
been obtained from B}éﬁ'ﬁn (1959) eonmequently %\a_anﬂ hence - Ao can be
caloulnteds As there ia no avatlsble data for Co,, attachrent corregtion could |
not be corried out in this case, In his theory of high frequency breakdown in
eiegtﬁ*an atteching goses Brown (1959) has also followed & similer trestment and
ae hao been ahown abovaa;%{he effg&t of attschment conpsigte in éeplaeimgg the

diffusion length A by Ac;eo equation (4.9) con be modified and we get

B

| /P Lc—aG\oP Ne/7) e (8528

i : é
Forlin and Bpom (1948) by constdering the effect of attachugnt has calculated

|

the brecidown field es (Byown 1959)

Ve
Eatr) (P elhe)

£ - L 2
B 3

To caleukste theoretically ( Ea/P * ) for aifferont valwe of PA 88 hos been

done here the difficulty arises due %o the faet that A/p 4 3/p amd Uay,

eve a1l functions of ( E/P ) Hemee ( Ea/P ) con not be celeulated

mﬁémrﬁenﬂy of these quantities but from oquation (4422) ( Ea/P ) can be

ealoulated for diffovent valtzss of PA. snd suwoh vaviotion hap been plotisd

in fige ) 3 120 @nd (3 inpase of eir, oxysen and carbondioxides:
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Bffect of Magrmtic field.

Brown (1956 ) hes ahown thet in prosence of & megmetic field the diffusion
: ‘e

coefficicnt cen he reprosented in #rms of the mean square dieplecervnt and 4if

Daxx o D Iy and Dzz are the diffusion coefficients then

2.
— v -
isz - FDZ’H g 3(@1 = amd. (DZZ %1)&
F+ ) .
whore (O = —@—,h—i\- s the cyelotron frequency. Vhen the breakdiown fleld is

etidied in 8 flat oylindriesl cavity vhose length is very short compnred to
its Giemeter and the magnetic field is pleced tramoverse to the axis of the
tube, most of the diffusion takes place perpendiculer to the magnetic fleld
and tﬁe breakdowm Tleld will show veduction in value. The mean sguare of
displeoement travelled by on electron is proportional o Alffusion coefficient
D amd Brown has chown that the effective diffusion E@th Np appropriate to
infintte pé:callel plate will be given by

(/\P)L = Wy + ”)cl- e

o i

N 2
=11+ Qera‘i\\sz,e) ]-/\1

1 () e

i

. 1
denoting the constont (6 L/,m 19{) = C 1t reduwess

Yy

Ne = [l + C HI/P"]/\

| ‘ N -1y
Hence under the sotion of the itransverse magnetic £ield the effsctive diffusion
length increases and the breskdown field in case of a croased electric amd
megnetic fleld is given by from cquation (449)

"" Bo .
Ew/p Leg (A, P> Ne/y)

se 0(4025)
and from equation - (4413)
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EH/P = 2 L”a(Al P 'IT‘/\p) vre (4426)
The values of N\ and /\‘; can be caloulated t‘m'equatiéns (4020) ant (4.24)
and mmé the theoretical expression for Ey / p ¢an be calculated. The values
© of ¢ for Hydrogen wes caloulated by Blevin and iflaydon (1958) and was also
obteined independently by microwove ‘meaewem.ems." ¢ for Yydwogen was taken as
2.42 x 107 . The values of 19, , the random velocity have been obtained from
ra&:tofreq@my conﬁucts.viw measurcments ( Gupte and Handal 1967)y and the
veluas of L were obtained from the values of A (Tovnsend 194;). The values of
¢ thus cciculated are as folloms.

' Hydrogen 2,42 x 10 5.
Mr 55 x 1077 .
. 2. o
Oxyeen i.iSSx 10 . T
-6

4 Garbenaioxido 1.5 x 10" _
 The theoreticel results calculated from the derived equations (4.25) and (4.26)
hava been plotted side by side in each case in the figures 10 to 13,

Hydrogen t= In fig.i0-1 1t s observed that the sgracment is quite eatisfeotory
between the experimentsl results end --bheomticelly caleulated’valws ot (E/p )
both from &'mn and_‘ Kihnm’p expreasions through:oqt *the range of precaure
Weaﬁgaﬁd;’ When the magnetic field is preesent the theorstical resulte
indiecate ﬂmi; the brea!&own voliage bacamee amslley in aceozﬁame with the
experimental vesulis obtaineds The loes of elecmna due to difmsionhacoma
maller in presenee of ma@e‘aic £ic1ld and mmr mltagesare neeeasaxy for
brealdown. For 300 gauss end 600 gause { ﬁgs.lo -2, 10-3 ) the asx‘ement

is good for higher values of ( PA ) 1.0{ for higher pmseure but for

900 gauss the exper:lmntal mault.a are higher than thcse ealeummd bo‘bh fran
the equations o:é' Brown audfxihara:or all the values ei?_ PA magigatgd here,
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Ay ¢~ Figell-\ inclicétes that in obeence o.i’ megnetic field the theoretical
values caleculated from Frown's oxpression are in betier agrecment with az{peﬂme»
ntal results than those calouiated from Kihora's expression. As in the cope of
hydrogen the breakdown volisges are smaller when the megretic field is present.
The values of { E/P ), ecaleulnted from Bpown's expression are however in
botier agrecment with experimentel resulis than those caleulated from Kihara's
theory speeially for high pressure and smell valuee of magnetiec fiolds the
dissgroement becomes more ond move when the pressurells low end the mugnetie
field ie inercassd.
Oxygen $= Fige12-1 indicates good agreement between thenyy and experiment when
ﬂﬁ“ma,gnaﬁic f£ield is present. In presence of magnetic £161d ( H = 300 gauss),
( E/P ) values caloulatd from Prown'e expression are in better agreement than
those calewlated from Kihara's but wide divergence io noted between the
theoretical values calculated from both the equations and experimontal
results when the magnetid Pield is increased and the theory falls quantitatively
to oxplein the results ( fige 12-3 12-4 Yo - |
Corbondicxide 3= Fige|3-| shows good agreement beiween Emmy ard experiment
when' no mognetic field ie present. In presence of megnztic field ( H = 300 gonsn:
and H = 600 gause) ( E/P ) valuss caloulated from Brown's exprecclon ave in
better agreement with experimental results than those ealeulated fram Kihara's
theory speeially for high valms of prassurad. Divergence is noted in éase of
low preesum and h&gh values of mognetic fields
Prom éamparwon of emermmtal and theorvtical resulto it can thus be
concluded that in abgeme of magnetic fleld the theoreticzl and exporimental
results aro eomistené smd diffueion is the :mih alseiron removel procouse
In general ._y‘i;:he recults ealevk: ted from DBrown'e expression equation 4.7 ) are

in better agreement with cxperimental results than those caleunladed from.
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mara'a theory. 1t 16 worth noting at this point that 1T in equation (4.7) s
the expmeeion for eleciron temperature as deduced by Kihara be insorted then t&u

expression for B/P becomee identical in both the casess Ve get fron equation (447)

by putting e _ N (zne)
e = BN

KTz
A exp (- Ber/e) NP (DT = VR

s womsns i< (3)(E) ()

Hrow NEOBTR N = erp (BeF/e)
- P
N 1 3™ P> Ab = exb (Bo /E)
.Tr‘)_ P Lo . . ‘
- N /_3_9:7_\

O 'ﬂl - —:_]T— P Ceo
A p2 wr . AE o= exh (BoP/E)'

— 6

.~ W
o t/P 2 /La’a, (_AlPTr ,\) ‘0'00(4027)

which io cquivalent to aéﬁmtion (4413)

Consaquently "’he ) equmions become ddentical if a suitoble expression con be
deduced 1zﬂependently showving the variation of Te with ( E / P X

Wien the value of (P /p ) is emall and lies below 150 gaussfime of Hg. the
theoretical valwes caloulated are in agrecment with the experimentally ohoorved
. values in @ll the cases stwiied here end the agrecment is betier when calculoted
Lrom Bfam's souation but when ( H/ P ) becows graater than approximately

155 gemee% mue Hge the resulls are in wide div?are;eme,g To make this point eleer
the valuos of /Np/; have been caleulsted for cach gas separately from the
theoretically @orived equation ( 4e24)

2 ‘/L
Ne =N b fC'H/F”}

Por difierent valuse of { N /P ) verying frem 50 geuss/m. of Hg. %o
306 gousefme of Hge To exemine whether the elternation in the effective velue

of \ is in sccordance with ‘.:hc thaorgﬁmlopeﬁ, - Np / N has also been celoulated
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grom the experimental results s follows. Ve have from equation (4.13) and y(4.26)

E/E, = Mg (APTTIA
. A-c*% (A\Pﬂ ,\>

>(E/EH -1)

ov AN -~
P/f\ - <A‘ PR eee{8e28)

The theoretical and cxperimental values of ( /\?/ A ) for all the gases have been
plotted side by éide'in figelf-A,b,c,d o It 18 observed that in each case the
experincntel valuos are quite close to theoretical values for (H/p ) (150 zeuss/
meite OFf Hge but for higher values there is wide divergence. This indicaies that
the concept of equivalent pressure upon which the deduction is based becomes
invalid for (H/P )> 150 gauss/mems of Hge This fact hes sleo boen observed by
Haydon (1961) « In & previous ‘paper Sen and Gupte (1964), 1%t was 2lso cbaerved
that the constant C = ( —f—n-- —115: 2 does not venain constent ep the random |
velocity chenges with megnetic ficld and hence %he constent C becomes & fumetion
of the megnetic fleld, Further there is much uncerteinty in the valuss of the
moleenlar constonts introduced by Hihara znd this logether with the weertsinty
in the values of C can explain the divergence observed between the values of
breakdovn voliages cbserved in the precent imvestigation and those calewlated
theoretically,. | |

The theoretical deduction ¢ arried ous above camot be rezarded 28 rigorous.
Better agrecuent with experivental results can be expecsed if the magnetic £leld
is introduwed into Boltemen transport equatica from which the eﬁergy digtribution
of cleetrons in prfaseme of magnetic field :nd the rate of 4onisation can be
derivede %wevér the above discugslon clesrly indilcates that though results are
better emslainedaaﬁm'a theoxy, K:t.gmmi'é _molécular ?neory' of radiofrequency
breakdown can also explain eaﬁsi@bﬁcrily,“&hn experizental Tosults at leaet

qualitatively specially for low valucs of magnetic £1eld and the genmeral |
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equation cen be conveniently modifled to tske into account.the phenomena of

attachnent end the effect of magnetic field,

REPERENCE S.

' Blevin HoA. axd Prow SiC, (1950) Aust. 3. Pyoe 11 18
Brown S.Ce (1956 ) Hond bucho der: Fhysik Springer IX’rﬁg Bn;nn

Broem SQG- (1959) ‘Baaic data in Flasme Physics, Technology Prees M,I.% &
‘John Wiley and Sons Bew Yorit,

| Teas H.De and Faoleus KiG. (1949) Pudds tegs 40 460
Ferrittd L. end Versonesi B (1955) Nuovo Cimento 2 639
* Gupta ReNe 6nd Uandsl S.K. (1967) Inde Jo Phym. 41 251

Hevlue ,M-A. and Bvowon, $.c. (1948) Phwp Rew. T8 24f
Haydon 8.C. (1961) Froce Inte Cong. Tons. Phen, Cases. Munich 1 1 63
Kinara To {1952) Teva. Vode Thyse 24 43 '

Iax Bey Allis W,Ps and Erown 8¢Co  {1950) Jo Appe Thyse 21 vur

Sen S.H. and Ghosh AKX, (1963) Consde J. Piyes 41 1443

Sen S.Ne and Gupta ReH. (1964) Ind. Je Physe 38 383

Son SN, ond Httacharjes B, (1965) Cansd. Jo Tiyss 45 1543

s.n"s.'ﬁ. and Battocharjes Be (1967) Joure Payse Soce (Japan) 22 1477
Sen S.¥. and Mattacharjee B, (1966 ) Canad. Jo Phys. 44 3270
Tonnsend JeSe (1947) Electrons in Gases. ifutchinwon Iondone
Tovnsend JoSe and G111 EgWaBe (1937) Phils Mog. 26 290

Von Engel Eo (1955) Ioniecd Gases. cm-.mon I’mes Oxford.



-t 115 =

SECPION B,

A AR

IRTRODUCTION.

In continuation of the work done previously by Sen and Ghosh (1963)

the brecgldown of & gas oxpdted by a radiofvequency fleld of frequency varying
from 4 Mo/ese to 12 Mo/asc hee been oiulied in a transverse magnetic fiold
in euse of helium, neon end argons The breekdown of a ges in o high frequency
field in presence of & magnetic field hae beon stutied previously. lost of the
previous work has been done in a rvesonmnt Pield, the frequency of the applied
field ond the megnitule of the ma@,mtié field being suwch that the rolation

f appiied w €Y rme wes oatisfied. It wAll be of interest to sec the affeot
of & nonresonant magmetic field on the breskdown potential of a goo when the
megnetic ficld is for yemoved fyvom the msqmme valwe, 88 regards both the
vaiuw of the breskdown potential and the shif-és of pressure for minimum
breskiown vblt-age. The condition for the breakdcown of a gas excited by high
froquency electramagnetic waves depende mainly upon feotors awﬁ a3 the
preseure of the gas, the dirension of the discharge tube and thé frequeney of
excitations It is well Imown that two Gominent factors by wh:i.’ih sleotrons are
oot from the disghorge are @iffysion and mobilitys It has been fouwnd thot when
the pressure of the ges is high ond frequency of excitation ie in the microwave
regiony the electirons ave lopt mainly by diffusion. The results of brealdown
émrimentol of section A whore the pressure of the gos hes been maintadined in
the millimeter range, the dimension offhe discharge tube is such that the
electronic mesn free path 18 much smaller than the length of the ‘discha:rge tube
end the diecherge i1s excited by o radlofrequoncy voltege show thet wder the

eircunstonces diffusion is the only dominent factor for eleciron removal prosesve
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Thie section however reports results when the pressure of the gas is of the
order of a few microns and the length of ‘the' aiacﬁmge tube is large compared

" to the maan free path of tho electrons end the frequency of excitation liee in
the rediofrequency region. The obaagw‘: of tho present paper is to develop a
conpietant theory which con explain the obsexved resulte. Kihara (1952) starting
from A molecular model hap advonced a theory regending the brekdown of a zas
when it is excited by a radicfrequency fields In the r.f. field, the loss of
@lectrons hao been ascribed to diffusion and mobility of electrons. Sen ard
thosh (1953 ) modified Kihara's theory regarding radiofrequency discharge ( 1852)
by the introduction of effecta dwe to the mognetic field 2nd deduced 2 new
exprossion for the breakdown voltage and alsp the prescure at vwhich the
breskicwm voltage becomes & minimume. To supplement the verdification of the
theory deduced by Sen and Ghosh (1963 ) previously and to extend it in cage of
othor gsses under identiecl conditiona of breckdown in 8 nonreponont {rongverse
nagretic field, the preaent work hae been mderéekm and the paper reporto the
results in case of helim, argon and neon when excited by e rediofrequency
field of frequency varying from 4 to 12 Me/sec end & transverse magnetic field

vexying from gero to 120 gauss.

EXFRRTENIAL _ ARRANGEMENT.

Tie breakdown potentiols have been determired in the scme way 2o hae been
done by Sen and Ghosh (1963 ), G111 and Von Fngel (1948 )s Tue source of refe
oscillation 46 & funed plated tuned grid omeilliator eovering the frequensy
range 4 to 12 Mo/sec and the output can be vaﬁ.eag aeontinuusly from G to S00
volts. She output remess veltage 1 peasured by & vacuun tude volimeter. The
Qischerge tube with two ouler electrodes is placged at the cutput of the

dotoctor and the pressure of the gos ie measured by aad INdward Perming Flyad
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veown gaugee The voltage from the radiofrequency source is increased gradually
witil & glow appearn at the discherge tube ond simultaneously there is en
1rdication of & £all in voltsge at the output voltmeter ( internel impedance
50000 omﬁolt). This perticuler voltege 1s toten an the breskdown voltage. .

- The pressure of the Piraml gouze is eaubrated :miiviaual!,v for esch gose i’m
breakiomn woltages have been masumd in the case of pure and dry argon, neon

and helium, which are spectroscopically pure somples and supplied by Brit.tsh

- Oxygen Cos Irtd. The mognetic field was provided by an electromagnet and observae
tions were made for magretic fields yanging from 30 to 120 gaues wit%-x the lines
of force of the electromagnet 2t right engles both %o the length of the

dischorge tube and to the divection of the elevtric fielde Xecping the magmtic feald
constant at a particular valus, the pressure of the gas he.a been varied and |
braskdom voltoges determined for various values of the presswre of the gase

The sane procedure has been repea?bad for different values -pf thé hagnetic field.
The experimente have becn repeated a large mmber of times with wide intervals ‘
and the resulte have been found to be comsistent, the variation of "EL" was
found to be within + 2 volts, whero E 15 the bz;eak;iown voltege oy em amd

5 denptea the length of the tube.

RESULZTS AW I)ISGUBSION.

The values of the breekdown potentisl have been plotted for varicus valuee

. of the pressure and for varj.om values of the magnetio field in care of ar,gon,

neon and heliwm in figuresiS, (¢ and |7 reapectively. Also the curve of
brmkdmm voltage aga:!.nat Pressure has been plotted in the abgerte of & mmm
ﬁem in the three figurel for compariaon, Experiments have beon perfomed for
values of H = Oy 30, €0y 904 120 gauaes: It 1e ohsarved that the breakdown
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voltage alvays incresses in presence of a magnetic f£ield for all values of
greaam ‘and {¢w preessure at wmch‘ ‘the breakdown voltoge becomos mi.!ﬂ.ll.-. |
ey cmemts to higher pressure yhen the. magnetic ficld is applied and this
value increasss with increase in the megnotic field. The experimental roaul’ﬁa
 are entersd in Table I and II ant ITI whore B, and B, ere minimm
breakdown Yoltage end the corresponding pressurve amd ( E, )m and (P, )ui.n

are corresponding quantitics in magnetic £ielde

PTABLELT
¥intm R a R P '
Gas | bresikdom mﬁc (% datn , (o ¢ )'1". (™ duan
yoltage in Exporinental paleulated from . jealo. from
EEE | tnmme | pawe (44) 1 mam, Eqm. (415) mame
. volts : .
(I‘Qﬁo.o) '
130 ' 0 .\:285 226 4
140. 30 325 o251 252 -
Avgon| - 145 60 «350 o261 263
155 0 375 | o.me 286
- 165 120 . +#00 | 306 : 312
TADLE o II.
Minteum | tegoetio | . '

Gas | breakdown| fiedd (P dm Paan® (% g | O P datn
voltage in gauss Experimentel | calculated frem | calo. from
volts in mem. equs (413) 1n mume | aque (4%) mem,
(remems ) . :

160 30 675 -651 -

Neom 170 60 750 704 «762

1 85 B Y £
% % 850 812
190 120 928 | . 768

!
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2ABLE 11,

Helivm
Minimum Magnetlc } (o ) » From the ist set of valuss e 208 get of
brealdown | field in ' R 1 of the conste. given by vep of the const,
voltage | CGouss, | Exobe dn | gy, ven by Rihara
wcmlts ) Rellie _
TFelle B,
® (PH 25 (PH )Em (P“)m
caloulated lesloulated calcuinted
from Tgune &) [fvom Bqune { from Equne
in mem, (+#) 4n () 4n mame
Helile
120 0 .85 .70 876
140 30 100 () o763 1.08 117
150 60 1.10 82 o84 1-19 1.42 .
160 90 1,20 87 . 91 1430 1469
170 120 - 1.35 ,091 0% 1042 10%
o apsertain the dominont causes for eleem'on rexoval pmceas unaer the pr@sent
experimental setup the mllowing pointe can be notede
(e) Assuming that the meen free path of the electron in the gas is given by L' = Va,

where Ae ie %he coqstan‘c introduced by Townsend in his theory of eleetrmal{aisclwge and

1! 19 the electronic mean free path at a pressure of 1 memy the velues of L' ean be

caloulnted frem the valwes of the eonstont A, given by Drown (1959),

PTABLE w IV,

GAAS A | B
fonpalrs in om.
cme ume OFf Hge :
Argon 4. o714
eldium 3 03353
Neon 4 #2500




'r:/aotml valuss Of mean mo path axa hmrmr muah amaller as has been ahown by
Townsend (1947). The general range of pressuve under which the present experiments
m been carried out vary from & taw microns to 1.5 mme of Hg. Teking an

mrage value of pressure as 250 /4 -aho meen froe peth\pf the elsctron becomss
002856 om, 1,32 cm and 1,00 cm. in éaée of avgon, helius and neon respectively.
Hence wmder the prepsure ccneidered the rean free path becomes much samaller than
the length ofjthe discharge tub-'(now ). |

(b) The. colMsion frequensy ). = Ci/\. - where C; is the remdcm velooity
and assuning an avemge velociw of 10 en/pece the collision momncy 18 nesrly
1 9 ayelen/ees whoress the frequency of the exiting ratiofrequonoy f1eld de

6.4 ¥o/sec and hence the cemaion frequemy As much larger than the applied

:rx-cqwncy. R
(c) The. anpliﬁne of. oaoimtion of the clectmn is given b,,' Bmwn (1956) s
U € Ep | a .
o (3)1‘—\— 007’ 2. ‘ 00“029)

whem C h the £ield intensity, ’)) the colnaion m(momy and since ) > w
tha amputu!o of oacuiatian is givon hy

LN }
.

x = e‘EP/fmwa)c |
‘ o vee(4e30)
m-smg the valws of E; = 13 volta/empom 6,26 x 604 x 10% and D = 10%
'x~o 52 cm whieh ie muoh smeller than the lengﬂ: of the dimharge tube. Hence
thou_gh'an the oledtrons cannot sweep over completely scrose the tube and -
' e’omdé;'.wzth the walls on every ‘half eyole, those elootton’g’ which are very near
the Walle will be Gwept over to the walls and be losts |
| Wer ‘the chove conditions, the electrona moke many . eollieﬁ.ons for eaoh
:oacﬂlazion,of the field land 4rift 09 a elauﬂ in the field, !Z‘he:lr mtion can bc
desoribed by a mobility temm and as the presoure is Qomparatively low and

exciting frequency 1o saall in compariceon -with collisi_‘qri fnqmmy, the above
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calouiation shows that the amplitude of oscillaticn is finite and some elscirons
are lost due to mobility; Gonseqmﬁtly the loss of elscirons cen malnly be
attributed both to mobility and diffueion.

| When the diffusion is the only electron removal procesg, the theory of
breckdown has been worked out by Herlin end Prown (1948), If for the sake of
srgument we negleet the loss due to mobility and assume that the diffusion is
the only electron removal process then sccording to Kihara (1952) the breckiom

voltnge E is given by
| Vo '
S0P -[1 + (amenY | = 2 Ly (APTA)
E 1 0,0.0(4031}

whare Bo is the conatant introfuced by Townsernd in his theory of electrical

diccharge, 01 » A1 and N\ are the molecular constents introduced by Kihara
and N\, 1o the wavelength of the emeiting radiofrequency fields Putting the

o
valwes of G, » A, a3 given by Kihara and V\Damﬁssuningl’mmo/u the
mmerical valwe of the term ( C\/A‘ PA, )2. beccmes negligible in comparison

to unity and the precsure at which the breakdown voliage beeomes minimum can

be caleculated te be
_ _ 2 Emin/B,

Prin, =

eeel4e32) .

\

The velues of P . can be thud be caloculated for the three gasee and results

min
are entored in table V where ths valuss of BQ have been taken from Irown (1959),

PR ¥,
in meme ~in Bem.
Avgon o144 | .‘285
Heltun o765 e85,
Yeon .30 0625
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Thus 1t ig observed that theve 1l.ﬁ1§e'd!.véréisneq bé‘we?n‘theoretieal and |
gxpénmntal values of B, s 1t cen be conoluded that diffusion camot
alone sscowt for all the lomsese o | ’

Consequently in our present ngo:::k Kihara'é theory has been used t__o explain
ths result, because he has token both mobility amd diffu;ion as eleetrc»uf‘ |
veuoval pmenncé._ It 1» mted as Kibara suggests that his ’eheéry loses 1te
volidity when w/ NN /.;;.'.>>1' where cb -19 the frequency of the epplied field,

7\ is a molecular conatant introduced by Kihara the mmerical values of \
for various gases hsa boen glven by Kihare and § is the mmber of quleculel per
tm:l.t volume. As the tmqmncy siaployed in the experiments ie of the ordar of
Ged Ho/m, the thsory is not expected to hold for pressure less thm' ﬁ/‘*
e when the valuss of o 5 K and 7\ are -menia, the loft hend side of
the eqwﬂ,oufbtxfeoms greater then wiity when P is smaller than 15 A o Further

1t hag been shown by Kihara that the breakdown voltege B is given by
| -~ E/B,p
Be P : = A FL[ - L Dol
exp (Bo¥/2E) Al- vy
where B is Tovmsend's constant aud -

A\ - (N/P'rr>(.3°ﬂ7\/c )

C, is another molecular constent amd C i is the random velocity of olecmne;.

ove(4:33)

O’ is equivalent to the collision cxuss eeotion, and A, 1e the wavelength
of the Tefe voltage; from equation (4.33 ) (P)y, » the prescure at which
the breakﬂowu voltage beeomen a minimum s.n gﬂ.nn by

Z (2 Emen L 2 A LE7[B>
fmm ( /B> 08( L ...(4.34)

The vduss of (p) 1y Ve been caleuletad ::.n the case of argon, neon exd hanul.
The values of Ay have been providad by K:lhnra (1952) 1n his paper and the
results are entemd :lntq the ﬁ,tfﬁ; .q.oluan of table Iand IX ror argon and

necn meﬁsqﬁwly and in the fourth column of table III incase of helim; the
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reculis are some what in agreement with the experdmentel veluee in case of
" argon and neon end the disoripency cem be attributed to the uncertainties in
the valuss of the comtém; involved in Iﬂhﬁfa}tgz theorye. The dipcrepancy 1o
more in case of heliwm ¢ It 1s however observed that Kihavo in his paper has
given two values of the constante in case of heliums If we chose the second

set of velues of the constomts in ceze of heliwm then the results are in

qui'i:é good agmeném with the experimenial v'élms,- The theory given by Kihera |
ie only velid for one Qimensionzl treatment that is when the avea of the eleatroe=
des is large cnough in comparison to 1ts lergths In our exporinmental setup

the length of the diecherge tube 18 10 cm end radive of the elsctrodes is 5 om
80 f:l:m the area of ths electrodesn hecomes T8eH 8de cmo Thie doee mot
essenmn_y Justify one dimensional treatment and conséquénﬂy an attempt has
been madé to caleunlate the breskdown voltage by couéiﬁering both the mebiliey
and d1f%usion loss in three dlrensions. ¥heh & super-imposed d.c. field 1e
pregent in addiﬁoa L2 vomitm\g. radiofrequency £ield the eontlnuity equation ie
* given by Vernarin ond Rroma (1950) as

dn _ 3y 4D Y™ - die (MR Epc)
At -
| vee(4e35)
amd the breakdowm condition 1s given by X
oy = Y o+ (8 Eve/on)
’ . ' ooo(@o?ﬁ)‘

wheve N\ is the diffusion Jength of K is the mobility end Dy the @iffusion
coefficienty the effoot of the dace field i6 to inmcresse mobility which is the
seme effect produced by the raﬂiofxéquemy field in addition %0 lose Gue 4o
diffucions The effective radiofrequonoy £ield which will produse the eume
effect 29 the dec. field i E .(vf/a>f+ w‘) and a8 Y, y) W the
effontive fie;m becomes E and the equivalont diffusion length booomem

Yy = Y = Y +(ReEf) =Y +(E o)
o * | o voee (4037)
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where TQ ic the elasctron *iempemtwa.'mtﬁing the value of 7, as deduced by

Rihara KTe = 2 Y m-?)ﬁ; (eE/N)

omd D = (3-'0/“4?”7\/@) ’exF (- BoP/E)

@“ej/d% 3\ 2
(pZP=?) exh (-BoF/E) =<%\2)+Q77)C—‘3) (479

and the presswee at which the breokdown voltéga bédomes & ninimus i given by

(M™% ) [1 - B°F/2E} = erp (BF/E)

voo (4438)

Ceee(4439)

where o ie & constant for e perticular ges and is given by o(:(%)(l\‘ﬁ)?‘/\-f
Por the valwes of pmsém at which the bmskﬂéwn vc’.ltag:e becomes minimum, for
the thres gases studied here, the left hand side becomes negative whereas the
rignt hend gide ie always positive and hence the equetion cannot hold end a
three éim@mional treatnent gives: nasatﬁe results. Consequently tﬁeugh the
experimental setup Indicates that the three dimencional treatment is necessery
the oxperimental resulte imlicate that a major portion of mobility and diffusion
lopges take place along the axis ﬁﬁibwm:m the field is epplied,

When the magnetic £ield H is epplicd, Sen & Ghosh (1963 ) modificd Xihara's
theory by introduction of effects due to megmotic field es regards the change of
mobility anfl diffusion and deduced the expression for the breakdown veltage
in the pressnce of a magnetic fleld as e /B . |

) o R
exp Eél: 1+¢ H?-Pa'/z] = APL(1+ cHl/pz)/lE e /,3 (1+cC HL/PL)}
cee{4e40)

amd | / /
P 'y Y 4 - Ey B.P
explZe 1+ /) ] - A PL(+ 47 [1 (/N @+ C e

,:9;0;0 (4041)
Equation (4440) wan deduced on the empression for equivalent pressure inm
presence of magnetic field ap given by Tovmsen and 6112 (1937)
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— o 1 ¥
(7\“/??\ — (i + C H'L/Pm>

B N2
where C_’—'(%' CL)

wheve I 4a the meen free path of the electron in the gas at a prescure of 1 R

wherean equation (4.41) wap deduced on the expression for equivalent preesure

given by Dlevin & Heydon (1958)
1

7\“/:f—\ TG +CH1/1>°“>‘7;

L

wheran C, wan obtained from results obtained previously (Sen and Gupta 1967)e

L_’ 2
To calewlate (C = (—6—%— . T) L/ wan obtained from table IV
) .

The values of ¢ have been entered in the tcble VI

TABLE e VI,

Gas ! | Gy 1078 ' G-
on/sec :
ofy
Argen 0714 12,65 «97 = 10
Xeon 2500 13,2 11 %107
Heldus 3333 12.40 2,17 x 1072

The solution of these {wo equations for E, one without the magnetic P£ield ard
the other with the fieldy camot be perfomed in the usuel way and hence

s
trensendental solutions of ihe o equations hava been obiained. Curved have
BQP/ILEJ

Cal/n
against E, theintersection of the curves giving the values of F at the

beon obtained for €xp (BoP/2E)  againet B and also forAPL|I-

particular preesure. The results are entered in Table VII and the graphicel

resulss for this pressure ave shown in fige1 8-2,b,¢ amd 19-a,b,c |
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PABLE « VII,

\ “NEOB HELIMM ARGON
‘ 24828 '
¥oge "¢ wltefom B volte/em |E wolts/om 1E wolts/em  {fvolts/em Jevolts/em
a Theoretioal | Experimentad | Theovetical |Pxperimental Theorstieal rﬂ.mental
auvss .- o &s__ v
0 1068 | 3.6 116 1.8 10605 181
30 | 112 | 145 1148 127 | 10025 | 127
60 115 154 12:15 13,6 1004 1349
90 11,9 1643 126 1445 10475 14,0

me erme pmcedure has been aﬂopﬁed for the caoe when there i8 e magnetic £isld omd
curves obtalned fyom equation (4.40). It 15-notod thet agreement is quite satisfactory,
and shows thet the breakﬁqm voltage ia .alya'ya higher when the megnetie field ip
procent than ﬁha?; without a fieldd. Slmlar caloulations have also been cmied%

out for other values of pressure and 11;'18‘ foimapthaﬁ the breckdown voliage ie_l

alvwayes higher than when no mognetic field is .presonte The agracnent 1S satisfoctory
not only from the qualitaﬁve_ point of view but it is also quits goeﬂ“@uantitativel\v.
conpldering the apnroximations mlvea. The -peme reeult wag observed oarlier in cage
of other goses by Son & Chosh (1963 ). Tovmsend & €411 (1937)s The valus of the
pregsure at which the bmakﬁown voltage beccms oinimum is obtained Lrom equation

¥

(4040) by the coxﬂition
\ e BE“/b‘? =0

A . OB )i A C H*
|/2. Bo :AL_ \ :'71M'h_ .
ez _@D_th‘)zm:a_i,uc H’/P% }/——2 . SN (e

, o.ooo. {4.42)
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The second term on the rehes. of the expression hes been computed and its numerde
cal value has been fourd to be nogligibly small in comparison with other terma.

Henee

R e

ooo(4443)
and in the some way we can obtained from equation (4.41) the pressure at which
the breakdown voltaze becomes minimum i.es ( By )mn vhich 18 given by

| 4
En e QQEH>MA|L =0
—4'—33%“ by

eee(40ss)
The walwes of ( )min have been calculated from both cquation (2.43) & (4444)
and the results entered inte Table I, II & III for different valuss of the
magnetic fields From 8 comparieon of these results with the obmerved exporimental
values 1t 18 noted that both the equations predict & shift of pressure towards
higher valwes than that in the abpence of a megnetic field though the quantitae
tive agreemant 18 not very eatiofactory; further in case of argon and neon for
Hldor valusg of magnstic field equation (4.44) gives better values then equation
(4043 ) in comparieon with expermént;al resultas In case of heliwm we get two
setm of valuee corresponding to iwo sets of constente given by Rihara and the
resulta corx'éaponding to the second set ere more satlsfectory then the results
obtained from the 1at set of conmsiomts in eomparison with mé 'experimental
rosults. In the mecond set we find equation (4,.‘43) given betler values than

equation (4;44) for higher valugs of megnetic flield,‘:
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I+ is further obeerved thot in case of all the three gascs the disagreement _
with the experimental results is more in cese of ma@etie 114 greator than N
S0 gauoss @hi.a is to be expected becauss as haa beon shown earuer { Sen and
Chosh 196¢> » Cupta ani Mandel 1967 ) that the equivalent prescure oomept
i8 valid for a limited range of pressure and mognetic field and speclally for
segnetic £ield less than 100 gouss. Bosides, the theoretical deductions of
Townoend and G411 that

—_— —_— el B

D KH = - K 1_
ard where

Dy =

EH is the wobility coefficient and DH the diffumion coefficient in presence

of magnetic fisld are aleo valid for a limited ranges of pressure ond magne$lo
field. The thation 88 to whether Dy, varles mvemaly ag u)H or W, mg mt
yet boen settled beyond dowbs ( HoRk 1761), As has been pointéd out eaxlier the
diecrzpémy between the theoreticel end experimental results ie to ba rartly 1
attributed to the ineccurecy of the moleculer constonts intreduced by Kihare in
his theory. Particular reference should be made to the values of the constonta
for helitm in which csse two sets of voluse have been given by Kihara end as haa
been shown sbove, 4f calouletion is made with one set of values mwh*it Sor agree=
ment is obieined with experimental results thon that caloulated féim the other
s@t; In faot it 4 one of the maiil arm:bmké from which the theory suffora.
The value of the constent C hes beon caleulatéd in en indivect way end there ip
no alternative method to tost ite securscy. Further 1t has been shown by

Sen and Gupta (1964 ) that the valuc ccnnot be regarded as gonstant but varies
with the magnetic 1014 and 1% becomes o function of ( H/ P ) is variction
of C with { H /P ) may alse acecunt to a eerfﬁ.n extont the diecriepgmy
beiwacn the tiieomtical and experimenﬁal redults for higher valven of mognetic

fﬁ.@ldq
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Thue 1t cen be.conolwdod thet within certain limitetiona, Kihara's theory
of radiofregqueoncy discharge can explain’ quita' satisfactorily the obgerved
experimental results. then mcxg;étic {ield is oppllied, the theoory put forward by
Sen & Ghosh {1963) by éodifyj.ng Kihara'e theory can expi'aﬁ.n not only the
increase of breckiown voltage quantitatively but predicte quite woll the shift
of pressure for minimun breakdowm voltage and this poper showe thet the theoretieal
resulis are quite general as the experimental vesults are explained satisfactorily

ot only in the case of gnoleular gases but in the cose of iwert gases also.
N\, '
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