


A. lWliotrsq•OOii bt"Gakdcwo ma~nte (a) .Wit~u.t magnetic t1el4 (b) With 

crossed etecdJ ~tic field. 

ApJ)8.1'fltue •· 

(1) B.~ •. Oaoillator (2) Eleo~t (3) ~SDi. Pe~ Oauee (4) ~l'O'W!"l ~ter 

(5), C. eenemt1on lD1 purification system (5) ~t Punp. Ibfo:t'f) the aotml 
;F.. , 

esperi.ment 18 etarted1 :t.t to m~BSar.f to ol!llibrata the a.m. Oeotnator mad 

the Eleo~t" The radiotmquomy oec11ltDr is a tuned plate ttmed grid 

oeoUJ.ator desipd tor sene:rat1on of voltages in the ou~put ~ of frequency 

4 Jlfo/s to 40 Vs:/s in three stases.• Th$ oeos.Uato~ tu~ OO$d was of the ._.an. 
b plat0 wltsse· o:t th9 oec1llator tub~ 1e auppl1ed bom a· tul1 wave fttlttfter 

oimuit uai.nS tube of the tppe 5!4G'f •. :ihe inpUt of tlw :reotitier e:lrcutt :le 

mede vartBble by mana of a var.~.ac· coli.'Mcted be"tmeen the mains~ iD,.wt 

te~ ot the transfo~r used.~ the :rectifier oi:rouite Iff tbie ~:nt 

the plate voltage o:t the R.F. oeoilletor oan be varied ~rom-20'0 and hence b 

H. F. output. !he ccmpoeita c11'0u1t 1n ita empleat form io gtven :I.Jl: ftg. (1 >~ 

To celibratAi) tlJa oea:J.lletor tor :.frsquenoy1 the abeorptton we.veme~r ae weU as 

the commd.cetion·recetvar.~:~n:.Uood''~~ me~nte of trequsMJ' 

were made w1 th the absorption wavemettW. Then u.t1.nS the receiver tM final 

measurements ~1-e tmmn for :f.l'eque.o::u coft'eCt ~w .0~'1 Me/e. '.the 11¥0 41&1s 

of the col'df}neem e.r& gtvan f.denttaal marks and :1.1!.1 cGU.bratad tn ter.ne o£ 

.the :fi'equemy~_ A cu.1."V'e 1s plot~<i t'or dial reading ageinat f:ntlqU9DOY ftso ( 2 )~ 

~ elootrom~t is calibrated ming twQ difi'ez-ent methode v121. ( 1) 

by u.eing· gau93 meter and (2) by us:t.ng a b£\ll$etic galvanometer. ~ caUbrate 1t 
'l 

by usin§ a bal.U:lEJtic .gal~t$'l' and search co110 ·. t.he ·galvanometer oonatEUt 

ts detemined fi.ra.t usiZJS a stanam:d solenoid fie• ( 3 ). Wbi!n the seco~&.17 

of the etentlam eoleno1d 18 oon.oooted to the GSlvanometar, t.he inatantemeo• 
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produces a 4.•fteotion " cl., " stven bJ 

'2.. 2-' 4 IT fh. I 'YL2 '1" 2. 1 

(R+ G:). IO 

where l< • ·:·a constant o:f salv~ter 

rn.., • . nunber of primm,' tum. I om 

rn2. • . to·tal n\Bber of eecond~ ~ 

'Y'z. • radiue ot b eecondary coil in ca. 

i a CUI"l'ent through the prima:ey of the aolemid expreeaetl in Bmpv 

~ eo GalvtallC.lMter re&ieteme 1n '.obuJ. 

R :o xesistnnce of the tlieeom'iaey o1reu1t 1nolu41ng the eaa:mh coil. 

'l'tw :reeiettm:"Je of the ee&reh oo11 :i.e a tew obn8 which 1e ama1l ccmpared to t'hs 

total reoietame ot tho aecol¥1fll7 oiroui t. which is :row thouear¥1 obm&. It naw a 

untfo:m ~tic field His devoloped through thia eeoroh ·coil, then tltm 
" ~· 

linked '111 th the aea.rch coil is 4 -rr n j r';, '2- and if this ch~ of nux . 
produces on obsel"Rd threw " cl2.." 1!1 ~alvt.mamter, then 

(R+ G.) 
= K.&.:z. 'whlwi 

H 

evt..3 • ntaber ot turna o~ Mmh 

· ·· · oot.1· 

'13 • moan ~1ue of search coil 
tum. 

( ci:;_ ) . T. 
( ~... ,. \ 

••• -'• i.:,.J 

1\m MJts a! oboo:rvatioM were made wi tb two ~JEJatOh coila ot tifferent ntmbe~ ot 

turns and~ t wae asalD'!d that the rerd.stame of the oocondary o:t:rou1 t remains · 

U!'J9tfecte4 .suo to the small ~· ot. the 138B'l'Oh coil tu:rne~ 
·_.·, 



'Reeul tra 1 Iengt11 of primar:; coil o 50 em. 

'total nm.ber of primm-y coil turn~ • 250 

D1emoter of the primary co1l m 7e2 em. (BTOrage ) 

:t.ngth of tba secondary co11 • 9 em. 

·Diameter of the secomary coil • a. 5 cat. 

~tel. nuaber of secondary coil tum • 1000 

' 
~ ourr&nt tapo D9tlection of Gal'Y8nCIII:eter Average 

(am.) deflection 
Olf OD per emt>• 

2 21.5 21 10.6 

1 . 10.5 11 10.7 

o•s 5 5.5 10.5 

Mean detleotion 
of galvtl'I'Jaleter 

amp. . 

. 

10.6 

Current thz\':luah the :oe:neetion of galvanometer (em) ~et:lc field 
eleetrot'k'l@let (amp.) Olf o:w Gause) 

~~·=·' -=t:OtH - t5** 

4.25 12 13 3044 

4 11es 12.'6 2957 

,.25 10~6 11 2630 

2.5 9 g.e 2272 

2e25 8.5 8~9 2110 

2 7.7 7.J9 1995 

1~5 6.4 6.6 1500 . 
0.75 ,.5 ,~·g 9(17 

0~5 2., 2.6 590 

··e:e:'= 



Mian radius ot f!f'larcb oo11 o o.a em\) 

Total. nl.Dber of search coil turne :a 100. 

- .. 
Current through the 
eleotranagnet (amp.) 

4' 

3•5 

3 

2.5 

2 

1~5 

1 

0.5 
: 

0.25 

Deflection of galv~ter (om) 
ON OJP 

17~3 " 18 

16 17 

14~9 15.2 

13.1 1;G6 

11.2 11e.4 

9 g•a 
6~7 t: 7.1 

, .. 3•7 

1.7 1~9 

~tic field 
. Gnuea) 

2955 

2760 

251, 

.22JO 

1900 

1575 

1153 

I 
597 

304 

The calibration iGJNpested by mans of .s gaueaneter~ The gaUliJI!ImGter comd.stll ot · 

a nctanguler coil :rotated along the a::d.e paaein8 through. i t8 plane by e. · 

eynobronDWJ zootor of 50 o/e •. When th1e rotating coil is placed po:rpendiculcr to 

an unifom ma.gnetic field) thG 1ndwed a.c •. ' •~m.f. is generated in the .coil 

which iEjmeaeu:md by • o,,R,o"·· !hs O!n.o~ is calibl'ateu p:re'ri.oualy by emaU 

s.o. voltage of 50 .c/a applied from a souroo sttoohpd tJ;> the o.:n.o. ttsclli' • 

. The output 1ndooed vol ta&'e f'roo1 the g1~o. me tar tor magnetic field strength of 

one gau.cs 10 taken. from the data supplied by tbe manutect1Jl:er. Dt1r1ng 

aeaatn"emente the c'tll'rElnt thro\l&Jl the eleoti'OOl8gllet co111a gradusU¥ increased 

until tlle anpli t\de of the output a.;;o~: voltage sboW8 a diaorete value.: The 

o'l!I!'Hnt then 1£r noted and the corresponding m@let1o field from the o.n.o. 

calibration of empli mie length I volt 'is obtaimd~;· 



ReeuJ.te .. •· 

Amplitude of the output a. c. Yol tfl8e I gaues of the gaueemeter eupplled by the. 

aanufec'tt\Ter tt RawliOl'l Electrical lnstrmlent Co~ 081l~r1dge, IBM8~ 0 U.S.A., 

e o.1a 11¥' I puss. 

Calibration of ceeilloscope acnen a-

. Applied vol tege (50 o/e) 
to c.R.o~ plate alor18 
'3 8ld.e (wlt). 

o.5 
o.2 

-
o.1 

. ·. 

. Current through. the coil of 
· the m~t (amp. ) 

Amplitude of wave Ampli tu:le lvol te Mean ampU tude 
~m (em.) · volt. 

10.2 ;. 20.4 

' 3.9 ,. 19.5 19.96 

., 2 '· 20 

. . 

Amplitwle ot th• wave :tom ~Uo :tleld 
(em) (gauaa). 
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A calibration C'Ul'Vf1 is dratm of the ~tic field against current in the coil 

of the electromagnet tig. . ( 4 ). 

The measurements of the breakdown potential of the gas 1n radiofrequeney 

:tield haVe been dono following the procedure of Gill and Von Engel (1948) enrl 

Sen and Ghoeh (1963) • The arrangement is shown in fig ( .. :~s-). The R.F. voltage 

:Le direct~ applied from the eoUt'Co to the electrodes by me~ of' 7>-\?u~ 

cables. b r.m.s •. val-oo of the voltage ie measured with th9 help of a v.T.v.x. 
conat-rt¥lted :tn the laboratory using a(6 Slf 7) tube • The range of the V~T.V.}t. 

1e 500 volts r.m.s. The plate voltage of the oscillator is gradualq imreased 

and hence the r.f. applied voltage to the vessel also inoreaeee. At the point 

of breakdown of the gas the v • T. v .M. reading ehowe an abrupt fall of few vol te 

and simultaneously a. glo.' appears in the discharge tube. This point is taken as 

the breakdown point ani the corresponding r.m.e. value of "lnltage indicated by 

vol ~ter of V. ~. v.M. :lejtaken as the bzoeakdown voltage. The- whole experiment ia 

perfomed in two rfmges of pressure. The measurement of preseu:re in the range 

o.; nm• Hg. to higher pressl.l!'e is done wi tb the help of a mercu:cy manometer• . . 

The manometer is oonneoted to the system and its vapour is prevented from 

entering the discharge vessel by sorrotmd.i:ng its passage by a cold ice trap. 
. ~ ' 

Th~ mercury level is measured by a tcUescope fitted with. a vertical so ale. 

This arrangement met:Wured the pressure very accurately from a few millimetere 

of mercu:ey u.pto 0~.5 mm.- of Hg.. For pressures :~low Q.s· m.: Hg. to a. few 

microns, the pirani portion of the P:l.rani Penning gauge supplied by Edward 

High Vaouun Ltd. Crawley, Sussex, En8l&lfl;, :1spsed a. long w-1 th their calibration . 

curves of the ptrani meter for different gases:. Penning f!!J.~ portion is also 

kept connected to the discharge veasel eye~ to teat the leak of the system. 

During investigation different gases are used as dielectric medium l1lce atr, 

o:x;ygen, hydrogen, carbon-di-oxide, neon, helitrn, argon. The last three gases 
. . . ' ' ' . . 

have been supplied by the British O~f$9n Co~ 1n glaas cylirXlera. These gaeee 

, are direct]¥ connected to the discharge tube via a. stop cock(', Air is passed 
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thro'U£h a Mr:J.t'e• of oold water veeeel to remove duat and organic aattttre and 

4r1e4 bJ e1 ;ita a gel and pboaphorou. pentoxitle and 1a etond in a hi~ 

eYacua'tll'>Jci and clean S].aso veesel. Pure o~gen 1• prepared by the et.owa~u 

!Jf .,.,(-oomentrated aolution ot bari\11 !lJ41"0#4a with rd.cbl electrodes :1n Mr4 

g~a U tube. Oqpn ie evolnd a'ft 'the emde. h gea 1a paaaed cmtr n4 bot 

platima 1o :rellOW traces of hydrogen end 4r1ed ~.r paeeillg over pure 

phoephorcU~pentoxlde tm4 etored like eire Pura hydrogen is evolYed at tbe cathode 

1D the electl'o].yeia1 with Dicbl eleo·trotlea, ot a warm concentrated aoluUon 

o£ ba.""i'tll i\Jdroxide -in a bard glaas U tube. t'be gae 1IJ puaed over heated plati• 

Dlll s~ to bum out &IV' OJWgen SDd: is 4r:led by pase:lng over bl'Oken pteoe• 
t. . ' 

of pota.BSS.tll hl)tl:roztde; followed by pur1t:led phoephoroUl!lpentoxtde whioh bee been 

eubliaed in o~gen~~ Sterins 1a done 1n the preTioua marmer. Pure carbon 41o:x1de 
. ~ 

t• ob~a1rla4 by the aation of dilute eulphur:l.c ac1dt bo1]414 to bw• it tl'Cil 

air1 on pure eod11a _oarbonate4! The sas 18 paaeed through cold water to remcmt 

trace• of acid and dried bi' pus:Lng OYer etlica gel end phoephoroue pento:d.de 
.. ' .. 

and ato:red 1n tbe evacuated glaaa oonta:lmr keeping 1 ta lllOuth UVI'ard• 

The whole arrangement of gas praparat1one in the laborato17 1e abmm 1D 

t18e (6- a., b,c. c\ · )~- In all theM preparati~ns the whole ·ayatn 1e connected 

to e_:dlauet Pl.DP (Ie)'bold punp )~;: -The mazlmUI1 poaelbl.a portion of the ayatea 1a 

a't'acuate4 proper:Q- befo:nt 8111 g011 ie allowed to paea throue;h the· eyatem :trc11 
. . " 

the point of pneration4l,' -•:t~re mold.Dg the t1na1 eollaotion, a oonun'Oue 
. . . . . '· 

opezoation ot 8M preparation and ita e~t1on 1hrough the eyatem ta . 
continued for a sut.ric:Lentl_y :l.ong houre to eu.ure a caaplete atmoapbare ot 

the gu iMide the ., ... .,.; m· the gaa contalne:n are aepamte~ cormected to 
. 0~ 

the discharge ve1eel ..S.a atopcock during the oYaervation~ 'lhrouglit the 
~ ' o\ 

experiment the l'Aybold :ro~ eldUlu.Dt P\lllP 'fa UP4~;. 

:Beton ataz-ting the meaeUl."UKtntJJ,, the d:Lsobarge vessel.ey•tem :I.e contiDYrue]l 

e't'8Cuated aDd proper~ barjked to remo\Te ooclu!ed. eflll~; 'lhe operation prooeeda 
' ., ., : . i 

tor a coDid.derablc period, atter which t.lte experimental gsa· ia .trodll)ed in 
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-· S4 .... 
oontei.ner w eneure the f!J316 atmoephere inside the discha.rp vessels Keeping 

the pressure tiDd by proper lldtpulaUon ot etop cook, the breakdown voltB@' ia 

measured b~ the v.T.v.M. ( Inte~ impedeme 20 X ohm ) M stated eerl1er• 

ObstTtwat1.on at different preseUNs ie ropeated for several times Wld 'the mm 

valuee o-K breakdown potential is noted against the corro$POllf11ng pressure. 

'lhe mem vnlue doeo not deviate more than .!. 2 wl tiJ tor all the observed values 

The aaoo. p:rooeaa is R~~ated tor e.ll the gasoe mcntimled earlier and the 

respective breaktlown potential data e...Y"C noted fo:r different preesu:ros. 1.1raakdoim 

potential meaeu:remonte above the presstl.!"S 0~5 men. lig. a~ de~ wi \."1 ai.rt OJ~gen, 

bJdrogen em ea.rbonl1oxld.e using a. sinele di£eharge ve~ool~ And :for preoaures 

below 0.5 ums Ng •. ~ther diacharge veesel ( both o:t cylint'b;i.eal ebape but of 

different cHmeneiori ) 1a ·used-: In t.ltia low presou:re range tt'le gaeee neon• helita 

and argon are W:'led as dielectric med:luno. 

lfea.rnn"emente with cross et9edy magn':ltie field ;~The abcmi mentioned 

proaedtlt'e baa agflin been ~peated for all the ~s 1n Q:roesaed magmtia field. 

The untfo:rm ~tic field which wae calibrated at the 'beginil'l[~ of the exper!menta 

1s plmed perpendicular to R~F. electric fielq,_., T'_ao current of the coil ot 

elootroma,gngt ia supplied from a metal1<ectifie:r fitted with proper ttlter 

ci:rouita!l" Keeptng th8 magnetic field at a f1~d· valti81 the preea'l.L'ro ifJ pad~ 
:,; 

is npg a ted for different values of tho magnetic field:~,, Tbs procems is repeated 

eey,ersl 'li1.rnea and mean brealsdcmn potentials a...""e taken-Ereakdown potentials 

corresponUng to .th~. same m~tie fi:eld but df.:fferent P.NSmlt'Ct!l then aon~~titute 

ono eet of reading~. In thie way diffe:ront sets are obtaimd :i'or different 

descrete va.lme of magnetic field• Eepe~-ttcn of tl:'.e procees has .been made with 
·,;( . . . , . ' . . 

all t.lw gaJN~a mentioned ae dielectric medi~~~ 
. '1\' 



ApparatUB I• 

(1) R.F. electr.t.cal excitation source (2) n.a. voltage source (3) Gall 
f." 

genaration and pt.tti.fteation eyetem (4) Jxttauat puap (5) MermlTY manc.meter 

(6) Dieohax'ge tubes :tilled w1 th rare gsaoe. iJ.'be whole e~rimontal arrangement 

1e shown in fig. ( 7 )o '1'he r.f. e:mitation eoUMe used in thie expe:timent 

we.s the one described in the pravioua arrangement~ 'lbe r. f. voltag$ ia a.pp:U.ed 

to the high~ polished· and clean parallel eleotTOdee f1 tted :1n a tbiclr:, glaea· 

cylindrical vessel, thro'U§;h two .:p11 filled comenoel'fl each ot 10;«Fcapac:lty 

ana eapsbl~ of sustr.d.ning a potential d:l:ffereme or ' !C. v. 'bee two 

Qondensere act ae blocking conde110er to the applied d~c. voltage. As ~ · 

1mpader..ce of tboee two condensore 1n mdiot'requ~moy ie very om11 ( < < 1 ) 

so the V $T.V.~ te:t'f.l'linale aro oonneotetl tow&"""ds the r. f. source and o~ the 

condensers ae p"oaut1onB17 nte~U're to protect the valve of ·(.;he V. T.Y.M. 

'lhe VeT~ V.t~1. tmt is iw.Md in thio U,pGrimEtnt bas been deacr.tbed in tho 

preVious experimental. arr~rn.ent. ~le sou:rce ot d.c. voltage 1e a paclmse .. 

of dr.f batter:lee connected 1n series tand oe.pable of chango of voltage bJ 

ateps ot 90 volta~ The d~o, eoun1e :i.e conueott4 to the electrodes o~ thtt 

dioohal:'ge vessel via some r~f· ·chokes connected in seriea. A b:l.gn value 
witl.. b.,.-lt<-'l'lLS 

ree:lstaooe ie connected in aer.1es"'OO cont:t'Ol the C'tli'l.'ent when b veesel 

becomes conducting~ A ew1 tch system disconnects tll.e d.c. SDU!'C:e from the 

Tee:nel:,. The experlment ie perfomoo 1n 'two ranges of d.c. volte/cm. 'lbt; 

whole esper!.ment is }»::r:fOD!ed in the renr;e ot p:reas\lt'e 0.5 m. lls• to a 

tew liD• ~· The moasurement of th1o p:remsure WheN Meees&.l"J' ia dom by 
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J3efore mt::.u"ting the ootual e:spe:riment vd. '~h -y~artablG preBBU.l'e end high doC• 

volt/em the whole ~stem of diecllar@!' vessel ·ia e:dlausted by the :J4ybold o11 

ox:h~Jm.at punp mx1 eimultaneoual,y baked for a oom.t!demblf!l period• .After that 

the system' 1e flashed ~everol tim!B by the e%p9rimental gna to enau.re the 
0\.L-

a'tmosphere of thin gae o~ throu@lt tbie sye'tmlo The eame prooedura i.e 

followed :for all the gaseS Stud1edo The ci.Ch VOltage 1S applied to thf! 
. e. 

eloetrode~ ana the r.f. voltage ie Sl"odually •:rfJBSed until tb.e gas of the 

contaiM:r shows signs of breakdowno At tbie mccnent the doth source is 

41ooom16oted to p:r.avent the d~e of the pol1eh ot too electrode eurfooea. 
ryv 

:By obemging b applied d •. e. voltage 1,J steps of 90 wlte the correspond:Uig 

re:f•· breakdown potentials are meeeU!'Gd• The experiment :i.e repeated eevara1 

times and mean veloos of tile breakdown potentials are ·taken.. Tiw whole 

experiment is per.fomed tor seve~ discrltte values of' p.reasureo 

Iden~cal Preoedtu.'S, as dereribed above• ie tollowed 'for different 

experimental gases and 1he corresponding oba·ervations mooe at ditferent · 

preeauree~' b' pees wed in this $z.pariment 88 clielao-trto media are dey pUl'O 

airp O'W~n8 )Wdrogenp o~ooxl.tie1 beU.ua.l!l DillOn ·an4 ~ 'l'he preparations 

and a~ of' the first tour gaeee have been deeor1be4 previoM]3. Hel1Ulllt 

neon end sr&>n have. ·been. elipplied by tile mauu:tootltt'ing compal.V in Gei.eler tube 

. :f1 ttad W1 th altl'll1D1uu elerrtrodee~ · 91eme · 'tu!Jee Sl'e tireotly ueed as dia)l'Jarge 

veil0e1e •. 9m p;mssuree of tha gati!les 1nm.de the tube ~ gi:ven by manutecturer. 

The experiment wi tb those veseele gt.w results for small. euperimpoeed d.e~: . 

vo1ts par em •... at conetant presl!l.1re eime h®re the length 'o:f the diaoharge 

oolmm wae lOZ'g~h Other gases are treated in a t.'!lmSl1 d.isoharge vgseal to 

get the :iesuit at high applied d.c,~ volt/em ll.nd at different premeure•• 
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Co 1Dfll pressure gEm breakdown by secondary electron resorum.ae (e) Witout mssnttic 

tield (b) With mgl'XltiC fi~lde 

Apparatus !• 

( 1) :a.P. .aurae ot variable t:t-eqmooy (2) Ditfuaiion ptmp w1 th ro'ta%1 e:&haw:rt 

. Pl.IDP (3) Gae preparation and purification eystem (4) Eleotrcmagnat (5) P1r&n1 

PenDing Gauge (G) Discharge tubee. 'Rh€1 d1:fftii91on plJilp used in the present 
. . . . f . 

experiment is an oil "iftueion PtlnP made of leak pro~ metal bo4yo The Iaybold 

omawt punp dsoribed etU"lier acts ae fore p\lllp otage of tts d1ffU$1on P'tDPo 

Silico~o11 1a ueed 1n the ·diffusion pl.lllpo The R.F~ e21'!1tation eou:roe and the 

VeT• V.M. to meseure the remoeo 'Val'!»! of the voltage of emita.tton are the eame 

described 1n tho previoue arrangement. The aeme ia tba cooe tor electranagru:rt 

and P.\ram~Penntng ga•• The ·l'irGlltt section ot the gauge 081'1 read presstlt'e 
~ .. 

upto f'ew microns of H~o for different gaaea ~ penning ~eotion hafi t.bi:J range 

dam to 10-5 mn •.. !lge 1'or: · .Preosu:re lOOOO~mento During the ex:periment the 

·• d1sc.harge containers uaed are all of cylimrical geom.etey haviftg different 

dimension o:f lcllt;..?th and saroo radius and made of pyrex glasao All meas~nte 

wore. mooe with parallel external elect"l'Ode · ays·tema placed perpenciicular to 

the ax.ta ot cylindrlcal veasele, Befoxe ming the diooha.rge vesselBt they are 

thoro~ c:leane4 by comcn·t.rated ~ids om alkali solutions end baked under 

evacuated eondi tion for .eome ~ to remove· el.l cont~t1o:r::w. The experimental. 

container 1B connected to ·the diffusion punp cmd their jUDOtion' is eorrounded b7 

eolia ice to prevent oil vapour to enter the dieoharge vessel., An ·tty" connection 

ie 3oined bare with the diechars'e tube. The ot.het~ ends of the co:nnect1ons are 

ti tted to 'Jlt'U.."ling head and gas sy0tem :rGBpeotive]3. For the preoont experiment 

only b,ydMgen "end air a-re used) the preparations ald . storage ot these two gael, 

have been d1acuosed in tho prev1oue chapters'!, The mel'Cury cup stcpcook cootrole 

t.'le gee ~. The whole experimental errang;em~nt 1e shown in figo ( 8 ) •. 



:Btafore at&rting the original experinient, it ie meeaee:ry to teet the 

ex'ha.uet ce.psci ty of th~ ditfus1on PUDP• For thie purpose the diooher~ tube 

eyatem 1e d1€Wmtled am iaate&d Penning heM is direot:ey oonaected to tbl 

etf:tusion pwp. 1be run ot rota1\Y ptmp -Lor a few hours kwers the pressure ot 

the eyetem to about 10f-!-1g. preeeum. The diffusion punp 1• "r;hen etarted by 

em. tcbing tll.ll heating eo1l and l"!mning cold water through the cooling pipes of 

the aU'fusion ptmpe . .A:f'ter about five to six hou...-ra the preesu:oo reading in the 

Penning gauge ShOWS a Steed)' ve11e of 5 X 10-5m~ fig. wh:l.oll 10 then maximlm 

ezha'l1stion capa1'1ty of tb1e diffusion .PUDP" However by connecting the whole _ 

dtecharge tube system duriug the e.c tual e:rper1mentt the preaswre o.ould be 
l?x -4 

lowe:md to a steady value upto "10 z. Itg. at best tw propen(tbeld.ng the 

eyetem and operating the d1ffw.:.l1on pt:nps tor about tl/!en ho~. At this etage 

of p;reasure tbG Whole experiment ie perfonned keeping the emauet eyl3- in 

operation throughout the olfoervatto~--

During tb.e e:xperiment ·it ia proposed firat to ooe that ·~he rooohanisn ot 

aGoondtill"Y elect:ron resonance breruroown is opera·tive in the prosent setup. 

Me~nts without magnetic field •~ 

'Ihe most d:!.etingulehing cbarooterlotie of- tho secondary electron reeonanoe 

breakilcmn mechanism ie tllat the b:roakdovm voltage moot be independent of the 

m.t\tre of the gas in 'the eeme veesel+_ fWtirogan and air are used ae two different 

gases for th1e purpose,.~.. Starting _the exporimen~,_ the whole system ie 

oonttnoue~ flashed for ecmetime by the expe~en·taJ. gas with tile help ctt 

rotary emaust punp to create 1he a•ephel~ o:e the goo 1n the discharge vessel. 

Then the actual operation of e~auet1on is started in tm ~r stated e9.!'11er. 
· · ~e~T y 

When tile pemd.ng ga'!Jge shows the steady pressure le&Sl ~'"l one micron mrou~, 

the veel'!el 18 flat for "Wting obaervationaf; Keeping the whole ex..lJ.auat system 1n 

tbe rtm, the r. f-., br.Jakdovm voltage of the dielectric. meditm of t.ha vessel ie 
-.. ... ' . 

. . : . i?\. . · ... 
m~aeured, .. wbioh ia JMdiaated only tbroue.b _ appe:u-a.nce ~t glow. in- the· vesaele but 
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DD fall of voltage generally taken place as atated ea.rlieJ:ra By var,yitlg the 

freqwl:¥!lY of the oeciletor1 ·!Jw bll"E)rutdown voltage mecmuremente 1a repor:rted 

uu·~il tlle cut-off trequeoo:; ie obtained. At :freqmncies la~er t.JlW'l the out ·of'l 

trequsmy, the dieleotrio moditm behaves like 13!1 inaulator to ~ amount of 

l"•fe volte&<eo Th.e whOIS eli;Perlmeat is repl3ate4 l:"or bydrol1']n and sire T'ae · 1:'1110 

curves obta:Lmd by drawing ~ekdown pooont.iala agt~1U.'3t tr0qucr.ey for two ~a 

ahoulcll be :ldehUoal 11:' the eeeonuary elc:etron I'Oeon!l'lle0 meehi:mim is operative. 

Once thia ie varified 0 the later part o£ tile' GX,pel'in!S'nt is pal":fo!tlled ooing ol'll3 

air aa dielectrl.c mediuno 

Using the eyli!ld.l':!eal shaped dischar~ ·tubee of d1fferont ~ngtha and e~ 

- radiua and eooh one properly treated for clesrt!.ng e.a dssc:ribed eerlior, the 

broilkdo.,..,n potential measurement is msde for all tubce one a:rter. another for 

dift'eront fl:'Oqoom1ee available in the present set"tlp• The mflMU!"'mente _are 

limited b7 r6,f. output volt~ in the highest frequency end which 1e approximately 

40 rlfc/ss. In et::lCh caee -~he ~urement:fare continued upto the frequency ettghtly 

lower ·than th9 respective cut--off treqmnc1e9 which are dii':feront for different 

lcn'lgths of the d1schcrr;:e tubee •. The cyllndriceJJ. vessels used are all of same 

~ .. · 5 em, 7 em. and 15 em. The 

oectllator fraqooncy and correepond ing lim1 ted output vol·tag:e allowe o~ . to 

measure the l:lnear po:rtion of trequone,y 1%. breakdown potential cu.rve0 for all 

tlle discharge tubes mont,ionad a.bov~.: It w~ only possible to get one or two 

pointe beyond the cut-oft frequaooy region dw to limited r •. f'. output voltaee. 

H~eYer tho.glow at breakdown 1n thiG region 1e ve:cy faint and only eppeare on 

the glass surface unl1lm tha nonael state· w"nere glow appe(;rs tn the cGntral . 

portion ot tbo discharge veae01~. 

~Lhf!.m.t with_HPzmtio field t• Ths unif'om magnetic field te plt~ed 

perpendioul.m> w 'the axis of fue cyli!¥lr1cel vemsel of length 5 em.-., and cover!na . . " -- .... 

the whole longth of the tube 1n the uniform linea of force·e: The ar:cangement 
•;,, ' 
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A& the dimensions of the pole :tooee of the magnet are 7.5 cma x Lt·s-cm. and 

the lengtb of the discharge tube• 1s 5 ome 1 the tube lies onti.rel3 w1 thin the 

pole fooee. To tnveotigate the ef'feot of uni.foxm magnetic field on the breckdown 

potential end corresponding cut-off frequency in the second~ electron 

reeon.ailCe breakdown meolwmm, tl:te si."lCle discharge veeeel mentioned ubove i.e 

chomen for the whole experiment. Keeping tho magn0tic field atee.cly at acme 

TalUG, the stXOO prooeclu:r-e, oo adopted in tha meaeureaente without magnetic 

field, 1e followed ond frequel'JC?y versus brekdown potential curve slightly 

beyond the cutco:ff' frequency is obtained~ Dy i.ncreooing the magnetic field by 
' -

some discrete nr:tount, different such. cu!".roa are obtained. It !o o'bee!'ved that 

wi til the inereeee of magnetic field, t..l-te breakdown lJOt~ntial at identical~ 

:frequency 1mreasce am correspond:tngly the. cut-off frequency is shifted 

towa:rda the lower frequency v alua, but curves are :1deut:!cal in natw."'e among, 

themselves Gnd al.M wl th the ourve w1 thout magnetic tiold. T'!le observatiOllS 

were made tor higher and higher magnetic field until :f"t.n'>thr·r. obacrrvations 

could not be taken due to limitation :tn the output pcmgr of tiw tuixh It io to " .. ' ., 

be noted that every obeervation of breakdown potential whethor wi thou:t ~agmtio 
.• 

field or with mQ&'letio field ie Npcnwd several titn~a, and the me em value is 

taken. It is oboerreu that the brakdo'l;n potential never d~viatee more than 
., l> • •• 

y ~~ 

.1 2 wl te (r.m••• ) tot:m eech other in repfi. .. d ~eerva.tione. 

Apptlra too ~~ 

( 1) ll~:~,F• e:xct tation ·ao'Ul'Oe (2) D1ooharge tube filled with rare 'saeoe (') Speetro­

gral¥1 (4) !?hotoaurfooe (5) .aoro&tmlleter {6) Eleotranagnet. The R.F. eleotrtoal. 

e:tOitation soUl"Ce is the sa.'i'lo e.e· before. The diaoharge tubse are oyl.inir1eal 

tubes· :t':! tted wi'th electl"Qdea and fill.ad ·.iii th ram gases euch WI neon• argon, 

be11un at ~rttaeures ot 10 mmo: Hg~. A conetan·t deviation e,ectro:ph~ter W1 th 

~men·t to measure tbe waveleugth of the upeotral llrwe direct~ bee been 
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photo el~ctron"on exposu.t~e to light. Thie is used to measure the direct 

mtewi ty of tba beem by the amouut ot ourrent that Aowee !~ ·e:terno.l vol tege 

1e rwoeeaary to collBct the pbott.lelectrom~ When the ·;1J;o el.ec~es are 

eo:tmnctod through a micJ.>Oemmeter, cur:mnt flows aependiw.:; UJO:i:'s-,:tl1Et1ntenei t1 ot 

b ·ltt;bt•. In the present exPSr1mont tbe eurft?~Ce 1s ~vays exposed to tblt 
C.V~cile ' d.isckGL"Y3€ tube , cvnc.l 
se~nt!Q bam trom the oooo~ dev:icA;·!orJ .epeo~ comparison of 

intel'l$1 ties 1€(made without and wJ. th ·!he l!ll'lgnt;~tio field• The eame cleot:t'OOlQ@'iGt 

deoo:d.bad earlier is USGd he:roc.. b whole experimental arrangement is ehc:nm in 

fis$ ( .q >.~· 

b ex_por:lmnt is psr·£omed in two wayQo The diecharge tu.bel'l!l a:ro eD)i"ted by 

rc.t• eleetrioal e~1tation sou:J:'Ce appJ..ying power direcrtl:f to electrodes. T'i-1& 

tubas are used as 9Qu:ooe tQ the t.JP<-->etmgraph • ., The ~tic field ie plac0ti 
,. 

peeyendicule:r to tbe a."'tis oi' the. tubes mld .eo perpendicular to too r .. t. elaetr1o 

· i'iald~ V:i.f::Wina' throu@1 the ···taleooo~, some l~s an1. chosen eeriallg fran tOO 
.., ' . 

epeoti'i:n ruld tlWir wmrelenetlw am obtB.i.nad fran the calibration .in too spoetro• 

meter., Repl.~ing the eyepiece by a photo«;:;rapll:i.c cH.:toom,, e::s;poe'tlree are taken. on 

& photogrlwh.t~_plate o~ those epeotl'allincs,11 ?.lut.mn~tic field 1s then 

establiElhed to"eO!!le diGO:rete valooe mli in each ease the spcct'"l"lm of tl'l.t) samo 

lime &"0 taken expooillg the photograpbi~ plate by tbe seme amount of time as 

. befo%43~ All tho e~sm·e~ were t~?.ken in tb,e sw~ photo~;raphic pla;tJ0 to e.nstml 

untfom. devol.oping of all. tha $peotrs ·taken at different magnetic tiieldec ~lf!e . ) ', 

lima. at different mi~tie .:field: cot»i.tio~ •. Sa.1e in~MI! lines. \mtch were 

pho·fi\J.r:,ra.phad ·~.very dark linea tn. aJ.;t. too speet~,. could. oot be SQanned :for 

el~ of inteneit.Y by the present ph.otoolete~~ &tildes ·th.es,,t . ia Q1l other, lmes 

t..'wre ia a marked iooreailo of :l.ntenai ty wl ~l increaee of mr."\glletio · field. 
. . . . ~-. 



· In tf1e next part of the experiment, tl'le spectrograph ~e removed a.'ld the 

phOto surface ie plooed before the dieoharge tube• 'll1e n~F· emi tet1on 1e 

put ott and megnet1o field 1e 1norotlliled to investigate 1t there is any effect 

of tlw magnetic field on the photosurl'ooe. ifo euoh effect wae fo'lbl., The 

tube ie exoi ted am the magnetic field ie .1ncreaeed~ The photocU'l'l'ent ehowe a 

grachJBl inorea~e wt th mogoo-'.;ie field·• Dy changint) the poai tton of the photoeurte.ce 

With respect to dieobarge tube am magmtia :field the enme reeult is obtained.. 

Bene~ keepii\.'Ft'he photosurface at the same poet tion ob~Jorvat:tons wei"e made 
.. . . 

for three:- diaoharge tubes in the ~r desoribed above. He:re the photoc'l.lr'rent ·· 
. ' I ' 

yield 1e taken pi"'J>Ortionel to the intensity of ligbt~ It is necesmn!"'.f to 

mention here that on app11or£'>tion ot magnetio 'field 1..~ the ae.i.d m~r, tbe 
" " 

who].(! discharge colum is fomd to be Yieibl\Y conratr1cu.td• This woo ~~ 

1n OMe of all t1:le geae~J st\¥11ed111 
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