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~. waratu.s . ut~J.!;;sed. 

1. Arc tube. 

'• l!igll CurX"ent .rheos_tats. 

4 •. A number of electric fans. 

5. An electronic multimeter with high input impedance •. 

6. A. double~stage rot~y vacuum pump~ 

1. Piran:l gauge •. 

).-" a, Needle valve • . , 

-~. 

9. A radio-frequency oscillator. 

10,Stabil1sed D.o. Power eupplye 

11 .Radio-frequency railli.ammatar. -

12.,A variable condGnser supplemented with a vernier condenser •. 

1 5 .Dig! tal counter-timer. 

14~Absorption wave meter. 

15 .An L. 0 ,R. Bridge • 

16 .n1eter Bridga • 

17 .P.o. Box. 
l 

18.Solenoid coila o:t an eleotromagnet(witb.out pole pieces), 

19.Gaussmeter, 



· M!'i"Bna;~menttu 

_ In the present dlElsnostie !Jltttdy a ».8\v l!'adio-!req,uency 

coil ,probQ tatbnique baa beat~ dove-loped to .:f~ th~- azimuthal 

ra~i ... ~qu~n<;y cannuetivi ty eaad .it~ Ir~'t.&l d:l$t~ibatiQn fl.ulotion 
-in 
-Ot e l;11el:C1ltl'Y ~~e. ·11l!!!'~t.l.\ma;,. ~h.e a.rc i~~ b~~n prot\uced J.n ~~ are tu'be 

(FiS;\>2 .1. ) ;:r~d(i 9::f »na elAas-~ · Deflld~~ th@ two tungsten alec trod$$ 
·,, -· 
~ ·at ,tt~ tvto ends, t.h~ tu.be also e~nar.~·;t·a 9'! t'~g ttm~~:n p~ob$8 

( 1tnla:tt:eed. 1;pto tlle ~1e ot th~ tUb\!il) ~t~® in tbe p$td;t.t va column 

tes!~n with a e:e:p~tl'itio·t! 'Q:f ~,.,, ®ts~ b~twe~tl iJhfJ.m 1.\-M a a~'lll. 

oo.-t:l t)! l .. el1lgtb. 6 · erua ... haa bel(;!~ wo~m~ .urm.utc.l tl~D 'borly rJf' the iitt1Ja 

1~ tbJ.$ !fli'Gb~tO•DX'(lbt?. gap,. i!})lj.~ ®!l ~Gl:'V614 tb~ p~trt~P$J9 O;f 

rnd.A~""'treqr.t!Wnqy _PO'i''-1~ .b~luni~n t.:r.om t~ e~tor1m.Uy used lul~ 

f~q~~oeney- ~aQ!.llato:!i lt'bi.oh ~~- b~en fed t;rom ~\ D"'o.. ~sttLtbil.tzet'J~ 

po-=Vf3:~:t suif'Tly ~ ... ~~~1.1ftict~~l q"-m.lity 9-f tr.i'-PPl~itStilled ~~r~tWJ 

-~ ha$ ·oo~:i.l u,~e.d ~!a:re to 1r~duue tlol~. zo~lf(.ttll~~" ar~. A dQu.bleoli!oB:ta.ge 

·:t·~f~.l;w 'Tte.~~:r.;Jn :r.ttmp ~e l:ke-9.n. utiJ.ie'et.1 to ~&nt.ain ';n~ uyst~ 

e IS . ..-r1lt!.~d va.!..!tt~:Wl 1JP.l~k ~~ a nemll.~ wl'«~ lU;ts ·b$~.tn ;~s<ld in "tl1,e 

ltne· tv oon1tt•o,. 'tllt:: 4e;~e0 of vacuum~ :X4l ~~(t a..tli$· qtw..J:tt! ty 

of a'PA~.~rer e~~es up ~r~ o.o.n·t:om~rm.te~ th~ p-a~.mv f:lt.u,.a. 

· . pre¢a~lt1one b$.\"e be~n t.f!Ut~n by \lsi~ $~:V~~al ~!(ja ~'l'~.lt<ve in 

the va<H.4.V..~ lf,:tle • .A :Vira-ni il·att~\~ w~a k~pt ~lwa¥~ f1:t·t~H1 wi·th 

tha ey1-:rtem to $elay the vaau.u s$..tut\.t1on.- '!!he ~e hU b~en 

o~t>e~:terl 'b;r a. hi~b ¢l;l~et:lt lhGi." ~·f)J.1ia.go G~,:inQ.t~awr. 
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FIG.2"1. DIAGRAM ·OF A MERCURY ARC TUBE. 
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~. 1:0 ·OGntrQJ. the sro Cw:'rent s~v~ral high eu:r:t--en.t X'heoata 't$. have 

been lASed 1n seriet; w!:tll a ll-.e., ~et®l' ('R.angEU o • SA). A 

;r'adi~lteque:ney m1lli~.metex' ~g o ..... 120 mA(m:Uermooou.ple 

ty~, mde by· ~l&siH:Jn In&trumente• mo.u.a.A. Modal .No.50B) in 

l90~1oa wtth e. .tni.or(f~o:ndena~.t' kept toil! ~he pu.poee of tDl.t.ti1llg 

h!avta 'beon ·OQ~ootf.;.'i\ ~·t the ~tw~ l.f)at!a of tbe <loil wound t;\:.t'OW1d 

tha ;~o tuJ)G,!! fflleee tb.l;ee ~l~n:ts oonn~o.ted in aeri:es serve 

tr~~ p~ttpQce oit ·M1$ £t(:t'JU~Ol11 c~cu.i t in. the p~a$en.t atudy 1!1 

. ·itt :wJ.U. bfJ S€l~~ 1n the e1tbaaqa$nt c:naptar that when 

rc~~~.i~ pl)WrJ.J: ts iwltvi#eij, in 'ttl,$, '$!Q:.1..1 .t~sU.e whi.eh ·tl'la ere 1.~ · 

JJf"ctiitJ.OfJ{iw tho effeative rusisttv~ :b'llp~~ee o£ tba oo11 oon ba 

wr! tt~5'l 5•$\ · 

wh$r~~ tt
0

. #= aoll ~@t31~~:n.~a. (ohm) a OiJ· ~ ~-tta.lu~ o;t• the· tmU.ng 

~ capae.l.tor· (fart't\d)g 0 ::~ S'ii~ ge,.~~i.tt.Wul~ (Fttl~tld) fo~ 'tt1:rtwean 

the eoil a.na tb~ plae!n~ colurr:tn; r~2 Q rud.o.l pla~~ reei$'fJtlllC\t 

(obrn)t .a... ·r.t~ ami;rnuthel pl.~~~ :reeie-t>m'lc$ (otam);. · w ~ turv&ltlR:c 

!~equen.Qy (mfiian); L1 :;, c6t1U aeaQndar:t in.Uuutsn:~e~ (it~~}.~ 

L ·fi:ll Qo!l. i!il.ducta.l\~~ (!:l:e~3'); l.l ~ 1\'tU.tu.al m<tnet~tmc!ia (E~~f ), 

o:f r. ~nd L4 jl !I1te l.Gl~t ·aer~ aa:~·eet?~s tl\tQ ~e.tle(f'tfJd reg:ista:nee 
~· 
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jo, U! 1
0 

fiUlla 11 btit ;'tb$ tun~d radi.-tt-equ~O'i o\U:roo.ts throu'lh 

'ihe. ·QOil bet~~ ·and d~~ the d.i.eob.arge ~espeot:.Lvely • the 

$$1Ul~ oo~ductt:mC4i} .tm:l.Y altttJ."'~:tiwl,- be w:et.tt$tl:; a$1 

I ' 

R ( u •· 11 . ·. · 
n • -.A.:.~ .... .;.. ..•. .wnQ-e a • 
\J I 2 :t ·~ . 

w ~ 

lt!~. thi~ e'Wd.7•t1~$3.;>ll ~~ tl.2J$:Sljiil~l et>M¥tctil'it1 ( CJ
5 

) tJUJply 

com~~ ~!1t -t~ ~$!~. 

cr •'·• 111. 
s· ·~· 

J. 

~~\let Oilllo'' ~i:U-;.~ th$ ?all¥! Qt ·~ f le. t .Oa.\)t; t4etlnst ®Wli. thfi . 

two ~d ~.diO*ii:S.ttUCfiO¥ 1JU.t:'.iftm:t& 'kfOl'!O t:lnd d~.:IXti' i;}l.E,t 

41aol'!til~.f5~• 1 t ta pQs.r~lbl~. t.~ ;ea:·i~t~J" t~. :.M~if-tf;~:l. 

conduct!:vit¥ .of J&n q~ pl~t~. @.d th~ .~a- o~.en~'t.to.u ~ 'tio 

repet.\t~d. to» 4itierti'it d~M~t'ge oiU!'lf~nu~ · 

It will. be I"+?Vtml\td. ait~.t~®· tbS;t th.Q .~JOO w.~$ltcn$ant 

ot. • ~ • w!ll. l.~&at'i. alao i;o f'i~t ths r~&a.l r.tiutl::1Jl{ti11o!l fuit()if!on 

£or tb~ a~!a~l~l ~J\~3~~ttvit~ -t~f ~ ~c pla~•·• 
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Length of the arc tube = 30 ems. 

Outer diamete:c o;f the 'tube = 1 .9. ems~ 

Anode - Cathode Spacing = 20 ems, 

Coil length = 6 oms" 

Coil diameter= 1.9 ems. 

Wire diameter - 1 mm. 

Number of tl.U!ns in tb.e.Qoil =.50 

Probe to FJ."obe Separation ;: 6!35 ems, 

Experi.menta~ocedures·~ 

As a prepara..l.;ion to produce the mercury arc in 

the glass tube, firstly the tube rms been thoro~ghly washed with 

dilute c~·omic acid and then w~th N~OH Solution. After these 

chemical baths the tube has been washed several t~es with 

distilled water and after.that .with dehydrated pure benzene 

and then dried thoroughly. Finishj.ng these operations, tripple-

distilled mercury has been poured into the tube to the desired 

level •. The tube is the;n cormect;ed to a double-stage rot~y 

vacuum pQmp. Time was allowed to p~ss till the syst~. reaches 

a vacuum of the o:ro.er o:f 1 0"'!'2 Torr. 

Now tlle oscillator C.oil i~ placed near the 

wq:rk Coil i.e~, the Coil wound arounct "'Ghe tube and the induced 

r.f. voltage is tuned with the variable condenser which is 

supplemented by a vernier co~denser placed i~ the secondary 

circuit in series with a r.f' •. milliammeter and the work coil •. 



,-l_, Aro_is· then produced ins:i,.de the tube by tollow.ing the tilting 

process • .01wiously the meter in<llcatoJ:' shifts f~om i ts""',Previ9us. 
pos:l tion •. The tuning condi ti~n ·-is once more cheeked by the 

condenser~ A number of fans have ~een used_ for cooling the arc 

. and maintain a steady tempe~a·!ia.re. The r.f'. metet' r·ead'ing is 

then noteg. as :far accll..I'ately as possib:te. This current reading 

;%s t.he~ .. aoOtU·ataly ::~a p~le ~· This .eu:r~ent rea6.-:iil-g­

is it _. At J~h~. same time the dial reading o;f "the variable 
t 

cqnd~nser i.e.i the value of i:;he capacitance (Say a·) is noted 

*' ·' down •. Now witllo·U.t disturbing any element .of the. experiment, the 

arq .. is th~n switch~~ of£. *he meter indicator again shifts 

from i·t;s foregoing pos.i t.ion. '!.fie ·u::tE:g tuning cqnqi tion is El.gain 

(lheoked. by_ tne v~,riable c·o:ndenser ~ Th~ tuned current and· the value 

of the _ee.pacitance(i .• e: •. , 00 ) al"e noteQ.. This ou..r~ent reading is i 0 • 

• . It. will be seen ai'terwards that .. the differe:Q.OE? b<?tween c and 0 
0 

gives the _-v~J,.ue of -~he st_ray o~pacitanoe (i.e.,c). At every stage 

of the experiment ·the voltage across the two probes f~tted :tn~he 

.~ posi tj.v~ aolumn o:f the arc tube has been noted with the help 

of an electronic multimeter with high inp~t impedance. The p11rpose 

of keeping theee voltage readings is to canpare the va~ue of 

azimuth$.1 c.o-rlducti-v·ity found by the. present process with the 

axial oonduct:l,. v:i. ty ;raluee~ m~asuredt u.Sing ·the r~lation, 
Iz ·- ...... 

11: r 2E z 
' 

where Ez is the field in the posit;lve column; Iz is the 

discharge current and r is Jlihe ;tnternal radius o.f the tube. 

~)( The further impQrtance of_measurlng the probe-to~probe ·voltage 

will be :foun~ in the subsequent' chapter~. 
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lit ~ woti:t"th W.b11$ to mention ne,·o. that Qnee tb.a tU."'O 1rr 
"PlaCed. 

fo~edt tba t~'b\\a · s1tat~ atW: tho siOrc:ond.a.t;y eil.!oui t t~ed, .,... 

ext~fitna p.l!'ecantion.s b:'tt.\~ bea::i token oocn ;tta·t no elam~t i.e 

· utstur'bed an..v mQre ·ttll. one e~t o:f obsanations 1a e>ver • A 

T01tif good o~e hns been t~Gil. .euoh ·tbQt no J.ll:~l'~1 <Wopl(?rt 

ootild :a.P13ee.11 .ineitle the tubo ~& tha eoU region dQr1ll$ the :ft 

"Nhola obs~nt:Jltion, the· pr.e.~n€.ia lf:f! wha.eb ob.an~!iH3 ·tho ~i~ua.t.ton 

quit~ a l.ct. ill~ a!')ov~ e~~;t'im.Gnt ie .~~:9eat~tl s~ve:t>al. timee 

kee~iug ·l;h~ di0~tie ~\U':cGnt ~ tba t:r~tJ.Uency <>1:' the Q"-9oil4\tor 

1~ a .t"ixitd poeit,etn~ rene die¢b~x-g,~ Cu.t':c~t ia tbta~ v~ .. 'Jlied ·to 

aom~ ~tne~ ~al.u.:e: w!:tt. the- help ~f ri•~O~trta.t~ ooxl.tl~c'terl 1n ee:ties 

w1~h the D,c. S'U;»ulY ~ad tb,~ eAtp~riate.at tn re~9.'t~d ~e 

!fta(jO$'i.b~-d ~t~cv-s. !f!l!~,t;; :f~ ditfez~_u:~t tU:~ehal".g& ~lttrente: th~ :catlo 

'~" v .j.e ~~ure~ f~ a sin.9;1~ .t~eg.u~~1"' ~ow 11aeyi>.t,1 the f.reqt#~llOJ' 

ot ~h~ O$Oillat~l; th~~ whole ~1.:p~.rimQ:tt it2 r~peated io~ 

:R.F,r;.!lJ&l~&lkniiJ ,~~~tt.t: • ..J~ ~~"D.!b~m~.;lo.·Y:l· h..f' 1~Ei ~"~~_Om,}e'l'milf't'< 1i"-i~3\. · ......-.. .. . ~ ,,,~~ . ~~~ .... ~~"--"~~r~1':.,~ar.q.~~~ 
:r~ !WA~!t~~,~~ ' 

~1:'-e ra.dt~ ~i$~lU~nQY Q$Q.f.) .. lrii.:to-r tt~a~a be:v:~ .te qt Ua»tley 

.ty~$ end t1.1.e .q:tr.ouit tu.eg:r:am 1a Mnwm. in tha 1?ig>t~(2.aa). It 

har~ ~~.~~- dt,ti:i.~t\ to cov~ o. t'fllio,go .Qt. 1•45 MQ/:Sae~ to $ tt 16 1JtJ/Sec. 

~he !ntluotna¢:e :u. oit' the ·~a1lk; :e.il.'oatt .. ,~s divtd~ into ·tw~ p~ta 

I11 ~.:nd lta ilA~ ·th~ir co~oon poin.t 1o ot>rin~otoo to tha Cathode 

tel'~l ~£' 'W11.e v~cr111.\m t~be 61i~. ~~ and_ o£ .n1 !a ~onn.eoted 

t(j ·tl::.~ e;r.id tnro~ tn~ 1>~~1~1 cGt'Tibia~tiolrt oltt Xt8 ~d e3 , 
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v,'b!oh n~ovidea the grid biaS Wl tagf.h ~'be ~tid Of L is COntl.f)Cted r . . 2 
to the plate of th~ oeoillator valva 6L6 t!U1outsh the block1nt5 
condeneer 0 • A..llOther variable oondeneer C is plaCed in 

Q . 

~lel with the lnductanoa It1 there.by mnld.ng a QOlllplete tank 

etroutt. !rll.e current ci~cule:ttng ·tn the reso~t eil?ouJ.:t. 

paaees through both ;r.ortioll$ of the tndtlotanQe a.1ild develope!$ 

a voltage tor ... 6he ~14 axcitat:tonlt tl!h~ oon~~ti:on ~'>fthe plato 

voltage supply !e; lQ).Own. as the ahttt\t ,f~etl~ g:b.a dt:ri!l!ot~ component 
1 

o'l the pl.3·te o·u.r.r~nt is s:q.p~~l!e!l fttom o.. st,~b).~i~tad ;tower supplyt 

tv-t-on...¢ .a. :radi.o frtH'J.U~~:a'3y ohoke~- ~fJ bltu.ili:.i,l1(1 fllt'lf~Qitor 0
0 

' 

wl:lioh he.a a Pms.J~l ritlrM.rtanoe Qompe~t1d. ·wi:t-1• tbu ioa.d itc1peaance1 

al.lowe a ~tb. to tllt e.~@• ~o~Ol:t~'l'n.:t; t.rbile 'iiib~ '1~o •. t;r'Ci'm tho 

power· supi,liY" is prev~nted. •· :l:b.~ ga=a_~ et.}n~ten$elf (!1t~1 hi:.tta· been. 

ca.11b:ra.1md ~gail'Wt froqU$'¥lC}l bt "th~ l!,Ql!~ of & uig.t t·al CO'W1ter• 

tim~ (t1o4.a.l . 70i; ma<la }}y \t DU~J~r!mi.~~ v ., , T~'l(U.a) a~ wall atJ 

ohe(}kcnd fUrther b;y· $.!'!. abeo:cpiU.t>n wv.verru;rte..r.f r~hr2.! eec%!w:J\·a:c.y 

re-Qeivmg cd.:r.-cuitf! at.t:) tli~eetn~eed ear11ttr; ~Qll¥)1@ts .ot the QoU 

wQ\W.d eJ!l'CUJ'¥A the ij.t'O tube,. ~ \7at'iabl~~ 'ttlltiing <teae,~~"'mfil' (a.tll)-ple)­

mented by a ,rornter oond.:.ne-er 1;f. ~prt¥V;~ t}l~ tu.~ arJolu:ao~~) 
and Q, radio fr~quenoy 1~ill~~t~:r:, aJ~ ~c:tttl.t~Qte«.\ iJ;l se·:t•ioG 

(L11g .. 2\!l~tr) • -~h~ ·tiiala o.f both ·the qo~ae~t:1:t- :bl tll~ ~~eo!ver 

· ci~~~! t M.ve: been ¢}lltbra;t~t1, i:r.r. te:J:m$ t):f' Oe.ltAA-oi.t;a.nce 'bf 'th.tr 

b.elp ·Qt an~ L.o,..n~ ·PJ!·t{lg~ .• ~r.11~ d~~l :r~a~.ngs ~ga~t.nail ~paoitanoe 

va.llA'.aa at-e- ah?wn ta r&igs. (2.J,_ 2,;fi r;ttld ~!.;5) • 
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~wo methods bav~ beon used hera to meaallt'e the value 

o~ ~e coil tnduotan~e (work coil). on~ of them is the d~0ot 

mtt.ta.st.tt'~ment b3 &'1'1 L~ :Br1d£te ,and. th~ other by u!nt£ the 

tort!'n4a., 

whe~e C ~ coust* 
~ Op039 to~ a slngle layer · 

qcil. · 

~ = Rad1u~cf tha coil in om. 

b ~ bensth of the <H>il in 0m. 
n.;:; titunbe:r ot tur® Md--&--ie 

a.,__d. K 'ls a ft.m.ct1tln. of G,a. .. b 

Aftet.. o.~lQulat.tn3 the v-~~e o.t L, now the va.lue ot th~ 
rnu.~l indue·tanoe 141 baa ·been e3t;t,mated aaauming plasma 

·-, indJ.u:rtance to ba u $C)COllda:x-y w1 th turn ~Y~ ty and ba.v.!Jlg an 

average cross·a~otion eq~~ to half the inner Cl:Ot:ts•eecrtiott ot 

th~ tabe ( SL~peon 19b0), 

r.~aaateln~Pt. -~9 Fbsu:~J rasia-t~~. pf . 'tJlm.~s .. ~c.9.tti!Ul. 
tuning _o.trou1t and ita theory. 

The method U.ed bel:"e tor detc1.1ninlng tho :I'~dio 

:frequcnoy resletanee •N" be c~tllt.td fJ>a ~ctanoo variation 

method. 'J:he. S0COnda.ry tuning <,;t:reutt coooia~e ot an ind:uetenee 
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( the oo.U wound a)."ound the j.)fltsit!V'~ colmnn), e, v~iablo 
n..n -. a. 

oo~~.m.eer and a. rad1&-t.requeney m1lltr"nete~• All the 

comv~nente e11,d. r~f~ :meter are oonn~oted 1n earlea~ A vel:'nlar 

_ conde.ns~J."' is fi·tted in parallel to tli~ above condonae~ in 

ordi$r to not~ ·tbQ eatnoi.:trutoe Vt~lu.e n1ore accurately.. ·Whe 

t;·H~O~~{l'Y' recei v.S.ng ouctd. t ie loosely ooupted to the ~a.dio 

lt~&tv;;~ o.scil:tato;r_,- (&uttely·-type)• which Le 'th~ dr.tv~g 

-QB4)tl.lator O:f desit:$4 :f'~0~fUenoy (l?!g. fl.2a ). ~llo aeoond!:tt'Y 

-:,.· tl.UUng o~ou1t is tune4 to t® ·des1r$d ~Euauouoy o£ the 

dx'iVing oscillator by prope:t adjWlttttent ot the t~ oondenaer., 
. 'ln 

~bo re3onant current I0 1n tba r,f:. lni~¥et(;)r mld the value of 
tho capac1tan$ ot the- tu.n.i.n,{~ conaense-r are l.Wt-~d. !rh~n the valtt(;t 

ot the oopaoi ta.noe in the aonde;nat:):r: is c~ed to some :other 

VfllU.e o2 by rota:t1~ 1tt;J· dial, s«). tl'k'lt th¢ currant in the ~.t. 

m~tar I 1 beooroeB J/2 t~e of the resonant e~rt1nt ! 0 .t..e., . 

10•-1l of I
0 

• Attar that th~ eapacitG:noe voJ.;ue of the eond~dr 
.s.s e.z.$111 Qbanged to a1 by rotating ~tl!J dial in th~ o-pposit$ 

dit.-$ot;t.en• eo tna·t the cur~ent 1n ·t.tts ~ .:t •. m~·t~ beoomes again 

equal to 1
1 

, ~he readings for 02 and o1 a~t~ noted~, 

When the $econdaey circuit is sharply tuned to tne 
d.~$ired :f'~queney, t)le inducod VQl:taga in the aecon.dn~; 

I . 

cireu! t be(:ome.s equal to .ID0 • 

!thtt3?efol:a. :S
0 

• .t
0 

~ R0 ., (2.1), 

wbel'e 1t
0 

is the rndio ~uanoy ~~$:L&te.nee of the o1rctd.t. \lith 

the· oircutt ln det~t\ oond1 t!on, it ·the ch&.nge in ~eaotanee 

vai\1$ 1-a D,. x, the- aeries J.mpeda.nce will. bo (R +- $11 x) .0 



or, 

or 

or 
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---·----·---........ ,. n2 
0 

) 

'rho· elight change of ~$actar.t.ee at the ut;pper ba.lf ·arn.l lower halt 

ot th~ ma~d:auu.m. pow0r i\)te reel~ectivelll.t 

1 

'~· w,-,·:· .. vz. 

... wL. 

wo1 

(2~6) 

-t..a~_ cs w $ -"l -~ ~ ... :£ ;:jl; roeonant tJ:ertuen.oy. oomb~ ~qua:t1o•· 
uUwlllo•;g . .l!'io •• .LJr 11' · 1:,' , . "'l(. • 

(2,5) and (2.6) we gE!t; 

"" . t'* u .... 'tel 

. ,·-._?. - 1, (2~7) 



._ltM,_ Jy F. ··efQJ JJt 

2 
1
a .. · · I .'""" . 

q 1 
(2~.a) 

rf.nus knowlng 'the valu.afi ot Qa' .u1 · ' I:1 .eJllt I0 , the l'~id1c .. 

flfoq~ency reaiat~ncer a0 ot tthe ci#4Uit hae be-on calculated bf 
uetng tho eQ;ttat.:Lon (2 .. 8)~ 

lf·o have a Oh~dk of tht.e v~iue ·ot RQ • the n.o,. r~sist~oe of 

the :r .£-,, me tel! 'btJ~.s bean meas'W:'ed 1..-.y -an LQR ~1dge witb an 

a:ppr®entsion tlu:it ~· J:estert~ve eo~t~.:u.)~tton ot tl1o olb,er 

.:.fi!1f$ments .:11\ the nertwo::k will not b$ a. a.t:r11i.ti~nt P~mount 

( a$ their dimonsJ.ona W$;-e n~iliflib!J' .tacall) e..nd al.s.o keeping 

th~ tact in nl!nd tha.t the r.t., m~te.t· re$is'ta.noe dooa ao·~ d.tev 
j__ with tl'J.e. fl!~riuenoy utJ.:U .• ~Sett~ And in £ir~>e·h, it has been fotU'ld 

that ·the vuue of th~ r.t ~ t'ealsta.n~ ot the whole netwot"k1. 

:mea~ed by tbe ~ea.ctrm..o,_, va.riattQll method; is only" sUgntly 
' 

~eater th® _the a ,c.. resi.stattl'le va.lue of ih~ 1llete$:"t v,;htoh waa· 

qui~e in good asreement with the expaottt:\:..iOth 

~$Jil~s::t>Jon,1ot:t~~ !7-~it .. :t&o!N ,m\l~.D.~a ,.ff..tiJ!U~ ,-tb~ e.oq~:ttxe. 
-aoi~ .... --.·· ,·-n:f a. law: n12asrntt!?A m,e!:®r!l atu.l., 
.~ ... ~ .• a !., .. -...._ .rM lW.~Ji\1 ~ ~ Iii M_f-

mhe e:2tper.l.t!ttnttal nrt-angonwnt{:l aet: h&r~ reliaiU 

almoE;tt eame ae ·the ettl?l1er ones except with eligllt motU.ftcatio.u 
111 the d"sign of the m~~Ou,t;'f aro t\lbe~ ~boup the 11re~~n:t tube. 
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hc.a aom(1 othei" dit,f$J:el;\des in 3;ta conat1."l.1Cti.O:!l.~.1 .features t:Ji'om 

the ~arli~lr .one• tb~ dimena!onu of tile tllatn tubo: lll11Ve b$'en 

kept fJ$mt:, eo t:t4-:t.t sosa eltpari~ntal d1a·t~ :t:com. tha prev~ou.s 
a 

works oan be uaed hero without errOrt· A g~so oonaanser of 

:tengt'n 20 ems. in fi:t'ved along the m1d•port1on o~he tube with 

an aim to pass VJ'a:tell uound ·r~he positi'v-s oolwr~ of the m$rcury 

arth. :the t~m.pel:atura o£ tht.s (H.t:tflowtng w~t~:1 hne been meaeut'ed 

\'"lith an o:t:dillal'y m~rcu.ry thermometer i'i t·i;ed with the condenser. 

Beal.dea tbJ.e, ~ glaes capsule conta11U..n8 a eJ'il'!aU plattnum 

w.'.W'$ eoil bas been pla,e.ed at 'th!J! ~ia ot t·no tube; and the two 

lea4a Q! the ·COil. are kept. ou.taide the 'tu'b(J~: Tbia f:U."l'a!lgemeut 

combtnad ~vith th~ usa of a met~J;- widge: t~ ·a p .• o.aox ae"ed. 

the Pl.U'PQiSe of a platinum l.1'e.e1etsmce tb~rmome·tex· whiCh me:urued 

the t;3mperattu:a at ·t;ne axis Qf ·the a.ro tube. at. d:Lf.terent dis'!"~' 

charge condi~~.tona, •. Here also a double-probe $rrangeru.ent hea 

'be~n used to mea.au.t'a the voltage a.cror&a the positive column, and 
-

ona ot t11ea~ pr;Qb~$ ban baG~:n ~mploy~d to mea~e tho electron 

tepera.'tura follovJing the ·s't!tn®d ieemiique ~· 

Xhe •pori:tlleu.tal pr.oeoduz>e is q,uite trt~aJ.gb.t fo~ard. 

The platinu.m re~d.steuace ·the't:"mcm.etal:' is .fust calibrated and . 

wa·t®;r .j.s flo~~n ·f.a:u.~uus;:~.. the ¢ondenael>:•·· The arc is then d:cawn• · _. . 

. along the tuoa. Some time is allQWed- to paao to achieve ·t}).e 

th~~l. equJ.li'bt+iua of the pl~ttnum tl1?~om.etu:.t:r at the axis~: 

~he t~tnve~a·tt.U;>a ot tl'le plat:Ulu.."U :l'eada !nci which is tie t~po~ature 

at the ~ta •. ~he merc-...r:t .. , , .. thel:'momater l.'GJ'lds tlle t~mpe:rature 

a of thGJ outflowin,g we~ter. ilY'.V due tci finite eonduot1v1tY. of 



-o~- gla.sa tht0 a w;l.J:.l not be tb.e actual tu.impoX"atur~ o£ the plasma 

at the pe.:riph0t'Y• ~Ot-ring tb$ thiokn~e~ and e:dltdUQtivtt;r of g~ss 

of th¢ ~J.b"'• the aa~ pertpheral t~ernt~e ~1.\\V ie calou.lated. 

~l:le- e~e experiment tEl ·repeated tor different d1sebarga our~ents. 
. . . - . 

In eaCh case the rete o.f suPPlY of be.at Q
0 
1~ ooleulatett by 

k:nf)wing the dt~u:~barg\l o~.;:en.t and the voltaa;e aCl:oao ·tha plasma 

oolwm Ul'lder study, 

Electron t~mnel:'aturG meas~emea'b- b;f aa .electroe·ta.tio !Imn~u.ir \ 
II _ ... Bl.~l t IIMi ........ ,,fit'G ~- tlnt~l .111Jl ,llttl .JUS:!f~.t ... • •4111"'!*.1U b ....... J W:.I!IJtte* ~.Si"WM 99 •'' 

Plfflhl-,'\ 
'IJIINU~fl! 

~ha methOd for dotermiua~ion of el.otron temperature 

by all. oleotrostatie. probe 1e baaed on ·tne poJ.Grizat:tou o£ llt 

plauma. A metal ~obe (v:tz .. , tungsten) ts inae~m1 into the 

plasma (ll1g41!2.6) and tb.e o~rent .to the prob~ ia .meat.nured ae 
a :tunctton of the probe potential (vol·t-ampi·e- Char.$,otf!r!at1e, 

Fig .. 2 •. 7). In. l11g.2.6, 0 $tld D ~c ~wo aleetrodee (anode alld 

cathode) of the dimCharge ·tube in which tho @:i~ 4is~g~ te 

exottad, :1? J.s/the electric probe• v and A a.J::e the ~oltmeter 

_'i_ and ammete~ xoeepeettve:ly whtoo give the vol.t~psre chtu:a.c'to~ 
itrtioa. :B$low 41 thfi# .f.tgu.re ls tll~ sourea o~ t.be voltatga appliad 

to tbe probf; Md. a potent:iom~t~r arrangement to- VSJ'l":/ 'the ~oltage • 

.!At. important ~oparty of pla~s ~l!1~rgea cle~ly in the 

probe mertho~i Pla~ do not obey Qhm'~ law. Whe cur:?ent is 

de'te.t"mt~cl simply. bY tbe niSI-€P'li tuda of the ebarge which ie 

transpolfted by ·the posi:tt-va ,otsn't1al.-r 9.:h$ current ia found to 

a.pprcmeh tl. limiting value, .o~Ued the sa:tura:ticn current; which 

is !ndat~ndent of potential n:a.d is d~te.rnd.ned by th" Qharge 

which t.a tJ:aneported by the el.~otrons that etrike tho s~_~ac$ 
' 
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FIG. 2·6 .. SCHEMATIC- EXPERIMENTAL ARRAN-
GEMENT FOR MEASURING· ELECTRON TEMPERATURE. 
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Qi tha probe #.l'J. th$.1r the.tnull m.tr~;Lo-n, ~h$9 ~.Jil,t!'k:P.e lt)f the QW~hnt " 

o:t baing satu:r:ated may· be sef..l!n from the :Cie;u:;;e. o£ .o;;ol 'l•ampen 

ohlt'u"act~ristio (l?.t.g. 2,."1) wh¢wo L is the current to th" probe and 

v is the pot en tiel :vela.tive to the anode tt mhe §aegme:nt .tfrl 

repr€'nsan.te the ea:turat1on current. 1he electron tectt--.ernture on.11. 

be 4ater1ll1n.t~d w1 th X'e'Speot ·to th;) 'VOlt•anlP~ro Qbal?e.ct~ist1c in 

the ~e$ion in which the probe~ a n-ega-tive potentieJ. r~lative 

to tlle plasma.. In this. r~gio:tt thG· probe repe:ls the ol~otlWns and 

the Gl.Wfeca ,. ot: the ]JJtrobo oau be· rt>:~ohoo by onty -~hOt)~ 0l$C'tro:rus 

in the Bol t~mann d1etrib'J.t1on wl1i¢h. lUl.Vil ene~gi.¢a sufficient 

to overc.om~ t11o Pt.ltential difft~mt:nce V ""' V 
0 

.~ V is· tlle prub~ 

pQ1i~·l:lt1al. and. V0 is th~ pla~ma lJOtent.tal. Hauoa, 

lo. i = L v + OOMt ,. . ~ . . . . • t 
() 

where e is the ooortte ·ot the electron and ~e ie th~ "lectron · 

temperature in en.argy units.. , 

By plotting the' current 1 as a :tunet1on o:t.th~ potential 

v on a lopxotthm!c sca-le; we obtatn a. .!3trat~:t liat:J/ ov~r a ~iide 

range (.trig.- 2.,8) • !ltu1J alo_pe o£ ~Jlie 11:-na ellCt'rs us to IJ/Jter-mi.ne 

the temperatwe re e • 

The aetunl va.:Lues ()f t h~ eloe·tl."Qn. temve:r1ture fcru;u.ti :in 

the pres~nt .~periment may bet aaf)U i:n Ohaptex- V:t .• 

ARJUtil~~.A .• ~P. PH.~~[QJr~;.,OF. "'· .·14Qf1l~®:~~\L. @iAG!~J;j:J;O .. ,?.!?~ 
Moaautemen·t;e were made i'or a, mercury el"C pl.Q.ama tormed 

within the same a;rc tube which wae ue~d ea1:licr for the 

determina:tton ot azilnU.thttl :radio trGquenoY cQnduot1vity and 

radial d:lat~ibtttion .ftm4tion throa~ two tuns;aten Pl:'obei$ 

f~tted in the poeit1ve column nnd the e~il WQund around the 
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FIG·. 2"8 . VOLT - AMPERE CHARACTERISTIC OF A -LANGMUIR 
PROBE AS PLOT_Tf;D. Ot4 A LO~ARITHMIC SCALE. 



·~ eoluum .. mhQ cn.11 .d1f£e:tGnae in ·the exl}le:f:.$tnental. Q"~angement 
,trom the p:ravioue Qn.G lie.~ in 'the fact tlk'1> t ll§:1re ~ l(ltts4t.u4il'.\St.l 

masnt'!ti.o f1eld bas been applied n.lona; tile potd:tiva column. .:for 

·thie pu:f'posa the two pQle piaoes of an ~ieat~omagn~t wal."e talten 

OUt ~nd tha arc tut1a \:'Vf1&D placed lMitlG the: t?iQ ~1).;s with its 

t:Jxia parallel to that t>:f the coils wA1.ch w~re J"aate4 p.arallel 

. to each 9ther on. th$ tabl.o,. ·tbo t'llatauco Qi" s&Jparation between 

th~ two coila b~ing o£ ~he o~de~ of 1' - 20 ems. :line power to 

th.e eleC"trow.a.gu{;)t aoils w~$ Etu!;rr4ied f!Com ~ D.o. &OUl'ce. A n.c 
· ~).eto:r? ( 0 • 5 amp.) f;nd rh~oatat$ W$x<·~ kept· co:.e.mac1Hl:d .tn 

s.or~fie to not~ ~nd vart;g the QU.r~e.n't in 'the eit-cmtt. i*h.e o:t.ro'llitq 

~ones.?onding tQ tho twc tub~ Via$ B.atn$ a$ befo:fe. A at:Jhema.ti¢ 
'7. i. 

ez.l"l ori:nellt~l ~.t'.()l"~ment ~fl ba~n shown in Fiet., ~ • .t!eto~ W ~ . . D A 
. . 

eterti:ng ·tho ~Jtper,1Jn(int th0 ltl.:i~tic fJ.Gld was 1'$-=at qalibra~4 
the · 

with respect to d.i.tferen:t O~l?ente (lflg. 2.10). Now an ).!lt·~t of 

tlle e;gpe~tmr.snt .Q HaU probe v~aa pl.$eed perpamU.cular to th~ 

eoit!.. ana at ·tna centrt;! 1.1te~ at a point midw~a~~t batw"n the 

masu;:rb coil~~ After en~~si~ing tna co,il.e the .magnetic field wa~ 

tueas~ed at «!tferen.t potll'tt:J on t~ oft 'the ~a by movlntg tho 

flall. pt-ob~ £iret alr.1nt6 ·t:n~ ala a.ntl tb(:l¥1 ~t"o~a 'Uhe u1a in all 

dU'ecti.c:ms1t· It wa.u observed tl'lat . th~ ~~tie fi.~ld :remeinad 

fetcil:l1 parallel .tmd \\"aS tmito~y eltt~ed upto at. leaat 10 ~· 

a.t th~ oim.t~H.l ,po$~io1-1 •. Att~ be!na aaeat'i~Qi.!M~~ o:f the abov~. f$-ct 

during the &$~.lm0n.:ti tbe uo tube w~$ Pl$cad bet.wQen tha 
rJagno·tie <JOila co•axiGJ.ly Qnd the @eomatry of the whole 

e.l."tangement v1as su¢h toot tbG ends ot the a,:r:Q; tube could. ba 

•, 
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-~ introduced into the bobbin holes and the positive colm~ region 

which was to be prqbed, occupied the space where the ms.gnetic 

fields wer~ parallel and ~iform. 

--{ 
/ . ' 

Both the magnetizing current and arc current were 

obtained through the same D.C generator and the currents could 

be varied by _two different sets of rheostats~ The_ coil probe 

c.urrents:an :lmE were. nc:ted_~ as _was dop.~ ,previously? both_ wi tll 

arc cvxrent on and off conditions and also in presence and in 

abse.nce of ~gnetic field. It is now worthwhile to describe the 

sequence of observa~ions and measurements. 

(1) The solenoid coils were widely separat~d so that 

the arc tube may be tilted freely to get it striked. 

(2) As soon as the arc was on,_ the arc tub~ and the 

solenoid coil assembly were replaced in the ''I>roper position' t, 

(~) Rheostats were adjusted to maintain the deS:i!i'ed 
. r 

discharge current I in absence of magnetic field, 

(4). Magnetising current circuit was turned on and the 

current was adj~sted by rheostats to its deslred value ~1 and 

then turned off. 

(5) The probe coil was tuned a.nd the r.f, current i., 

(i.e. the coil probe current.in arc-on condition and in absence 

of magne·tic field) was noted. 

(6) The probe-to-probe voltage E was also noted in 

the above QOndition. 

~7) _ Ivhgnet was turned onj~nd it was observed that 

the probe-to-probe voltage and discharge current decreased. 



(a) !l:lle aboV'e qc.a.mntttteu ( EDt tn) were n,oted. and rd.mul:taaootlsly 

th$ coil proba current i.B (in Pl1C~B(tnce, ot ~~~tie fL$lJl) waG 

aleo noted. .!?'or lowe-:; at~~Jchargo ourr~nt -to a.vottl mttinetton o.f 

the aro) ttfte:r: $Gqu.euCQ ( 7) tlltl diecM;t·ge cur.t·e~t l,a was ~ediately 

ad3Uated to 1ttu prevtOUk) W~Ue ! in presence Qf' ~t!o field 

and again :a.B and -113 wel~e noted aimultane!P.ualy ~ 

(') Opaaatton" (7) to (S) wex>e !J1epes .. ted tor diff~rnnt ma.gn$t1o 

f1!1ll4s·~ 

( 10) :Both the mr~t and the oro were turned. ott-

(11) ~e ooil probe was re-tWl4d and the tuned, ourr.ent 1
0
(1.e.the 

coil probe oux·r-nt J.n ~bsenoet ot plasma) was noted~· ' 

~he above sequence was then repea.totl for Uf':terent $rC 

cu:rr~nts (I). !£he seqt'M.il.lCe ( 7) • (9) wu pel'fo~d within a ve.r1 

short ;peri(ld of tJ.me eo tlla.t 'til:le • •arc c()ndit:Lon' • r~tned 

u.l'lalter$d dl.U"in..z those sequence of ollerat.to:ns., It ia n(m wonh 

while to ela'box-ate. -the term • ·r aro coniU.tJ.on' '• When the are is 

turn~d on, it $OOn roaChes an ~qu1librlum maintatnlng $ cteady 

ClU"re;nt, a1'ld po"it1v~ oolumn field depending on the suppl.y 'Vol't$g$, 

the reaietanoe. tn se~lee with th~ sro and th~ d ambient con.d1~10nJ 

tho later determ!.nes the tempex.-tltttrv tllnd h•nce the ·mercury vapour 

pressure of the arc. tt is evident tb$.t 1£' tho ourr~nt 1a V$1'1e4 

by ~Asini tho ~esiotaneo (:.R) in sarieo with tho are, or by ~ome 

-other means; tbe arc tempara:t~ and tn$trcury 'Va!,O'I.U: prt3eo\U!e 

continue to onange until the are re-.esta.'bl1ebes ito new equil~b~1um 

cclldition. We t~ e.a:q that t-he· '' aro ·cond.ttton • • ha.a OhanSed~_ 

Thi$ gra.dunl change ot • ' aro oQhdi t1on • • ia accompanied by 



as 

~ gradual Change in ·the positive column e1ectrio !told E. (or the. 

probe~t~probo vol~~ge E) ; but ;L:t tb~ prot»e .-. to- .probE! vol ta.ges 

are measured 1mmedia:te1y after changing the f'irC e1.1.r.rents it 1s 

observed that the elect.rio field r4iaotioolly rema1na conatant 

ove~ a wide r~a of _our:t>ent variations · (2-5 amps), whereae 

the ourrentwvoltage obarnotar!st,t.ca does not snow this type 

o£ fla.:tneae if tho probG vol to.aoa a:r.:·e :waaeured in equilibri-um 

eont.t1t1ons.: l:bis is be<k~uae ttu.\) late:~ measurements are in varying 

t • @O oondi:t.tone ' '• 

It has been obse:t"Vod by experienc.e that if ·the are 

ourr;3nt ( 2•5 .a.mpe) b$ varied. ( < :5 amps). the •' arc condition u 

remains practically u:na.ltere4 for a.t leeet 1 S seconds ftoom the 

instant when the change of ave current has taken place. Within 
' 

th!a .Period ·o£ tim" the pro'be•tt>-I)roba vol·taso remains oonstan:t. 

Now with ~ega1:dp to oo!l..apxoo'be meaeuremente aleo, the 

veriation o:t the quantity ( a,. 1 ) ( enaptu II:C) with arc 

ctU.'rent ebowf.l d.1f£e:rent behaviours dapa:n41ng 'on *httthe.r: the 

. measurements· are made in the same • ~ avo co.ndition• • (£at.rt 

mes.suraments) or in var1Jing • • .oro CQnd1t1ons H (slow m.Gasurements). 

In the former case it h$0 been found that ( « - 1 ) is prop(;)~· 

tioool to the arc curre:nt •:t •. ~his at·tuation .cor.reepouda to the 

results (iiaoufJsad 1ft ~pter XII. In tha next expeJ:J.men.t (Chapter 

l.'V) • every tttne the a~c ~4\':fitJ\t was. changed• $uf'ficie.nt t1mo was 

allowed to pass to ensure ectuU1brium, be!ol!'e ~ :aeasu.reme.n:te 

( E ·and ( ~ • 1 ) ) WtJ'Jle made t T-hus Ln. this case ·the me.a.stU"emente 

were tnade. in varying ~c conditionS and aa may be seen, (a· .. 1) 

and .~ di.d nat .eho\v the propor't1ol'l$l1 ty behaviour:.. 



"-¥' In the foa.~r caae i31noe E ~ins oonota:nt tor variatton 
' 

of: arc C\lr~ente. and since ( ~ • 1 ) is. propor'tilonal to x, the 
F . 

quant1 ty ( (.t """ 1 ) f 1,\nd,_ b~l)ce the constriction pQ'~ter 

(equ~t.iona 1.1 .. 1 and. 7.18) beoomee J.ndepandent of I. now 1/f the 

me.~na.tlq fJ.&,ld. ie tu:cued. on the aro c~:.r$l'lt c~ges; · , · .. ap~ 

from the intt!nelc ~~a.eQna tc;J: tha ®ange of· arc cl.Q.'~entc; 

therei waa ~t~eoua :reasons alao for the pra.,ent axp~;~~riment. 

In our experiment. \loth tho ~c and ~th~ ;magnet qoil wae -enettgifM~4 

by the ooma power supply~ !l!b.Qe wh~n the magnat wae turned on, 

the supply VQ11;ag,re dGoreasad clu& to ·the ext~ load and. thet a~c; 

current t'oll and even it th($ :magnetd. o confin.tllg ef.feot is . 

negl1.g1ble: one c~t put n.;a•- • a.' ~ t() ar1V$ at equation (7 .. 30) 

p~vt.ded one aet:umQfJ tb$t the· uonstxr.tot!on parrunetEtr is 

indepel:ldent ot cw:ren:t,., Ot course tlli$ a•sumptton tlaY be made_, 

a$ {tiacusaen previou-sly, if tbo me~$%Uenta ara made in the 
. . 

eame "ar:e eondition.** • P•t'O~ing the ope~$t1one (9) - (9) 

within ve11y nho~t ~r.totl of t1tnit ensures the: validity o:t the 

-~ la:$t assumption 111ade £n arJ>J.viug at equation (7,,0)• 

9:he above d~$CUQsions also 1nd;1Qate that the operation 

( $) rray b$ performed w1 thout queet.J.on.tng tho Validity of the 

aasu.mptlol'1 d.escr1boa oy· the $q.Ua.tt.:Jl\ ( 7.29), lJt'OV14ed the 

• •arc oonc11t!o.r;.·tt io not 41eturbed. It wae found that it the 

tUl"C ourgJents were Jn the lowa:v sf.de. , the reduction of currQnt 

due to tho· application of ~gnetie f.teld sometimes caU$ed 

elttinotiQn ·of tli.a arc. To avoid thi&lt in:m&di~tely" after applying 

t~ magentio tieldt the arc our~ent was adju~ted to its 

-~ ortgiml v,'$1\J.e (operation 8), when neoesea~y. 




