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~he poesib.tli·ty o:f the ue·;, of ~.~. sLgool a0 a 
' ,-

d1€$l>.Ost1e Pl'Ohe in til$ study .oi tho eleotriool gas diaQ~rge 

phenomenn. vm.o f.tr~St su,gseetod l>Y Va.ndtU." Fol (191;)- F9r a 

partially ion1sed ra.on•equilibrium. cold plta.atnt..,_ tne ~d1o 

fr~.quenoy cltt"rent detUJity , Ir.£., that flOW$ tlU:ough itt 

ia given by 

where :m is tbe electron tnass, e the electronic Chargo1 n the 

uumbtU' (lensl ty and i>e. the colUston bf.lquenoy ot th~ •leetrcne 

in the plasma, and w ··bho ~:J.ar £.t'$CJ.U.MOY of the applied 

electric field x0 ejw'l~ • In 'the d~ri.va:tiOll above, tho 

r~~eu distr1but.ton ta \Wtta.lly Ufilunte<l :f.or eleQt:Cone 'flh1le the 

motion of .tolle J.e negleotod bf.ica.use of the1t' .larger inertia. 

Further the .constanoy ot the electron collision ~quenoy~ i$ 

tl- also aaaumt.Hlt regardl.o~e of the eleouon velocity and elect.ri~; 

field etrellgtb~ Benoe the complex oonduct1v1ty iec given bJ 
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' 
·- It may thus be aeen that both err o;nd <r 1 are ftmct:tone of (i) 

probe fre~u~aoy w, (~) ~leotron deneity'n and (iii).tbe collieion 

f~$quenoy ~ whioh t·teel£ is o. .tuntrt.ton of preacure. !fhe. value 

of ·the condu.ct:tv! ty 1e ~imum \tihen 'l{ = cv iu which eatSe <rv1t ·• 1. 

~hue-- by nwasuring tho v~riatton o;! conductivity with frequency 

of.·"-th.Q r.f. field, both tho eleo·tron :QOncentmti~n .and collleton 

frcqv.enoy can be obtuittt!Hl• 1J!be oonductivity of 1o.ni0ed air was 

measured by ebilde (1~1:~~) by $U.b~titutton ot a resistance of · 

known value tor th~ 1~~0 resistance ot the i(nlizeu gas,_ the 

oectllation f~EHluency being 1 !:iliifl ~- Appleton and c~ ( 19'2) 

~tudied the variliition of the ~4io trequtmey Qor.u1uct1va.ty of' 

ioni.Qed eir with pJ!'eotjlQre at a frequecolf ot the ·t>rdar· ot 
1000 .W~a, uc!ng a Leoho:c wtra &yt!!tem cq~pled ·to ·the oonf!~e~ 

within whioh the Q.isoharge tube was plaoed, the rod-to frequency 

current · being rect.Uisd 'by mea:1:1a ot a galena cryeta.l and 

det\lcted by the gnl.vanomater~. As the ·conduetivi·ty .f.ncreaees, thJJ 

galvanometa.t .. d'efler.rfl10tt. fa.Us and Appleton ,and Ohapmau obaerved 

that the con4·tt.ot:l.v1tsr nttaLn$ a,. ooximwn Value at • certain · 

pressure and then 4eoreaeas in aocur&ancs v.tlth the theory; but 

theyoove r.ot reported ·any absolute value Q:f tho conduct1v1tJ 
I 

for the ~ .1~tre~t1go.ted, namely, air.'~--·Bimilar study wu made 

:!.n caso Of $Ulpb.ur dto:d;.de e.ald ;tenon bY Imam and Khaetf$lr (1937) 

in tbe. pr\ltlleure ran~ 10 ,.... 120 em. ot $J:.>oury uaing ra4J.o wa.Yee 

of I\ :; 491 em~ 

~hG .einlple theory outlined above bas beon modtt.tea by 

t.'nr~l.l (1946 )_ by tol~ into CQZWiderat1on tba prope;c· 

--- velocity d:ltr,tribut..Lon r:.uld amvl,<?dinr; :.Bolt~ transport equation. 
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ne2 1\ 
cr = r . ..... .. .. ,Jt...... cos w t + 

;f2n m k ~ 

1!.or values Of -0~ > ) cJ • 

Icter on sevarnl authors developed tb~ theory ccMtd$re,bly. 

neweon and Oberman (1.962,. 19,6') have <teveior~ed un elementary 
I 

-
-:W of pl.Mma~ :a~:r...~ Da~k (1964) showe-d hCWJ tbe plamna model. 

su~$ted by Dawson f.Ultl. Obe~ ean be adopted to yield. & 

k!net1o dssc:r.5..p"tion of. e1-eotr.t.~a1 tra®p~.rt proeetssea·• wbieh 

1s unif'o:mnl$ valid tor high a:rul lO.\~ tJ:oq;u.enQy tl-u~or.1ellt as well 

an for t:tnite wa.vel.engtru..., 

~he ·tbeon ot the eleot~ioo1 oolldaotJ:t1 tr of a. ~a 

whioh 1ll o-.tther fullf ioniit(td or weaJay J.onisad bae been well 

eetablished. tor a ~r of wea:~:s •. But 'Vfi~'S l.ittle q~nt1ta:tive 

W- tntortmition uiste, princiPallY b6lOO.'tUiS' of tb::> math$mat.1cm1 

eomp11ca.t1om'J which nJ:>ise wn~n the el&otro~ctlectron interaction 

is !J.'lclu.ded bl tho l~l.t~&mn eq:u,a1d .. on* l\ecent1y Jo-hr..eon. (1967) 

calculate!l the eleet~1oal +"JcPlliu.et1v1ty for a variety ot asrrw!\ed 

eJ..ectron ..;. molecUle colli.s1on il!v:u.'luenoi.o!$• ~he tteaul 't$- d.if'ter 

by only a tew pertleat t.rM tbcee ob\ta:lned ue1ng an o.p~oxirna~1on 

sussested ~1 l!'rost (l9G2.i964) •. A rd.mple pro¢edure ,, J'equiril.tg 

no :aum.erieal integrat1on.e1 nan. betiin gtvan there relattn$ 

electron t~perattllZe to &leotrice.l conduetivlty for a. part1all.N' 

ioni$.ed GQG• 
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SGn and (!bosh (1966) a·tu~ed the properties ot ion1Z$d 

gas$8 experir£lentslly by us!ne radio ~E)que.noy probe • fhe fS.d.i.o 

!req,\l.enoy _.?ondu<rtivJ:ty ( a- r ) of the ionized et~ and 1'lt trogen 
·' 

has b~~1 determined at vnrious ll~aSUll'ee and ~ at var10l.Ui 

vo.'!.t;\ea o£ discharge curt-ent. {ClU3Y obseteVed ·tb.9;1f cr r: ilte.t?'eaaes 

~wi"tb prost:\u;r~ and attainilig ~ ~tmum value ttradua.:l.ly detir$£lses.-
o:f er-r O<:e.U:rS G\..\: lk.._ _ 5-<l.'me '\9<Alue 1- \n'I2S.SU'1'12 .ftn-. cl~.fl~Tent d<se.ko..~e 

The mw.:iUlum -valu$ J. Q"Ur!'anta fo;c th~ ett~ gas,. In the ~o1J.ow1UG 

ifem;r in. cur labo:r.~to~ Gupta end ~'ln4al (1967) $tu.died the 

~cd!o frequency conductivity for s :field embedded plasma. 

~.ta (1966) pres$nted a atlnt:tle tecP..niquG :tor .mea$\mi118 

thE} -l'i~~ eonduotiv1tt" The l!lethod waa. baaed on the obmenaticn 

th.-:;.t lla.U QlJ1:rent ood !I.e.U voltaae are rele:ted t?.itttply-· to an 

clect~ical res.tetanc~. -!Chit1 metlWU fll£!3 ~lso be ~pp:U.ed to the 

c;caaw:ement of elaQtron clens1ty in hiGh preat::;l..U:~ pla~~ An 
. . ' 

1tup:tYOVod probe method ot mea$\lrJ.ng '~he $l&Qtr.t®l oonduotiv-t.ty ~ 

o£ low t~psrature plasma is $~t out bY Kho~hablev and Yartn 

(1956), Thoy pres~n:ted, expet>~Atal date.: l'egcrd!.ng the effect 
)" 

,._ o! layers neax- -tue ·elel'ltrod.efl.\ on the probe readings •. 

:alrom a etud.y of oorl\plex oondu.ctiVitY ot meX'c-u:ry vapour &t 

miorovtave fr$\lttttno.i&s 'Aale:r (1949) has ah_own plot::s of cr r and. cri 

v1ttb wrre:nt or pree~UJ!a wh$n the ·o-ther .ta .fixed,. Ustng the 

theox>et1<;al ~xpreaoion of :Margenau, Adler cnloulated the val~e 

o£ the eleot~n density .!.n the die~llar~ space ·ana. cottlpa:ted thtl 

vDrlues thus <:ibtatuea. with thc;;oe obtained upeli.mGnta113' using 

La-ngmuir probe. mea.eU:i'~nt~h~ A~~er tound that the tb.eorettc:al 
and e,xporim~atal valuae agetJ ol;osely ann tnat <J v~le" linoa$ly 
with the diee)Wrge Cl.t't"tent. Alekeandt:OV a.niA ials"f)llko (1965) 

~- $tudied the complex conductivity of neon plasma by the Q-rneter 

method. f.he results ~a glvGn ~eg~u:-d1ng measurements of the 



e. active and reaeti-v~ components o£ the e.onductanoe. of the 

parallel plate capacitor containing betweon ita electrode~ ~he 

plasma of a posi tiv0 go. a disoh.arge column~ 'l'he fl!equenc7 ranga 

was 0,5 ~ .25 i~z.t tlle dieohP.,rgs current.a we~ 5 • 100 mAt 

ana varioU$ gas preaoure@ were used:"' ~he E)xperimental :results· 

were in good agreement with the theoretcj.~llY Qaleulated values. 

. ~her!!) exierto a l:.arg~ number .Qc;f' ex;pe.rune.nt.~l. and 

theoretical $tudiea re!~«tns radio fr~quen¢y probir~ ior 

magnetis~d ·-pl?Jsma. Stnoe the pt.'J)eonce o:t a ~e;nttie field 

Qhangee ·the various cbareote:cist:ioa of a dioeharge, it. is 

natu...""al to ~pose tha:t the eonduetj..v.t.ty oi' an 3-onieeil tSas 

will also ob$~ in pJresence··o;e a. magnet1o field. Coruluotivitt 

of iotU.zed gaso.s such QO eir', Xlttroaen nn& bytb!'ogen in a 

magnatio field was m~M~~t\rad. by IotW;sou and Uihul (1.9;,5) :for 

pteasure grao:te~ than 1o•3 mm. o.f ilg. who fo®d t'h~t· ~"lima 
. other 't!lan those du~ to !reo el~otro-ns cO'ill.d b~ o1Yta~ned. 

Wttb vet:'! int.em.la f'!eld$t only ·tho viblu:~.tion due to free· elc• 

W- etrone remained, tn-o Qthex-e d1eaPiar1.n8 &.lld t.b.e- values ot ·~he, .. ; 
" 

ma.gnf!ttlo £1e1d. givbl{J ~im'tlm qol'JituctiV.itY varied with prcs.:.:rtU'!)• 

A the-or; regarding tJw v~1a:t1on of rad1Q :t't!~tJ,rt.ency coltduotiTi;:ily 

w1 th magnetic field w~e, propoucd 'by A:rn~eton eud noohar.i.we.la 

R't9,5) \<Jbo ahowod t~no.~ the t$~1 t)a::t of md~o. !'z~EJ.Ue®y 

oonduq:ti:v.i:ta-~ :iJ1 u masnet1o, £1~ld ts 81 V()n l>Y: 

a-r.~r~ 
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4 "fth~e n 1e the nwnbe:r of eloctztona vor unit volume and ~ the 

Q0111e1on trequeucy, w is the a.ngu.1ar· trequency of the 

ap-pliea, f1eld and Ct\ • e ~:-~/m. · , Ji g~ne~l. theo:r:y regr:u~cl!.n$ the 

variation of radio treque'ncy conductivity o£ 1on1~et\ gasoll 

and tts variation with pressure etnd xnagnetio £1Gld ba& 

l:Jl"H;~n worked out by G~lard1ni (19~9} \"fho de:r:J. ved the 

ft:~tpr$Bsf.on. tor the eonduotiv!ty of en ion:ta~d ~tas unA~r 

ttA~ following a$et1m.pttone o 

(a.) when the dist:t-i.bu.tion. function ts prpdomina;Atly 

eph~rically eyminett"ioal jon veloo.t.ty !lpaee bu.t :not 

naecea~il1 r~,l~. 

(b) when the f>leQ'ttlOil eolli.eion treq,uanoy is an at"b.i.t~~t 

funotion of eleetttGn'Q'eloo.t.ty, the V(;\lut of tn~ compl"x 

conductivity is given by 

tn. pra{!ence ort ma~l.e'tic .f!'illld he def~il ~wo cond·u.o·t~vii;1$Sf 

a OQliduotivita' Cfc :for "tho, X'i~:t-llmlded pQl~i~t:.d;;i¢:tl at:.td. Sl 

COUdUC~~V1ty ao. £0~ thg lett i~dad VOlarization~1lV~~ 



4 e.nd the co:nductivt ty in the direct.-.on o! the field is 

g!van bY , 

t..e. . I e~n r vo . -vc cr =· .. · .. _ -. -.~+····· .i!l,~. rH m 1. .. · c:. 2 
. . .Vc. +( w ·- wb ) ~ +( l.J + 

~ · .. 

and aft~ ~lmp11fLcat1on it reduces to tha result obtained 

earlier bJ' Appleton and l3oohar1vlalla~ 

lAter on sever~i :a-uthors (\'Ju11965; Obe%'1l1S.l'l ana Shura, 

1'963; Sehweilzer tm4 W.lcbner, 1967~ Green·et al, 1965) at~d.1ad 

tlle ion1$'id gas in preaeJLao of Jl!a.~eti.C field. and dfflVGlQped 

1il1e theo~ aolta14f4~bl.y •. complex eottductivity o£ a. plasma in 

a otea.dy ma~tic tlelil ha$ been etudJ.$d bY ~dban and lne­

Gupta. (.1961) • ·They derived an. expre~aion £or the complex 

conductivity tenae»Jt of $homogeneous cla.ss1®1 pl.ami1a in an 

e%tern~ uniform tlngnetio iield ttt.Jing the Kubo _ theory o:t 

t.ransp~rt phe!?.omoll.;~ and obte:.ineQ. exact J:$latione betwean 

the cond~ctiv!. ty tensor in ~ pre11ence o;t tb.t) magent!c tiald:'. 

and ln ita ab~e.'4e~'h :In. the er.tm~. yeax, as ta\Ultionetl earlie:c, . 

Gu,pt~ nnd Me,lld.al. (:3.967) •£. our de~ment studied eL~bo~ately 

the r(}elf.o f~~qu~noy cond,1etiv1ty of ~~gnotiz~d air nn(l 

oarbo~ldl.o:8:14a pltlem:t .t:t):C a w.ta~ l'~.:ur~e of pt'es~Are .-r· lt waJS 

ob~orved. tbnt, QO:nduotlvity daorea~~a in pree·ence ot magttet1o 

.fi~ld tor all values o:t prcowra ~nd ·tne pre·e$ure ut which 

'·eondu.ctivity beeom~a a ns.ld.aum ill(t:x>ea.saa w!th 'the 1nQX00nne 
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·4. o:f ~t1~ :tteld• fhe reauJjotn w~ e!tplatned ta!Jrly w"ll 

by·~ ex·teutcn oz th~ tbeorq vut. to~d bN Gtlard!nt. (l9i9) 

a.nd thtl q~iti tatJ. ve ageeet16:n.t waa else en't.!staotory ~ 

MQet o$ th~ r~dio frequency probing e~p~rtmente 

d~eocJ~bea $bove gi"V6 ~coounts ot thEt plaaa"'t 43-a§'l!ost;Lc 

ttOhl'l.iqtte usiaz f"&3entiall1 ,op,~ptteil t>rgbp~,a. , i-.e, plaetul. 

under ·rstutly was pla\'led insldG the pal~a.llal pla·tas o! a 

capa.o1tor \Vb.tch \fia.a either a ~t ot tht) oeeil.l.Qtor Oll 

. .t'o;t!.nis a p.a.~t of a "f#n~<; '.f!i~¢uit i o.o:n:J!$qUen'tly tho -:t;}laortae of 

~~~a$u;r-e~ent 'ivere b~r:ted ort. tb.$ int~rer.rt!on ot lluallal ~dlo 

fWql.leney el.eQtrle field with pl~ma, 

~a.~n.wements baS$'l .on 'tlle inthel!'t:t(}ti.on ot solL"1oid~ .r.£ ~ 
. ·' ~~ .. -

. . 
1!£Sf.P·~r;\o &!glSL WJ/bh. pla~'l ho.s S·Otne 6d1an.t~gti'.ifl OVGJ: the 

~tnod.s a~~oribed oat>lieJ;' tn e way that one. ean U$e vteak 

hi.@~ trequ.e;;1oy fi~ltle, wb.iGh do not itW.uce ~.JilY a.pp1N~c1able 

e~citatl.on in ti~e pla~·., XlU.e nw1f.h.od o! 1n'~·e~rtigat1on rtlql.liJ'es 

•tna use ot ooU proba$ a:c.G\ 'the sol~:t'loid.al el~c'ht:ic field i$ 

induced within the ;91..'1~ d'le tt> ·bbe r~i t) ruas;tJ;.atiQ · ti.eltt 

~Ju.tre·t~ci by the coil xzo b~ .~· ~t~ -m~rtltod. is ~±'ten t~ad as 

i.udttr.rtiotl m~~hod (Do.ualc<J~ (It al, 1 $H:1' ). t-.nd e·t·u·acted 

etteavion. cz ~ plasma ~sio.\!)tm in the pros~;.t ~ ;pa&t 

tevt deCJadea oeoa'Wla ¢f i·t.a ob~ .. 1cuo ~ihra."l'to.g~o over 

OQJWon:tloll$1 probe 1:ieobluqu¢)n pai:tie'wlsxJ.u iYh® tb.e ~tttc:a.tiotl 

·1$ .fQcuaeed on tho fl!.cJ:.!j.&~tl .• tJon£1.Y.A.ttv&, ~:l. of plawna• 
~e use of ~tte (coil) p.robes, howev<at' , !b\ contrast 

to. that o:t tho ~a:l~ tre~u.enoy coit p~o·oQ .f,f'l m.ore w(}ll knoijn"', 
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W~$ ~·t;ic PJ:lJbes ~e. u_a!ljtd to sample. the magnet.te .fields 

in o~ ~wntt thf) ;p:tae.ma~ A. good J~ev;t.ew. ot tue tneol?e· ~114 

a;pp1i~tion of ~~atic pl?obes J.fj ~Vctilabl.e ·tn an ar·uicle 

bH ~vbel!~ and liuddl~stona (lil6$). floweve::, a very bl;ie£ 

)l<aV.t~w QJ;l ·the U$e ·Of ~~tic probe$ 113 si"Ven in t~ ntmt 

eeo11iQt1 in o:ttde:c to get .a. ;t»ZOPi;';t' UllileJ:Sta!~ng oi· "(;he 

tooWqY.\r.\ f.l¥ltt pt1~9~eo o£ ~~ho method in' oon:t;Jtast "'GO ·the 

radi~ tr~!que~1oy C(:ll:il probe method m.ontioned ebova1 the 

x:~111tiW · of wlliob. Will appaat· ln. e.~ tall .toUa:r.¥ing we next 

aeotiQll. ~hou~ the JilU;po~~~ of tlt~ .i:.ita.g~ntio (coil) »~obea 

a:ce 41tfel"0nt.- ! 1: ~f:t:e:r~ •nJ.•l4.ing :problems sim1lar to the 

r.f,. C?:il probe ·t~fi:hnlqf.?.@• 

tr~gn0'tio P,l:'ob~s lmVe b~~n t%:ae:ted by Lovbat-g 

(1~59) Wh.<J pointsd .out t~eil:' widesy;~rend. uae in nte!.,P.Pin:'!; 

~tn'r-an:t ~:lt.~t:l?tbut!.oM ~ 37la~ aO<a$le.rators and J?!noh.es. 

Tn~ ~ete u.eu.a.lly et.>».aia-t~~ ~f a fe\Y -tl.U"ns ·of wira ~aug~d 

:tn loov,- \"tn,ioll 't$w:f btt: a lt'!.illim:Q'tea: in di~eti!ir o.r ~ge:t'\t ee 

r<?~Ui.w~d. :f!Jr th~ ;q;..,~aJJu..r~$1114. !f:heso magent;t~ prQb3s o1)tn"'fitG< 

~~1 tll~ pr!.~il"l~ t:tta.t. a. titls v~;!ng mc.gneti~ f:t~ld !tid:uc~tO 

m. vol.ta,~f2 in thrD l.oo:p~r the ~rl\gnotio "l?ielti e~:n b~ d~te:tm1ned 

f~ol.!'i a uJ.f;v,t.~n}~en·t of .i:~~UC'f:Hl v<>l:tege ·({~la$.etot~e l~nd 

Lo.v-~bt:Y2$t l96Qt v~lc't$;t~ ~t- al, 195$). Field 2t'tllSif;!Ve 

Qlom~nt$.. nu:ob, ·a.~ ~~~ll -<ttt.t'J::i~nt £)robea, nwy "ba. m~de ne s~lt 
' . . ' 

a~ 1 nr~~ . .tn dt~ator a.nd. gt'ou;pii;d. -in :g.,.y.,.,.z f'>~t"e~e ·to nleeJluza :~; .. 
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·4 th'tci! .ttt,U.cntl.tltlal. tl~ld d~~lsu:t:atiQlt$ (PoUoOk ~t all.9Go). 

Cllt~ent d~ilS!t$. eont~l.Q!Q .. ~ tlte llttOe\Wa Of brd;c4~lo 

~tabl.Utl~o ttl. dfJ~ plaamaf) azre ~~e.O. by .a 1inat'a? 

tJ:$~ acroetS -Q~reat ®Mnele •. ~he- .da~- -c~~n .. bo 4icp~~d by 
'• . ' ' ~~ 

~~pl..d B~lln~. Ont .Uft"l~Ul.ty i~ .o~Me(}t!on ~ tne uae ot 
•aeh~t!.c p~~b0r; ~' t~t. tneg g~nf#:w~te • vol.:te~se · proportLoual 

\ . .· 
·to aB/"'t ft'th- ··thun.l).,. 'i!Mo :poblem .is n~ootl.y aolvoi b7 

1~-b.~~fXttill$ th0 p;r.·9:oe. rt~\ wl:tb. a. lla~:£J1V~ ()~Wi;~ 

.l.nt$~1»~ (K~J .. ~ti. ~1::tvea.v.1;4(iQe• 1J1' ). ~h~- ()u;~t ~ignal · 

\Yhi$n n -~ tAurJiC-s~ :ot tu~ tn tba loop 
' - ' ·~ 

A ·:.= alf!es oX tht loo), o'm~ 

:s #i ·~t1o· t'ie14 et"eArt~t• ~sa. 
R =; .. e:.1J.tan~ ·(n) .q~ tbe eer.lttJ R • 0 eom.binat.ton 

. {; ::. Otl~tta.nce (F) ottho. Cfll'i.tJS R •· C ·ootabJ.Jlat1Qll•· 

C3<~~ ~~t b~ te~on 1~ sbield ~411etto probes ·~lorJ~o-

. statieallf e•fl too:\+ ~l~otrio f!®!ds ~~ooiated t:~ tb the 

d-'~c~~gG c;~uld :o,, ~av¢ido~, itteh flilll~l,d$.ue itmt tlS · tl~e 

WJ$~mn t~Ert£tten¢!'f ot mp1.l;t.o tiGlii ftltctua:~tons that cMr~ ~ 

a.•t~lllt~t\. by ·t!lil); p.rooo ~$s~b,~V-• 

tinrltib$t .ld.:14 Qf con t11$~J- .'Ql;;ut.~ -~e;.Silll?.-06: the Z.~teQ of 

Chan.$~ ot ~oa~a. ~Wi~tnii ~la '-s tht.l 1\tlgrw~wkt JJOop or 

cJ.#.oto (Go1.~v.tn- et-~t.- i9,ttt- Ooog$~t:· 196')·· fs1he w~sembl¥ . ' 

~; cqatst~ of two· :ee1a of co;l.~tJ:t oM ~ tho 4lt~t1i'e 
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~- ~perim~ll.tal. region and othor arOl.U.\il o.nl.y' tlle current Qlmnnel 

or-~ pe.:tt- Of tt. ~e dttfelt'en¢a in lndu.oed voltage li'eprceenta'-' 

the currents nqt enclosed, euQh ae wall eutr.rente. !fhe coils 

w~y be ae(!;.Olented, wJ:th loado- brought out ae~l:'stely • to 

tndteate ~U,;v~ant p~cf;Ues. lt is ahown by De~gl.Qtld $t al (1963) 

tbat in the dea;gn o;f teagnettc p;w:.oo~o tor pl~ field 

me-asure~t&1 e:ttentio.n t!.i\lSt be g1'Vf4ll. 'to ·the space resolVing 

pow~r. 'Of th~ eoils •. A teQbrdq;u.~ is deeer1bed by them, which 

by ~ecluulleo.l meone give~ tul. exact alignment p£ ·the 1nd1vtduai 

coib :ln s. ~tult;lplf# p~obe w1thou.t n.t(f need to:r: turtllSZ? manual 

n63ustnr..,nt. :tnta~tion of the e:Lgnal.s by !leans of transisto­

riseti Mil~r intagr;eft,ofe plAced at the probe and of the ~ .. 

~$ro!tttftg cables, g1Ve8 a good eignal~to-no~ee ratio. ~he 
. -. ~ 

. de~cr1btd ~ystau bQs .$1'1 overall sensitivitY of 1 mv G at .a_n 

na ttmtl ot a ms, ntta the br)nd•w-J.dth ~tsrlds to over 2 t·Illis. 

Various ma(plet1¢ pX'Obf): mE)atlt\t'Gtnento have bean ce.rried 

out ~y Oilliers e't a1 (196') to inVeetigate the behaviour of 

·the pla~ tn a theta ty-gs discha.r-ge.- With ·• •bcilanaatl'' :proba~J 

the amount of trappo4 field at the S$cond tmploaton could be 

eetJ.'ma.tet!l~ ~bifJ t•Qll.ntquo baa 'bec,n ueGd to ll'Jat.i:ma.te 

e.lootrqn temperat'llre• 

11fJ. Elep~i&.ca.J:., £om1uot1v1t:,. ,DM. RnM.,q, l!~gaenez, o~!). .. Probe,. 

~he knowledglb of electrienl ccnducti:v.t tt ot a plasma. 

sometimes aewea to onl.igh't'-'n the etat(;l o:t the plaema. end 

b(moe to corGlate othf.fr p1a~ 'parataetere. ln eertain 

~- a~plica.t.t,ons of p~1ma Bl-Yetca (G.•IS•• rJiro ~enerator) tha 

tmowlcdt;e ot ele¢t;.-iea.l. cona.uot1v1ty is·ot direQt importance 

t.n its own lt'ight .. 



<I S:h~ el.f!ctrLcEAl ofl}P.d~~tvitt of highlY" 1cn1~a. gat,;~e plays an 

im,port~t rele 1U llish ter.nptU'Stture ~:,;Qe d;vtlall1ies ( apeeta11Y" 

t'ol" ·largo 4$.e.mflns1on o.s .ta C'$l~at:S4i aae dymunio~) through 

tbe mtert\otion of m~f;'tlettc t'1e1de with the gas motion 

(magneto))y~cW;l~os) •. .M~~em:ent of el.eotrlqal conduot1v1ty 

o~ a pl$ema ®a be made US.ln!i var~et:v of mErthQds de~l:lding 

on th~ na1}~ .of th~ p~~ (e.g.,) U:acha..rge pb~,. elu:lok 

inttuced pl.at;;a., p1n3JDa ~ets at.ld othe~ now facility 

plasmao etc~~>• ~e ~la~ ®llduott:vtty :La .mostly <tet~mined 
\ ' 

• by oonvt:na.tio~ pr«'ibea (electJ:odea),_. ~he ~~4eq-tlacy f)! the 

UG.t1al probe 'lt\f)thod. becomes fi)bVJ..OUB in e•tlt:al OirQUln8tauoes .. 

It v1e.e observed b7 Lin (It Ql.· (l9Si>) that in hot ionized ~s 

the probe r:a~thod i!!l .ao~omprulied by· <ltff1t~ul.t!es ~ising trom 

the -t.s.t$.llce of a cold 'bounlnf'Y :le.yar arou.nd the probe~ In 

tbe caee (J.:f cold p,laEWUl_t the probe cwr.rent; gi vas little 

infORmat10Ji on tbe conductivity. In that case an. attempt 

to~ .bld~ct measut's~ ol ~olldt.lot1v1ey. ~ \1$ made 'tiN 
~ rn$a~tU"t~ tb~ e1e·otron dens.ttYJ hllt QVe.luat~on of cotlduct1V1t3" 

beeosnee st111 d1ft.lG-ult due 'bo the. fact that no Gxac'O method 

o.t' ~eaet¢~nrep.'t of oo'Ulf.i1Q:n IZ!'equency l'le.G tet been fo'W.1d. 
' . 

~ »robe methotl is ~t appl,cahle to a t'!$ld .. tres 

pl~ $Ubh ae aft~.~lOVJ ,~, \Uti:tleto.n pl$Sma .ana. eo Qn., 
.. . . ~ 

F~thet>1. !A ~h~ o~:s~~ ot tl<nil;nz Plfin~, t~ prob<a method ah~ld 

~t be ~4 'beeause tho ~nae:rtfi'il PJ:Obe mey atp~aciebl.U d1ot~b 

tbe ~mtco of the fl~w.,. ~" aom~. cs$oa th0 ;pla.em.."" ;j~t tft~.1/ 

~v~n df£Bt£tt$t~ dt&gnos'tio p:l'obe. .nenoe ¢oU. probe teelWJ.qu.e 
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ball.l bf.lootne ve~ much .PQpula::t to deal1J'4tb. conductiv.itJ p):obletns 

in vartatN of Ci:te~tMoesil tt .h!:~f! .b$en Qb\le~vred tha.t wi.th too 
'1.~"' 1f: " f) . •' ill . •"" . 

4o.oo1t1ea in the t'ange 10 • 16 · ~m ' 1t ia one ot 'the 

ft::tv1 teoin'd.q~Oft thnt eeu. be ll$~4. ·ten~ bl!e$;Q principle l».vol:vaa. 
in most of the eoi;J.. p~obe di.a~~.rt.ie· tecb.niqu.es lies 1n the 

taot tha.·t ~snatio f'leld as~f>~S.n·ted wtth a DOlinoidnl 

radi~trequ~ncy alec~ri~ ti~ld tnau~~a sol~4old~ ~~nt into 

the pl&ema Wider atua.y, an.d tl\0 eff(lot ls :trG-fleoted 'back 

1ll:to· the VX'Obe ~oi_l, t.r~ouw.l BQT.Uld (e.~ eome 1U:tnee ~nseriad in) 

th~ pla~. Iit.m.ce . this me:thod Le ot~~n te~d ae '-udtu:rbi<m. 

t.n.$thcd ;Q:t' tia~tio t1us nwthod t>y titJ:e~nt s:il.~CJ~, 

\!$ .• 1. In the coil l,)l.'Obe method 4t~t~i,ls~d by l'd.n et al (19),) tor. 

the datQ!.~tiou ot eleotrlcal .;ol'lduQ~1~itY ptof.t.lea or 

h!.gnly iant~od ~t'~® pt-Oduoed by sb.ock waves, howfJver• no 

~:adi~t:teq,U@llt3f. so@Ce· wae em.plOJQu• In their mQthod the 

Wor.ma.tion was ol;tained f~om. the. sear~ eq~l (probe) p1ck up 
of >el.eetrcmagnetio die:t~ban,o(ie ~<!iUced b:, .. 'the pa$~e of ehook 

wevee through Lt.- P¢t$Si'blY1 the paper Of' Lin ct a1 (1955) 

. Jr$#t~ao.nto the f1r$t reoo3!'i ot coU prollc e..'".tperiment tor tho 

a.eter.tnlnatton of $ieot"t:1ca1 ocndu.ctivi ty of a plaema.., While 

oxpar~nting Oh the e1ectrloa1 c~nauot.1vitt of PbO~~p~o4uce4 
a;rgon p~sma by cotlv>ent1o:nal. probe methPd they ._. were 

~tteQunte:ced V?.'ith '*lt~ tollf,)W:t,~ flifZicul.ti~o. 

:tt wae $~\ovm by ttl;1.$m the~ to~ ~-,all d.egraea of 

!.ovi=at.i(.tl. th~ eltqtr,tosl eo.ndu¢.tlvi ~ of a lilamna lfiaY' 

:b~ ~pplto~!m-'l:·tel:r ~1,.ve.n by , 



\VbQ~ f is ~ d.enai:ty· Of the gas, 5: is the· abaoluta 

tempe.ratu;ce, q.1 io the :~ire~ ioni~atioll 90tont1a1 ot 
t·ho gae, ana k te tbe B()lte~ co~ta.n..t. Acoo~tns to 

tho reeul.ta of tbetr probe exvet.IJ::$nta it was 1ound that 

the ral..":!.t1on betw~en cr and. sao tempe~ture ehGW$d DQmewha:b 

e,-;ponantJ;aJ. ~ctert however, t~· tndtoS!.tod c~m.auctJ.vity 

~ was a.a WAch as thc.nwemd 1i~e ~ll.er tbaa. ·tbe tkl$oret1ca1 
fo-r 

value. fheu $leo obtmrvad tna t" ~!to~ rauB$ f!Jit gas pr(tesure the 

condu.cti.vity ¥1M tound to be app~wjmate:ll propo:fl't!o.nel 

to the ~-o.a denst tr instead. at 'b$h:r~ mverbelN :propor·tto~ 
to the sgpp.re, roo;u ne pr~t.l!.oted ~¥ thf) theoq.. ~e u.-.·~repancy 

. . . . 
wae $-t'trtbu:ted ~o the n~$qu!l.itw.S.• eft.eo'ta. .tt w•a 

con3ectured l.>J ·t~ that t~ gas next ·tc th• Ptobe a..~ the· 

oh.oQk tube waJ.le ttaa oooler tbe.n the gne fi(N~ fr011 these 

a~fa'OEUlt Xt was t:~t ii~t the~e cool bounde.~. ~ra might 

peatl.y J,nor$ase the a~pa.a;en.t gat,; ~esisti!~nea • Iustead. f>f 

trr:tng ·bo ~plore th.e~a effects· ~t1:tativ~l.Y, they ~ther, 

con~en:~ted on d~vGlopJ:ns a new :metb.od. 
~o ell;;inate the !,nher~t. ·eUZ'fac.$ ettf}eta t;lSt::Joctate4 

with vrob"- ttt~l.Wurem.ente ~n e~pet-inlell.t tt.t1Uetng the tnt~r-· 

action betwaon 21. ~t!c fielfl ~ the ooll.du.Qt!.alg gas. 

bebinii thtj ShoCk waYe was ilesi~d. t.u 'theJ.~ method en 

a;ld.ally e~ttrie ~E)tic t1eld wae ~nt~duC$!d uto. the 

6lasa $action of tho shock tube. A • d..o. mfttmet!o fi~ld .~~~ 
~ ,.,·:~·:' rtrl f1~ n ~ ~~0\,' 

, ~/L\. \:-I " t-:{_f: 
/ r/li-"/--.;;" -.' .. ), ... ~~-·r ",. .. j., \-?: 

• l";f..il""l%',"-' t;;;,_i, ..,.,.. \'lt 1-
.t~;;; ") fu <l l :1 ;~ J J ~~ t:~:;,jv :: i; 
I ' .· t'.lil A "" f .t: \\ " ., i( ., ' ... ~'/'!·-~a-~ ,.~~ ,..,// 

·~ rv ;' \~ 6 .;.::..'~"'!.:' ..... ..., .... ~.... .'-"'~:'~../ 
~,>.~.:~fl.r·v ~-::,!.:~,.~:..~"~>./ 
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a provid•d b;y a Short ·G01e~1d, the axis Ot Which WaS conuno11 

to ·tl~t o£ the ShOck tt.(ba,. ~be probe cotl ( a small seareh coil) 

was placed $l1{#1tly ahead Qt the field; coil to p:i,c~ up the 

eleotromagn.etto distu.l}bances p~oducecl by the passage of the 

all.ock wave ~hrougn the !Da.gne)ttc field,. ~h~ direct oorJpttte.tion 

of electrical connucttvity oallQ for th~ kriowle~g~ of tho 

geometry of t}le arrangement and aae velocity a..rld. inVolves 

aevere mathomat1oe.l compl1ca.t.:i.ozw; however, 1t W$8 much 

$~1er to exp•.tment&Uy obte.;i:n :tbe reaponsa ot the ap~tus 

t.0 movi .. ng tnQ:taUie ~o«": ~ttlia ¢2librat.ion wae~ expected to serve 

to evalu.st~ ~ geo!let~1o funetl\'>tl wn!Qh was dif£iqult to 

ca.lcula:te . other:w1ao •. The lack of oxact s,bnulation of the 

metal and the ttu.\Ving S'la wao "~eily tal,..'"en ~nto aQcottnt in 

their a.nalysts .. Aoeo.rding ·t;o them it was observed tlla1; 

oon.4uetJ.vlty Uetr.t.buticn cr ( ~-) (~hey ignored ·the effect 

o£ rad.1al. no~W'lifortl!~ta ancl tl'lo t~~nt~ • 'iliotribtttion • * meant 

axi8l. diat~ibU'tion} could be obtai:nfld by eolving an integral 

~ equa;ton of the £ir$t ltitld with thel mlb~Uic atod ~espo~e · 

function Ve ( s ... ~ ) :a$ tbe ~~' where ,g is the position 

e>f tho thoot. t~ont with ~eep~et ·tQ -i?h~ p~·oe at a. gtyen tima 
tt .nna. ~ repreeents the a,.'"{:tal oo-ol:dina:t• oit a:ny poin:t with 

reepeot to the encok front~ tt ta n~· w~rtbwhile to describe 
tl'...e conatruotiol.'U.U. fee tl.U-"es oz their p~obe coil ~hieh bas 

got some !~enu1 ty .tn avoidt~ the t!laetrostuttc e:f£eot 

aasooiated with the shock phenomenon, ~1nt3 th~ ~J.ar stage 

of the coil. probe ~per~nt, Vr'liere a: «;l;i.ng:J.e SG-turn ooU wae 

~ uoed1 electrostat.to ef'fe•ats. 'fiera ·noticed. ilx'D .lJur.tn:,z th~ 
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$~eriment it was observed that even when the eteady magnetic 

field was put off, large signals we:ve fomd to pass through 

the search coil during each shock. This wa<s, as ·termed by. 

them, was due to electrostatic ef.fects. Actually tho$& pick-ups 
I 

were due to. the formation or finite capacitance between the 

search coil and the gas inside the shock tuba. This ie observed 

by many observers including the present author (Ghosal et al, 

197&) and this is. termed as strf:iY capacitance effect. To get 

·rid. of this effeat Lin et al devised a centre-tapped search 

coil arrangement._ 'l:he search coil lllaS o SO - turn 8 mm. long 

s±ngle•layerod coil made of enamelled wire; the co~ was 

actually made up of two 25• tum coils wou~d side by side and 
'' 

connected in series (Fig.l.l). The junction point of the two 

coils was grounded, end the two ends of the combined coil were 

c~nnected to the push•pull input of a Tektronix ( 512) 

osciiloseope. The value or the shunt input resistance 

(1000 ..fl._) was so chosen to give approJrimately critical darqp:tng 

of the search coil circuit., It may easily be understood from 

the figure that tho capae1t1ve pick• ~ from the t~o ends or 
the ~oil cancelled out· ~ the push-pull arrangement, while 

tbe magnetic pick-up was unaffected. The a:xperimental 

._determination of the electrical conductivity was claimed 

to have agreed with the ·limit or accuracy of the theory and 

the discrepancy at lower teruperaturea was attributed to. the 

non-equUibrium effects. Later, Lamb and Lin (1957) took 

rneasure.rnant_s in shock. wa,ve &ir plasma util:i.z:tng the same 

method and the results corroborated with the theoretical 

.Predict ions. 
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DAMPING 
RESISTORS 

,INPUT A G~ND INpVT B 
'"" 

TEKTRONIX 512 OSCILLOSCOPE 

FIG. 1"1 ; SCHEMATIC DIAGRAM OF THE SEARCH 
COIL .USED IN THE APPARATUS. 
THE CENTERTAPPED DESIGN IS INTENDED · TO 
MlNlMlZE ELECTROSTAT lC PICKUP DUE TO THE 
SUDDEN APPEARANCE OF ( SLIGHTLY) . pHARGEO 
GAS IN THE. SHOCK TUBE. 
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1.s.a. A few years later K.B. Persson (Persson 196091961) 

developed a new coil proQe method tor measuring the conductiv~ty 

in a high electron densit,v ·plasma •. The theoretical aapect ot 

their technique 'WS$ endowed with simplicity and elesance which 

compensates tor the tG~P~ical rigour of their measurement 

method. Hera the coil probe was made to eend solenoidal electric 

field into the plasma in order to collect information .from 

inside. This may be termed as actiyg: probing in order to 

distinguish it. from the Rauive. probing arrang~ment of the 

.. ~ e~eriment of Lin et al, wP.ere the. probe was used as .8: pick-up 

deviee only, making the method unsuitable for atat1on~ry plasma. 

This actiV;S coil pt•obe method was {?ased on tbe 1ntei1UJ~ion 

between the solenoidal electt"1c field and a circular cylindrical 

plasma column and this formed a basis to design ~ pulse-operated 

bridge suitable tor transient measurements or electrical 

conductivity 1n high e~ectron density after-glow plasma. A 

cylindrical plasma with rotational sYmmetry, long 1n comparison 

with its rsd1us r , was; confined within a tube made ot 

non-conducting material. Another tube carried a solenoid which 
' ~ 

. was long relative to its own radius but short in cornprison to 
, , A 

the length ot: the plasma column. The uniform P.itchers ot the 

aolonoid were such that the resonance frequency of the coil 

was much larger. in comparison to the probing frequemcy. The 

stray capacitance effect -was eliminated by applying a thin tin• 

oxide coating inside the .second tubing. ·.rho thickness or the 

shield was .:s~ ad~Ui!!~ed that the alternating. field in one hand 

co~d penetrate into the plasma (thickness very small 1n 

comparison to the !kin-d~pth at the ralevent frequency) 
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A and ~ ·th.\l ~," otll~r hand the u~l clGov.tc !iel.Ci a.eaoctatod 
with t.:ttG pleiJ;J, 50lew.t.e could au~-natioally 11e ~1\c~~ctd ted., 

.~he 'tin..W$-de eoat;J.ag W1!'..S ·applitlld in ora.e~ ·to enou.t:e tlla.t only 

the time vurl;wz magr'aetic .ti-~14 ~'GUQrated. by the aoleno1d 

waa a.Uowed ti) penetrate tnto the i)J.as..rua. ~he tneo:;s1 of tnetr· 
meas'Ql'em-an·te l!fU.ii& qU!.ile etlmi.ght•torw~d ana o,tmpl£P. ~a ma.g.."letio. 

tlux ienerate4 by tha solenoidal. plamne\. cu.tr:en'ts lva.s sl.laily 

e'faluatf)cl sinae the ·l~l oi: the inte;t"action .aon!l' was large 1t1 . 

comparison w1th ~th{) diame'tcr· of tho p~ama ... The }>laema magnetic 

field induced a v:oltasa t:.. V in e~leno.:J,d and cou:t.d be t~eated a.e 

~ pellturbo.i'HLon q,uan:tt'tf.~ Q"'~i t~ 4:•93tly 1~~l$ $Cl.euotd Md the plasma 

wero comU.t\e:red as a t$llSformer with .. ~he i'olenoid as the pr.t.~ 

WJ.d 't}br; pl.~tfk,. api tl. c~r;•tu.ra eeco~y \'lintling with the 

reote.t~nQ:es as ar..d Rp el'l.d tntJ.u.otaac~s Ls. and LP ~especttveiy, 

and ·with the mtWll indttotanue ,Msp ; ·tb.e p~rturbation vo.l tage l!.V 

aatif)fles t-be 4!-tferen-bial •quation,. ~ · 
( 

. :8; ) ( . , . ·t.l. ) ~t 'Q~ !L~ R + 1: ~. · It + L. ~· .Llv lSI.,.:&~ · .. · 
·~ .. .,at P P trt .pat~ 

where v ~~e the voltage ·impreGrJsd 011 t:tJ.O· pr~a wLn\U.ng. 11}J.e 

effect o£ Ln ~~ co:m~letel..Y b$ neglected !f .Wd.n-deptn ia asewa$d .... 

to 'Oo J.arg~ itn. e(:a;m~ls~l'~ tc tll\3 di~0tel!1' of ihe plasma col~ ·and 

1,.n tbQ.t catJ~ ti.un ditferenttal equation w:iioh .involvea the 

me.aa~abl~ qWM'ltity av oan 'bo w.rttton as 
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·J wlier~ r.~E _ ~ be apref}sed 1n t:et1'ilG ·Of the g~ometry- ot the 
RL p s 

~ll.gement Qlld -t!om plasma parameters, vtz.,. w (plbsna - p-
ts-equ.enoy ) al'ld vm ($l.actron•atom eo:Uisio-tl b:equanoy) aat 

.,,2->t.,.;:a L -~ ,/.. ( wa_ > /a~! c2 v.,.., 
~q, p u p p "" ~ 

~ hta _pnper the la;r.lt ·41f£$rtntl.al eq,uation was eolv$4 both 

tor s~o!dal. ana_ Gau~u;llan-lik~ pulse voltages, :fbe steadY 

ste:te .eolut!on obtabl&d tor tte fil"at ease with appl:Lecl 

t~equenoy- tv wail 

w-;r:e < cr > dlftnea. t:tl~ suitable ava%a($G conductivity. A 

maaeurement ot -the ~tlQ A V /V ut.eld.ed infor.tration a:bout the 

. average .qondtlotivit:f;• ~he p):'~po~t!.onality crmstant could not 
' ' 

er~etlr be eValuated exactly d.ue to tha praaen® .o£ <:e;:P.d effects 
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t1 (tbQw#J, could be done ir1 principle) .• 1-t w~s hO'Iever easilY 

detel.'1nined. exper~ntttliy b<t .t'$PlaQ1ng the pla.~ With so~ 

ele(.rtroltta with known conductivity, It 1s to ba :noted a.t this 

point that tllj.& calibration technique ··utU.1et1ns elf.lQt!'olytie 

flQlU110l.l$ WS.S W3ed l>J Val'iOUS aU.thQrS e£1Hti~S• 

It is obse~ve'l that fQr tr~'1B1ent or df!)Oayi:ng pla~ 
Wil:ll 

the ~onttnuou$ sinu$01dsl ~cb1n,z wn..e ~ccoxnpani.ed ~ t.U.f.floul ties, 

· ~hi~ O.emandod f(>r low Q of ·~be meaourem~nt oirou,i t or- h1~~;r: p:robs 

j :!rcquenoy. Ne,i.thet' of the two alte.rnativac could be used \v.t.thout 

sa<.mificing the availb'ble rane;e :tor tm!3$Ul?ementa .. ~ 5-:bs Utt1oulty 

wae overcome bN replacing the etnusoidal. S.i3fh~l v· in the 18-at 

diff4)re.utic.l Qqua.tion with a $UJ..ta,bl~ p\llae function. ~his was 

convenientlY done by •:P:al'ldirlS V 1n tems o£ ~sian function 

of the tom V0~xpC- ('IT)2 /e j. It was shown that ·thQ 

unbalanced etg:ual could be \\W.i.tten ae 

v = .... ·v ~~2,2 c: .(La ..... >~Pr"" ~ ( -t/c: ) 21n~ ( t/r ) 
· - · o Rp La 1 1:a ~lis . 1: ~ J • 

whera H1 ( t;r: ) i,s ·tb.o Uerm1tG poly~omial of the L th d•gree, 

:tt wne. :fUrther enown tha;t :tho lllaXimum of the unbalanced pulse 
·. 2 . ;· 

(when (t/-r ) # ' ). wae. tJoet co:nvc~ient for tb$ :mealB'~emente 
on the plaama and henqe, 

.D.V · Q ~l"); a'"'. (........,.) z4 ... ,...,.,..__ .... ~ 
Vo nax "t' Rr/i..a - s 
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.• It te now wo~tb.whilc to desor.tbe in brJ.a.t the operation 

of the pulsa-operatQd bl-1dze 4esisnM by thcy author to~ 

meaaurem.entp 1l.1 'itl;~n.~iunt pl,a~ (1fig•.1.2) •• ~o atngte­

leQ~EJred solenoids wve ma.de· es identtoc:,l ati poa$1ble~• mney 
were loca;ted 'e1J!ml&tl!'i<ially 1n a"-pa.~ate compa~nto ot a. 

w)l.1elding box of· bl;'$;ss. One .t)f those eolenottie wee wound 

a.t>ow.'ld tba tube oontatninz plasma. ::Uhe solenoi.dtJ were 

coupled to~ether :fo~~ the bl:'ldgo whioh waa ~0tr.te 

with respect to gt>Qund or ·the ehield.t.ns box. ~h$ :pul.~o 
' . 

apjplied to the br:tdgQ Was ·SQ!flied tl'n.'OUah toroidal terri te 

core tranetQ~ar tvh1.,0h wa~a d$S1gntd to deliver very e~otrJ.c 

pulse with re$pect tQ· the Sbi$ld• ~~· current puloe through 

the primar, of the tmnefQriXte~ ·fiae ~:'-nera.ted by high <rtU-rent 

t~a:tron sweep arrangement,. ~he pul3e delivered by ·t:ne 

secondary, however• .ree•'bled · Q.aueeian pul$e (Pulse tJ14th ~ 1 Jisao. ) • 

;fhe U'-'cttarge tube was ill9erted tn. one .of the &olenoida~ 

~~ ~ht btrid~e oonetitu.ttng . tho s1·11li.ne!tr.$.o tra~f.a:-r;mer and ~ the 

two eolet10idri and other ratd.f:lti ve and rreaot1ve elemante wae 

bela.n.ced by· several trimmi!'li; ar~gements. mne basic prineiple 

on which too opel'at1on. o~he bridge was baeed was tl1et , 

provided the bt"idgo 1e well --w~ed betoreha:.nd, it te driven 
o:Zf-..balance j.f thG pl~ 1tl introd.uoed in one Of the 

solenoids. ~e reiSultin:J :cea_\stively w:lbt';llanoed .e1g:na1, when 

observed atld reco~ed• could yield info~tJ.ons ot p~ 

oondU;Cti v1 ty. \l:he .t\utoma:tic o~el"at1bt1 and ll'acol:din.g 

~angementa and time. ad3u&tlllents by various triggering 

:meebaniame. were explain$tl tn hia paper. ri!he .~eaeurements w·ere 

~a.e for highlY ioni~ed afte~.31ow plasma·Emd tl1e author 

! . •' 
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ITS AUXILIARY CIRCUITS FOR MEASUREMENTS ON. TRANSIENT PLASMAS. 



ob~in94 the tempo~1 ~onduottvity Uie.tribution. tt was also 

indicated ·tht.lt l.tn•ity ot the L~lt~ct1ot1 (toaatb:er with 

tile electronic ouc1d. try·) was Cbe()ked by tho use of 

electrclyte~J. It 10 to be noted here tho.t tl'li.ii usa ot 

e1ectrollrt1c ool:ution ior ceJ.iU.bra.tton of the Qo$1 p-robe 

apparatus VIae also ~ot,lorted by 2laa1.~n (1959 ),. n yea.tt before 

the work o.f P$t£leon. 

1.3!13• Bltl.ckman, in 1110 paper entitlQd • 'XJaGnetolJY4r~ttynam1c 

Flow Experlmenta Qf a @tead.y p'tat~ ~ture •· • deacr1bed a m$tb.od 

1n W~ch the indUC'tallOO Of e Coil $UtJTOundillg Q, . pla~ J.e 

retiq.oed bY the Bbieltling ef:fec·t 1n the eleailt-teal.ly oondu.cttng 

plasma.~ ~he raduoea tnd:uotnaee in~ea~e-d the f.r~queney or a 

circuit ·resonant nt about 50 l!JrJfi fUld the ~hi:ft wae detected 

by a radio racet~e:r. sav·tc ond :aou.lt (1962) intelligently 

ut1lieed tho above idea* . that tb.\'l intlqc·tano(t of a oQil 

sw:.tounding a conducting fluid cha!!$t!~, -to devise a. fl:equenoy 

mo4ulat1on circui;t toJ."' til$ tlleM®~moltt of gas conductivity 

anti boUtldrAry la;yer 'l;biokn~os itJ. l!l. shook tube" ~hey f$ret 

tueo:rati~lly e:J;lcu.la:ted ;th(t chantJo o£ indu.ctanoc ot a short 
/ 

coil duo to tno p1'ee~nee ~ouna t ts axis _of a cyllntl.rlcal, 

movinB . ~lect~ica.l.ly et:.mduottng fl.U1d and 1 t wae shown bt 
them that th~ hy-®laznot:t.c influence oould be kept .srJall. 

The calibration and deeign ·Of the !l:aque:acy modulation oirQU.it 

waa baaed. on ·thoaf!l oalou.lat!oruh It was obse"-ed tba,t 

oo:nductiv1t1e$ of ~Sf,!S behind r.rt~ong shook~ ill. ehoGk tubes 
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could be mtaatU"ad wl th fair ~oouraoy and eaequate t!tne 

· resolution to.r t~ detecrt;ion of local varitrt.tiona 1n flow 

~tructur~. A 4iff4ltrent teCllniq.ue waf:l adopt~d b3 Rosa (1961) 

in his welt kna~ Ml:tD exp&rtsent0 in deter.Jnintng the 

o.onduct1v1ty of a flowing pla..sme. :en hie method the eotl wae 

embedded 1n the im.ntl.a.to1~ wall cf ·the M!U> generator. Wbe ooil 

w~s l"Qaoll..'lted tlith<·a_ eQndenaer :at a;l:lout $00 .Klie and tha do:mplng 

of tbo ci:t:cuit due to the eldla-ust o£ t}l9 gas tiJrougb. tb.e 

ij tuula'tin_g tube \'l~ae t.aeaaur~d to de·te:r.mine tb$ gas contluctiv.t:ty. , 

·In this ~pe!.'imen.t al.eo calibration waa ettected by placing 

-various $$lt aolu:ttone in the ~1el~ 

1.,~4~ Olson ttnd. lor; \1961 t 1962,1963) ausgeeted a different 

epproa.oh wht»re the coil probe was imt'I.OJ~sea. wi thitl the pl&.ema 

tustead Of boinz VIO\llld a:t:o\Uld it. !~!he tiret two ~a,pare (Olson 

and J.;a.ry, 1961.; I'a::t7 and Ol.aQn, 1962) ot their eeriea discu.esed 

the thco:r~ttoel a$peo1al of tlle technique:; !flleir third paper 

--.(Olson~ L"lry, 1962) -rq,a con.oe:rned mainly with tha 

£l'tDtrumental ll'l.~tltod" empl.oyea. in tho measurement of eonduotiv1ty 

of the positive oolttt;zn .of s hydl!ogen glow diocharga and 4500°F 

rof!.ket nozzl¢ flow. Later on, :t.mmarsive coil. probe teo:b.lltqu~ 

w~e rr;tported by- eome authors (Uoulin and li:laee, l964tStu'bbet 

1968 ana very reeantlt Jey~ et al., 1917) ~ In apt to of the 

obv.tou& t'U.sa.dvantaGEm ()f :Urunerell.ve J}robe methode Oleon and !A:cy 

pleadod for some of i te 4dvo..ntager;. A.ccordillf~ to them . the 

no~.imme:raivt1 aethod. appeal:'ed to be rather_ ins~ns1tive to 

variations 1n plaama ¢onduc·tiv~:ty a.nd w-ere affeete·d by the 

~- properties ¢if the wo.ll sttt-r~'I.Uld!ng the plasm and by atra;p; 

ou.pa.oitive &fteots~ ·l£ne method. described bJ them waa little 



:• 1ntluene~d bY el.eotro~ta:~le efffJcte and ola.ilned to have 

recoried Vt'lriaticns o:f pla~JM oonduotivi ty o£ ae small a.a 

l 

1 mb.o/m or· l.oea. ~he basic p,r.il'Uli:Ple involved for thie. 

technique wa$ hovl&ve:r the aQ2.'Ue aa o·thet' methode i.e. ) th$s 

m~thod dep~nded upon the ~nt.e~~tion ot the Qonducting flutd 

with imp.osed t' .• t .. xnagnetj.c f;f.el.d• In :partieul~, r.:t:. impedance 

of a .eolenoid ws,e. o.!f'eotQd 'by tllt) tiresene~ o: a eorulu.ot1ng 

m~dt.um tn the neiglibo~hood ot the solenoid. In the oaso of 

a. coil wol.Uld a~,l:'Ound a. conductor, the r.:r . .,magnet1Q field of 

o.~inmth.nl cu.rrent to now through the CQllductor. fhia cau.e~®s 

a,r, .increase in tbo aJtp~ent reoietanoo of the coil•. Similal." 

reau.J.ta, ~e expected to be obtained 1.£ the conductor 

e.url'O:m,4£:ij tlle finite <;oil r~ther 't~ being s_atrro}lP~ed .by it, 

. as may b& verified by ap_pl;vJ.ng ·the &"UJW argum.ent to the 

ex-teJ:.aul. ,f/';tarn .t;l:s~ illhe tecbllique iilvolved the use ot $11iall 

movable probe oontnin1ns th~ tnuuotor (coil). Since the 

magnetic :!J..eld. dimln.1$lleu $'apidly with thQ QJ.atanae fl."Om the 

. coil, th~ conduoti:V'i ty in the imm~die.te vJ.oi:ni ty o£ tlle 

pl.'bbe wu samplat.'h !Jfue probfl could be movetl about in the 

pla~':t ;tu or4.et< to ras·olve lt$.P&ti.al Vat"1at1on ot plQatna. 

condu.ct.ivtty. 
~l;le e'l{pe~l,ma:ntnl ap·paratuv de~1~4 to x:oeord. the 

·.'~,w~~<.-

Q:ha:tJ.g~ in oo.tl ro~ieta.~o@ ~l~ a .t\lnetion of oonduct1 vi "t1" t'.lld 

:r~~npr~ssea f1requency tta,d ~ome P.ovelty o.t ita own~." ':rna co.U . 
pr.obe. :.CQmod a. part; of the taul~ etroui t o! a Colpitts .tY~~r,. -.. ._.:·~~~fi~~ 



qseillatot"t~ 14 vaoutuu tu'bl;! supplied the pow~1· to t;uertain. the 

ouei1lation Qf tb.e: ~auk eJ.rou:Lt• At the on-~et of the plaema, 

po~e~ di$e!pation. duo t~ tbe nz~utbnl currents induce4 by 

tho ooU in tbe conduot1nz medium, resulted in a ~eeietive 

loadtnG of the tun~ci o~ollit which ohang.ed tho tWicl c'f..Wrent 

Of the omcillo.tor tUbG, -tho meam.u-~ent Of WhiCh was achieved, 

tb.rou.~ th$ ~13 ·of ~· :&¢ld--d1p:r.md.te!r·:t· !!:he grid ettt-:rent v~i~d 

a.J.raoat. l;l.n.eatil.y wtth the .PQVler diewipa-tad in 'th~ ooi1 

eon.duetoJ:· oil'outt. Ail indicated earlier eleot~:olytio solutions, 

whoee eonduot1vi tiee. were in tba s·mne lt'at'l-.20 an :r,laenl.S\e w~re 

u.aatl to· calibrs:t~ tho ccmduc>tivity probEl •. The calibration 

wa$ ~her ve~U!etl by the uGe Qi: ·t:Jel.llteond.uetora for doubt~ 

ch$Qk.. :E'irmt thtt meas~emeU't$ we.?:qr ~{) in th(;) pos!:t:tve ·OPltmm 

o.f a. slew discharge :tn l'ly<b:Ogn~n~ An S •~ (ou.te:e ru.a..). probe 

WAS .tmmet-sed in a 2ZS r:.ml~ d1a. pl~ eqlwnn •. Speci~l precaution 

w~e. taken to elimi,nnte the heat~ eftect a£ tlle ooll involving 

change Qf oo.11 d.imett.~ion M.d t-eaiatance, wbiclJ. would otborw.tse 

lead to· e;r-roneoue :tetlUlts. ·t~;o;· ensure this the oo:Ll tempexoture 
• •. I ~ 

V/!}!.S bald co:t'WtiUlt by a cooling £low of 41-Y n.ttrogen. A tbernto-

ooapi~ wa.a. usod to mo.nttor th(t P:t:'Obe temperature. !lihe ~rfo~manee 

o.f the Qo1l probe {after" $Uitable modJ.ficat.tons) wae al.so 

inVestigated for a WIHD tlow environment., A. cool b9ron .u.i.tttite 

probe waJ:J .tneortEtd into a swb8Qrd.o 1l'J:U) flow with temperat~a• 

in the neighbourhood of 4500Q!f1 ~· ~h$ ~ame Qali.b:ration method 

was ~ead ill thte ~&xpat>imen.t al6<>. · 
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. . i 
'the 8ome induction 'tt1ohn!que of non~mmeraiV& tY.Ve to measure 

electrical conduoti~tty Qf h~ttted g-av; etr~u:uJ~h 'lh~ a·t~eams 

\-:ere <abta.ineJ. ne a result ot bu:cning of ethyl alcohol :tn 

Oltff}$1'1 conta$.n!n(; o.tl1 l potasn!um~ ~ha Pl':t'~~$1ll':~ in the 

oo.mbuGtion o~bor wr.vl ma:tuta.tned O.t 4 atm. !:rb.e BB.S wa.a supplied 

._o:c &-:-J2 Sao., thus :n.Gce8aiating semt-tran$1ent tnoo.a"tU:~ments .. 

J:he tnethod. wae based on maaa.ur~nta ¢! the parameters ot 
~ 4 tank c1rcu! t wnoeo coil f<'Dr.t>Oundet1 th~ etreeun of th0 han ted 

gsa. According ·to t•h.em v1h~n tho -~t;lsg~ctt.ve J}oe1tions of the 

e~.U a..~ tb~1 pl~~ stream el'Q kept cqnatantt tb.~ parametere 

ot the .cj.rt:n.tit (effeot.1Vil1! J.nduo~uQe.; ci~Ctlit :J:ea1Qta:ru)e, 

Q tnctor otc •. ) tlop~Uil upon th~ ~,znitttde a~ dietl:'tbution of 
. st-f~~ 

elect:"i.cal. eon~~uctivity over tho cttoee-aection of the ,_$lld also 

o.n t'!le · i."'tpre.ss~d tr~qu~ey • Thero.t:om:t by meu.~ing th~ .Parauttltet>e 

of the t:!rctU t for given clineooiona· JJf the oot.l and tile- stream 

at ·dit':ferant 1~$r-;lt\~~to1el:s 1 ,one can. ,t(e:te:cmtne t~ ma~tt.Ule t\,nd 

the tita~'\iribUtion ot' 0l~C.t;tieal G\H:1.(l\\Cft1Vi'tf over 'the cros~eeot!,on 

eithe:t:> by o~lcalo:tiQl:l or by Qal:f.b.t"ati<>n (yu~~·h tn pra.Qti,c~ 

they 1JD.v~ ehom.m. the &e~owl m~thoit 1.e.1 the .~q!.llr,!l)~ mct~od 

o.a -s1as tion\!! by prov.tont:S uu'bhOl7~h l:t w.~i;l al:ao uns~i!ad · by thmn 

th}j/t dit!itr:tb1:rtion of ~$ t:-rbX>~1.:l'Ae v,,n.n lPI~~o~. .. Accordingly 

they nu.gae~.rbed· t~ t tllo obU(irVatiO.n {{)'!: the Ql~m.g~ of one · 

oueni t · !~~(rfiej:- &iZ!l: ~. ) i .. Q o.f ~'he ~traui t) wottl.d o:nly suffice 

·to c.l~ia~~~ne ·tho couduct.3.vJ:ty r>~ov.td~d ,~~he apra:rBtua was 

wE'.'lll ~-tlib:t'atcd beforonelld.. In nt1tusl. e:-:.!p~rbent. the t!Ul~. 
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ta~en .from 'the ooil \ilil.f1 ~plif{~d ana fed to the Qaot1losoope 

fc~l,'l~~t1ng ae:cr11-t.r~J.ent m~apm;ementrs .. ~hoy thought that 

the ®ange ot output wno due to th~St elw.n,zo ot ~fa<rto~ only~ 

but .;Ul p1:act1cs the ~c o~~ indu.¢t!).nee atLd sorve~tt ~~e-re. 

c~~qit.ive ~£.fects ~t !1'].1'·~ ·pl~~d an. import(".nt role .. Rowover,. 

ain.Qo ·tbu methQd w~ bQ.a{,3d o.Q. prwious ce.tlibration with 

elaotrolyto~ the ~ef3lllttl oi;l1ia14~d may be expected. to bo not 

tB.:;,.~ trom the true vo.lt~et3:~o It .t.o ·to be nQtea here tlic1t: ~£ the 
ta . 

ca.,V;c'l~ij;i·Yo ofte,Jto w~rc zn;ounhun~t ana tho et2team had a ~dial 

· dU~ta:itm.t1oa, the! :t>eeul:ts wqultl Jo.ii..\Vo tu~en ~;a.,r ;trom the true 

t:.z-·t~ "luluo o:~ ~he ol~r.t~r:toal cQnd\te't1vLty. 

1 ~'~6, lioi!tother t~tn.:bnique wt~~r deso;ribcd b1 Kor1tz ontt K~ck(l-964) . 

for m.eaeuring the eleett:~cal cona.~o'ttvity of hypareonic wakes 

and a.."!Y other eoMU.otin3 medi'llln ~ measurement .o:f Joule lgs~e• 

produced by the oseillato:t-y ma;gnetio fi~d ot a oi.roulfa• coil 

.... · su~in$' it~ ~b~ taQl'mique lves sitnl.~~r .tn ;t;)l"i.."lc.lple. to tl:la.t 

developed by L,Ln, .Res&er and l<.!tlltr~J'&itz (19~!.1) to r~eaa~u:-o the 

con4.1:tctivity bahilltl r:noek wavea tl.:li. EtWgcn ot>.t 'tho ~awb;aclt bt 

tne AAf\fJ,i,Y.e probing ~r&'4g~ntOt(.; \~:US rcm.o'~"tCd by at1bsti tu:tillg 

1 t blf .~o~vJ\ prou.tns ~thad (~.a. by lmP~GoQing radio freque11oy . 
. . ' 

:field to th~ coil.). Colasequ.e:n:tli th.~ mf.ritnod lto.d the edv®taga 

tl'.a.t ;..t 1tJ.S:$ be emplo;red i.."l o.t:l$0£ \9ile~e tho m~d,ium 1$ ettl!.t1ollarZ/• 

Griginally tl'-~.e a.,ppavatu.s was de.aigaed speoi!i_oally to i:nveetige.te 

tbe conductivity in tho wake ol hyplf;rBonio ;pGll.lete;. but later 
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it was also use~ to measure the conductivity of electrolytic 

solUtions, electrical discharges, flames, snd· plasmas produoed 

m shock tubes. The resUlts of their meaeuremants for shock 

wave air plasma was corroborated by that of tamb and Lin (1957). 

The actual cireu~t consisted of a s,ymmetrical r.r. bridge 

(The bridge devel-oped by Persson (1961) lrJSY be recalled), tw-o 

arms of which contQined identical coils. When a conducting ~edium 

was inserted into one of the coils, the effective imPedance of the 

coil ahang~ and the bridge L~came unbalanced. They chose the 

~, probe frec,ruency in such a way so that ~ssociated displacement 

current was negligible and· the ehau.ge of inpedance of the coil 

was entire~ resistive• Further ror the eonplete penetration oi" 

·the field the skin-depth was required to be mueh gr0ater than 

··the 'l-ad ius Yw ot the ·plast.ta column~ t-gathematioally the following 

-two relations were ~·tisfied · ·. 

<J >> w E: 

(f < < 2(f'l lU 1!2 ) -1 ,w 

(for negleg1ble displacement current) 

(for eon.pletG p$netration of the field 

~Thera € and fUare the d ielect:ric eon stant and magnetic 

permeability of the medium and w ia the· ;inpressed. frequency. Under 

the above· condit·ions the cha.nge of the impedance or the coil was 

where l is the rms eur:rent in the coil and P is tbe ·power 

dis_s:lpated in the medium. They· studied tha coil-plasma (conductor) 
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. ti tnteract1o1i :f'~et in a eomewl!k'lt gen~rallaed imzr a1'14 ute):" madt 

\. 
Ill 

\~ . 

1'elew..nt appro:dma.tions • Sine~" Ln.tel'ld¢4 to measure - condue.t1'Y1 ty 

of wakes b~hilld the hypersonic .Pf)llets they co.ns.tdered both the 

ra(l~ (r) a~ axial (z) non....unttom1ty of the conauotivi.ty .• ~hue 

a.::mu.tning cylindrienl $ymnetry, l? vtae ~~ven by-

~~ 
lr ~ I r ·J!l\2 ( ). "':> · · .:t.... A-

. · _ Q ..,...ci .of r,a;. -• ..,. 1' 1: ~ \U.l 

whe~e E~ (r,~.) 1~ the ~a.uead soleno.!da.l eleotrio field at any 

!lOint (r,z ~ within tho ooil. rfhis wa.e caleulatod 1n $ e:tGn.dard 

way to yield 

._ pn r "A . . . 
Em_ (~1Z·.) = :••n· • ( ..2. ) · k3 G (k2) !I.~ -
" · · 2n r ot 

l·l"_, ll$1ng the nttmbs.t· · ot ~!.U"lW o~ the coil, e(~) is th~ com~letQ 

elliptic !nte~l (Jalmke nn4 Erode, 194·5) which fQt ~ll vn.luea 

o£: k may ba apprQXili!a;bsd as 

£•(•·:~) . 1 . ( .1 . 1. 1..2 ) "'r = rt n . + 4 "* + •jiti•••·••• 

... · ... {Un·.2 ,..:.. 
R * -L-[ !\ /!.- ··J J <T (~) :c' ·dr 4r · 4 · o 

c ' 



wher8' cr ( r) is soma suitable axial average value or 
conductivit:T• To interpret the above equation 1n terms ot 

,-
their measur_ements t]j;~y introduced a concept or effactive 

radius Yw of ·the conducting column, in terms ot which the 

sbov\il equati<ln was written as 

where 

¢l 
+C)(> 4 
f r 

0 

.l· The equation tor AR is equivalent to a model where 

(f < 'fw = eonsto and cr >.'fw = 0 

lt is interesting to note hel'V:l that :irt contrast to others the 

formulae for . .A R g ivan by them could be used for a.bsolute 

determination (without calibration) of <i (o) provided iw could 

be obtained by some other m.,ans. Unfortunately they desired 

the el}uation smJ..y tg !Sbo~ that 

.6 R o( ~ (O) 

and obta!ned the conductivity results Using 9Ql1bro~12o with 

electrolytes, the hazard of whioh was indicated previously 

(and later -it will be discussed 1n some detail). The 

measurement of conductivity of stationar.Y plasma was straight• 

forward and $imple but the wake measurements were difficult 

due to th<9 unknown , tactor rw ; but previously extensive 



stUdies on wake radii ~asurements were made by Taylor et al 

(1963) using optical techniq:ufl, so it was possibl$ to estimate 

the conductivity from the elU)erimentel results, calibration 

curves ·and the data of taylor et al (1963). It vas,however_, 

assumed that the wake radius wa~ equal to tho ·Plasma radius. 

. a 
1.3. 7. Tan~a and Hagi (1964, 1964) in a eo'Uple or pap ere 

(appeared in the same issue ot Jap.Qtlese Journal or Appl1e4 

Physics) re-examined the tentative~v adopt«t conductor 
I 

~ approximation for plasma by various authors (viz., Tanaka and 

tJsam:t, 1962; Gourain, 1963; ihvashchtevskil 19621 and others 

mentioned above). Conductor approximation £or plasma maans 

that when an electrical·· a. c. 1s 11rpressed upon it, the plasma 

1s assumed to offer no reaatance and a.c. conductivity 

essentially beoomes d.c., conductivity. ·In their first· paper, 

they critically analysed the interaction of alternating 

currents with plasma in general and show&d that if tbe c~Ange 

ot magnetic flux through a coil due to a presence of plasma 
" 

inside it could be measured, the d.c. conductivity is possible 

to be obtained even ~ preeence of,displecement current, for 

a 1111de range o£ freque~cies. Their analysis started from the 

well known o2,Pression for a.c. conductivity ( q a.c •. ) tor 

partially ionized non-equilibrium cold pl~.sm&, (Sengupta, 1961 ~ ; 

Heald and Wharton, 1965) , 
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where m is the ~lectron mass, e the electronic charge, n the 

electron number density,v tho electron-atom collision frequency­

and w is the angular frequency or the applied radio i"requenc7 
' 

and -is==the~~noy-=Gf-tb~adio &req:ueney-

field. In the abo\re equation the imag1na~ part appears due 

+- --- to inherent _plasma reactance. Actual]J1 the phase lag <w·h:tch :ls 

~ apparent from the equation is due to the mass .inertia. It may 

thus be seen that the conductor approximation is valid if 

w <<. v J 1n that case, 

whereas for th~ another extreme case ( w >> v ) the plasma 

iirpedance .~s purel)' reactive. ~hey ~lso studied the aec. 

cpn(j,~ctivity · .for in-termediate' frequencies whexVJ both resistive 

and reactive parts -were dominating. Finally tbey solved the 

Maxwell equations 1n cylindrical form for 'Uniform plasma. It 

was found that magnet.ie field* B(r) at any radial postion r 

could ba given by the equstion 

H( l*) a H(B) · J 
0 

( (' · r) 
. . Jo< fJ. R > 

where 2 'l 
~ !i£RV ( 

'l) 
) 

f = - {i) 1+3-- I IR lV 2 "ttl•?) 2 2 
c ·~~--·~- ')) +,,w 

. : ~ 

, -.J_ • According to the autho~s B( r) is the magnetic field in the 

ratl1al direction but actually field direction should be 

1ongitudinal. 
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e.na R is ·the !llasma radius. t~ductton ot· magnet~o flux c; 
flue . t·o tb.(J presence ot I~h~ is evident trom tn.e aboVe 

equation for H(;:-). u lP0 denot(ia tne ~etic flUl!t: in the 

absence of the plasma, the reduction ratio « eoUld be 

:wr~tten as 
J (j} ll) 

J!(p 'if 

!J!he l:.!le.:t1on betweon <ro and redu.ction :t'Btio tp Ato 
was obtained num<¢1oally ~d p~ottad. taking -1 a vfw as a 

paramater.. S!his l1e.vealeii an ' ' interesting MP?~t • • o£ the 

p:roblem. It eould be eeen trom the graphs ttmt the d,e.. 

eonducttv.\~Y ob~J..n.ed ftocm the ~tic fl~ Chang~ is 

1nsone1t1V$ to the Val.U$ of the l]a~ter j = 1J /w • T!lus 

1 t was Qrgued tr.nt provided the suooenaf'tll evaluation ot tho 

quantity ip /q;~ .113. l:m.®n ., Cfo could be (letermined :reiif:ibly :s.f.nc$ 

no detailed Imowlocl~e of ·.v 1a l:equ.tred.. in ·~he eoconrl paper 

o:r ~a~ and liag.tli (196~, an narnplo of •petie flmt maasu• 

~ement in the plasPin and evaJ:u2 .. t1on thei'ef1tqm of tho plasm 

eoniiuct1v.1ty v.·ns gfi.ven. :BasicallY the method v1aa vecy 

s1.milar to too.t ot nlaokma:n (1959 ). ~ll(t plasma tubo wae 

inserted in. a eingla tur11 coil. of a :r£ o~cilla tor.. l?~om tlle 

observed shift Ll t of' the t"esonanoo, frequency at the onaet . 
of the :pl4\$~,, mlsrl$tJ.c jZlux penet:r:o,ting ·the coil wa.a 

~valUBtett and f1:nall.N plaartw. ooauc.tivity 9'lt':t,.a deteritlined!":­

tt may b$ $-pparen.t now that ~11 thO activo coil probe 

e:rperilnenta t1entio~d in. tll.i~ eeotien utilizes the ebane"' 

J.:t1 either indue·~noe ox- rssist@,4teo ·of ecttl probe. clue to 

ine(;!lrq;tion o.f' pla~,, 1n one way or oth$r. 2-ut thaorati~~Y 
. :•: 

.·.· 



• each o~ them viewed the problG:m trom d~tterent angles lead~~ 

~~ flotne uniquaneas of c.ver:y experlrnent. ~a!l$ka C\nd Hagi. vi~w&d 

the tnduotanoa c.u~e effeot .tn n .dif.t"~:cent manner. AcooX;>dJ.ns 

·to them if plg.ama, to~ ¢onductive1 tba appl~ed eoleno1dal :r~~ • 

· field w.f.l!t induce ~ddy Cttt'~~nts whiCh will flow around the 

plamm.a din@1pating en'rgy 1n 'tbe .region where they flow. by 

WhtCh magnetic :t1u::c .ta oxolu4ed .from th.1J.rt region.. The ~gument 

ia otm.tlar to th3't .s1ven tor the Pl\Y'f!Jical $lpi::tical\ea Of ek1n 

affect• ~hue the effective Ulduo~'l.Oe of tha network is reduced, 

l.*esult!n~' iu a ohsnge in resonano0 teequ.enoy .. 

weijlsuremento were QaJ:\t'ied ottt for two hot cathode type 

iU.oobarge tubes, onG ttiled with 1 torJ.~ of argon Md tho other 

wt~tn a to~.r ot neon. An. o~dtrr~ry Hartley t~pe IQ oao-ill.ator 

(fa.--equenoy l."f~nge 100 • 150 tm~), with a single tut:·n ooJ.l, wna 

employed~ 7th$ radius of the goil (2.25 em) waa kept much 

latgex.> than the- i'e.<liU§l of' the dieoharge tuba in order to 
mtnimt~e i;he otr~~>- ~pao1ty ~etwaan the coil and 'tlla tube, 

~ 2he Cl)il ou.t:gru.t and the outpu.t from. a otandat:fl signal 

gen;;-~tor was fed tO' a m!Jter eirollit (Fig, 1.,). The ~esonance 
I 

frequency sb1ft b. t aue to the L~tertlon. of·· tho pla.:mQ tube 

J.n 11 was then dete~d bY <ib$e"ation of the beat betwe~A·. 
I • 

th() oaoillatot• sigll$1 o.nd tha standard aipe.l. :fh• obearved. 

fr0qu.,noy· eli!:tts Ll: tor 4i..f£erent. d.ifJ~se current$ ~ere 

g1V® in i~ige,. 1·.4 (a) and 1:.4 (b) from wlU.ch 1t could k 

observed ·that in acco~noe with tbotr theorettoo.1 prediction 

~ £ was found to be positive and tno~eaaing with tbo d.ieonarge 
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• O\Q\"l?•nt lp t a0 long !1\S 1t was in the ~?er~ :fttnge. llu.t i.t 

waa ~llolo ob~$rt'e¢ (not !.'hQWn in ·the. tiguraa) tbo:t. ~~ 

e~tremely t~.mall. VflilU~s of t,p , L1 f was .tctW.d tQ be n&SDitive. 

lb:.evioutl-1 th$ f!S~tfte ~u;th~ (~~. and tr~:l, 1962) ·observed 
"-

the Beg~~ti'\f$ chen.&~ in 1f''' morE~ llk'lt·tedly in the ~s~ ot a 

fluoreseent ~P•· AOti;1~J:41nfl to 'them the o't:>~e1.~ed uego.tivG 

~ng~J ln. 'f' is·~ op~n qu.~ts't1onC!. ilellfGVtlt' th?3 p.rceGat 

a~uthor•s .QI)~ent on thifl obnc.u:vation ~111J.ll appear tn the 

1ttt:r:oduc~1Qn of thG: ~t Q•pt~. Aa: -Y be seen bel•l thif 

ef'teQt wat:J also d:i$w.e.aact 'bY Ak.bl.OV {tn,d KO.rlenko (196.f)) ·and 

BtiUGl$~ (1957) q~it& at l$Dg'th" 

~o dr~rtor';m1n<l· e,onauot.t:vttr tr01n thG k.¥.towled.ge ot t1 :r they 

obtaiMd on the ba$is ot a ~imple ~todel ot unifol.-'m plasma ,_ 

the rel.n.tion betwel13·n. the flU.."'t redttotion faetor and Ll t as 

·Mo. _ :, s3 .· ', >. 

f ~, k ;;;~~a~ ( , • ~~· .. 
wh~$ cs1 + a2 ) r~p~t:ts~nt·e the ~roe~·eectio-n..~l uea. of the 

oo1t, s1 ·being ·th~· oqmt~l area oeOU:p1ed b1f pla.stna and s 2 th• 

~-~illder f an4 to ~ 'f1 ~$prGetnt. the ~gn~t.1o flU$ 

peXLet~at.t.ns. s1 b$'fOr$ and ~j!ter inaertion ef thG plauma 
. . f 

~e$tl8Ct1Vt1Y and 1¢ :i.e a. co:tmtant ch:wactG~~s .. t1c to£ the 

~pparS.tus u.se4-, !fb~Y did not at tlu.e etage u·aili~e thf;;.l usua:l 

ca:U.bra.t.t.ng ;eel'll'U.qu.e ws~ electJ:o11tes eJlt'! t;lemiaonduotQ'rl$ 
t 

to e:voiti th(J u.rik()\'U f<~Qto%!' K • 1n.tlt~a.d 4~ter.nd.ned. tt u.aing e. 



: -:~ ~} ·' . ' ~ ...... 

·~ : ' 

f, 
trick¥ method., rn order to f!(lt$J:m:1.M lt · • aluml~ toils in the 

shape ot oy1~e~ ot varioue a.ta.mato::c6 we~c .tnae~ted .. in. tM- ootl. 

Sinoo tb.& skm depth wao of the t.tl:tl"~~ H.,~s ,;,s~~ 'lox: ·~ o.l~UJ?t 
a.t the rel:evant .frequ.cmoy, the: m:tS'fi~ltic field wao e~t:t1et(!{ly 

exelu~ed. ou.t ot tbe tt\2:'~a s1 + 

t 

Thu~ k wat:3 tound to b~ o .,a .. ~ 
Aooot-d.ing to t'ha p~eaant a'" thO»~ llo;r~ev~, th1s &'$thod .. r · 

wa.o also· a aalibration ~tuo.d tn ano.th¢r .fo~·, and e..t.nc~ no 

gtUU'd. was ·tsken asainot td10' :fo~t1on f)$ oopaoit~'"'l~e· tletween 

the oo11 and the eluntUtium toil, in till proba.J>~.lit~ Ll f · 

valu.ea were ol:rtained with sevete unee:t~a,tn:ti~~~~ iii.l:ctb..Q$>1: tbe 
oritl.o1tJm ~~d., bY' the e.Utho'rs -~t the oalib,mtton me:thode 

. . 

· ~ adopted earliexo ~ay be ~id to btf:r apptie-3-ble to the~ (){1Jn 

method al~o •. ~ihe ,b'f~.J.ol' ,diacx-<i!~:not e>bs~rvea ~-&tween the 

oondl!Otiv1't1 ramll.te obtaiuQ& by ot~~d I)~.~Pe methocl and the 
.; . . . 

-

coU pr.ob!l method ~ be d~(;l to tllis # ~b~re ohould) boww.~, 

r~in in:t~ina.u) ti.ecr$pa,n~ioa. betwe"~· th$ results t)b'tiained 

'by two 41fte~eu:t teQblUque~ht ~hi$ 1!/'JJ!>,:j)' ba 11.11derato0d ( OhQpter 'rJ) 

if t.oo e.f.!eot ot .lladial di.et~ibutton ·ot conduot1vJ.t;is taken 
I 



of .t\k!mov til'!d !{u~ukt) ( 19($6) vth~ :tnv~etigp. t~d the v~ltdi ty 

ot t.b.e two .aJmi:U111 ·~$ll,..~t1Qt-¥n coil .probe methods for, .meae~J.r1g 

p~~it!i, co:!Jdu~tiv.ttt~e: .~ al~~ exl]lql"att ~.:loua otb.e~ p.OGB1~1-­

li·ti~CJ. J:b®~ tb&Y. p~tieu~~ly di.~ttU.s$ed th~ work o.t~ 

»la..o~ (1'959) a.:"'ld lJQina~ot ~t al fl962)., tht.\li.r comriit.tnta e11e 

al$o epplt:eabla: ''G.o ·thos~ wb.o $.tudied- el.ellt»ic~l. cond'.l.Ot.i:vttr 

by ol:J~~#v~ 0tth~~ cbange. in :t:r•sonano~ frequ.enoy_ •:t' o~ 
• ~1'\. 

~· cn:;~ . .ngt) in qualtt.W t'net9r -~ .~f th~ 9sc.S.lls:to:It ~Q1l ~~.n.i.®. the 

-plas»a waa. tnl!le~'b~ii ~-~ Jtl a.llno.at QlJ.. ~thea.~ ~1!per!metne .tn 

crier to Clllbr~t& ·~~ ~P4?·~~atu~, the- pla$~-WQs ~pl.~eed by 

~leetrolytG~ v;tth 1Qw11n Q~.du<;tiv~.tw ax.t.d· ntat.\e u~e ot the 

oulzlbre.tifi»:rt. ctU'Ves ( i1 .f t\t t1 £( cr ) . \)i" Ll Q = A 'Q( cr ) ) tbuo 

ol.'>tained. Ak!mQv tu~d Jt{}\t~;cko, .. .f<;ll;~,riag ·ttlt.!l1~ ovJlt <ibt;O);'T$t.1m! 

qu~atioQd i~h~ ~el:lm"bilJ~:ty ff tl'r .. it; ea~i'br.ntton tllctho£1 .. ~he 

eape::~~ntm,l appar~:tt:t~• ~~l.ar. tt;l 'tl\\::~t ert :i:~v.:m.k.a ru1d. :P£!;$1. 

(1964}., ~tet~d ot !:J. ~Q:t.p.t:tts c~~J..lJ.Q;toa; Uf$.Gd to e"..t.Oi:te tb,$ 

tJJ.nk ct~QUit.t etand~~~ f'"~iJ~1~a:o.oy (f.f) iJ~ne.;r~tor ~-M a m:txer., 

~h$ :fre-qU~MY $hlt't was ~a,StU:G4 b;tr 'tb~ obsa2l'V&ticl't ci: ~!Jt.1Jl~ 

!l1b~ m0eM.W;;:'Itf!tm.ts· wer-e oodo ~'fl. ~.l~~~lytQa and. t.n; ;the :1?06'!i;ttve 

eo1umn of :an a,t'gon-:me..ro~y . sa,~ ~~· lJll•~:g. ~lleJl obta.t.n.<td. til0 

q;11n~ti:ty 11 t /tqs (~:~ t;e~~ t~:f> ~~~tte:noy ot ·t:.fte· oaeillato~ 
b$fo~a !n~J~$l!'t;l.on of tll~ te$t .ob~fl)ct} · for ~lee~a:tytes of 

fU.fte-lt'e:nt oondttot!v1t#.0S and al(,zt.) for plas~m.~ ~t l!if;t:a~~nt 

~~.so.bar~ c~:ents ~~bling; ·hhem to plot com!uctiv4. t:r 11erawa 

b.l/t geaphS (It1g~1.5) hoth tolr el~etroljt$s t~d pl$.SMS~ 
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A The p~ oonduq~J.vt.ty w~a obtained by o:er.li~'l!~ry probe tte.~M>U.t.·e:!tenta. 
It mny be obsewed ;(ttom th$ figure th~t in oont:ra~rb te> tk?.a 

pr~dioticn of ~n:waka and Img1 (1964) (but :in oon:tQl:'met1a;.'l 

with $XperJ.m.en:tnl onset~t~otw) the test ob~ect .1..'1 the co11 
' 

erut <l~iaaa the OJ£tOil1ato:rl' U~\lU~ll()Y fo;r some ran~s ot 
. t 

conductivit$.@$• J\QcO~ding to the aj(~hot'e and also according to 

:f.tauale~ (19,7):, th~ rmiuot:lcn of traqu(!lnoy waa due to the 

ca:pa~1t1ve f1ftec1!; o.f the test obj~ct on the \"lQ:rk coil. ~he 

proaence o£ ccnduet~ body 1n the vicinity ot a ooil !netea~G$ 
I 

ita $t.ra,y oapn.e1ty (see chapter .It I aleo) ~nd conaoquentl\y the 

oscillator .frequency deoreas~e. A:nother aspect may b0 obae::rea. 

!rom the g4~phs tbat the pla~ and its simulating al~etrolytes 

5.o n&t h\ve tho aru'il& ttfect Qn. th~ n~as~eme.tltt c1:t•outt. 1l:h-a 

disc:cepanQ~ between the plaem oonauct:tv1ty $Vtl1'r:lgc.!ld ov~r th~ 

or()aa-.eoetions and '~he calibrating OlU!V.$$ wae e:ttt-ibu:ted by 

tht.t%11 to the rad~l l'l0ft-untg()::"m.i't1 of .i~he placma iil th.9 arc,. 

Aocol?dJJl8 to tnem, due to t;he ~k:Ui o.f.:f:~e·t, tx:t, motnocl gt~.res 

lllll . ·ulio.t-mationa of tho l~$ripb:~~rel. region Q! th:l p1W3!ile; only v:ne~ 

\ -+. 
I 

-~he co.tlduc·bivtty ts much ~11aJ.lar thr:.n ·thft cvar$gO v~..lta.a; b'::\t 

QOOOt:'ding to the p:-e$ont au:t}lor f!!i'T6n "f the sl::in depth 1~3 iuu.ch 

lt.U:'gGJ• t'ban 'the pla$tna; re.df.u.s the discrepa:n.oy lo e1-rpe.ct~d to 

rcmatn, ·since p:Cobe meyrthQd an_d ·coil method .~iva¢ ini'o:rm,ation 

.on lnQmenta <;)!:f' eondueti'Vity d:t.abr.1.btt.ti.iGn o:f difte~e~~t Q:edertt 
0 ( eel9 onapter tv}. 

1.:; .9.. .t1ll the auth<)rs (m~nttJ.oned ~hove an(i also ·othe.:;s Yi<l. ) 

Hollirater (1964); Murillo a:n5l Bonortl.o (1964) • t~tOJ uni:rtg 1tmel~Ed.1!•e 

.. d: 
'\·'-' 
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or non-immersive :coil probes determined in some way tbe ayereg1 

plasma eoriductivity because test pla,sme wes radially inbomog• 

eneous. Some of them, though aware of the fact that the te!tt 

plasma was radielly ·nori~uiitorm, did not elt'Plore· the · 

tYee· of avprege tbey were getting •.. The .importance or th~ work··. 

or·cumpi and 'ralini (19S7, .l969) lies 1n the fact that they 
studied. the interaction. of solenoidal: sleetric field with a' 

radiallf non-homogeneous plasma :1n a ve1!$· ganel•ai1sGd way and 

obtained the elq)ress1on for· mean•irigM averages of ·condu.otivity 

~· 1n relevance to the· measurement techniques adopted. bY · 
themselves. or by earlie~ authors. The eversga was defined 

\ • 

i 
--..,k 

{ 

· to be the c.onductivities equal to that of a fictitious 

homogeneoris'plasma imagined the insert1ori of' which mtc the 

coil woUld produce the· .enme cf...ange of coil impedance 

parameters, that 1s observed ·ror the true plasma. Since 

· normttlly 1n the e,periments both the change ot inductance end 

resistance. of the c~il are measured, they obtained the 

e~ressions tor two relevant average eonduetivit1es. For th!e 
. ' . . . ·~ . ' 

they J?i~et exPressed the impil3dence of a solenoid of length 1 
~ ·.• ' ' 

. . 
in terms of the electric f:i.eld E:n,. magn$t1o field ~ and 

oo:ll parameters (langtlJ. 1 and radius R, number of tums N etc.) 

and .. also m terms of the applied frequency U) , coil inductance 

etc. as, 

where the parameter 



41 

. • S :;: (2 / 1fK0 li ) • (ER /Ha ) , K
0 

be~ng the wave number, 1s 

generally a comple~ n'lllnbor depending on t.he medium cbaraoteris·· 

tics and the probing frequency. The pby sic.,l significance 

· of the term. S( = f - 1~ ) is that it signifies the algeb:ric 

reduction of tha coil ~edance due to the presence of the 

cQnduoting fluid. This quantity may be ower~entally determined, 

f repras~nts the contribution of the m~ium to the coil inductance 

snd c:(. ttie ··resistive contribution due to tho energy loss in the 

_j., medium. To ·a~ ross the dependance of 'S' on tho ch&raeter1stice 

of a ~ediallY inhomogeneous medium, tho Maxwell'$ equations 

were solved using cylindrical co~orq~etee to obtain the equation 

whore the dimensionless quantity 

k2 ( r) = ( k2 R~ I · Jl ) ( E. + 411 cr' ( r) I 1 (J) 
. . . Q . 

:J.s sam~ as the quantity <rr) 2 defined. by Tanaka and Bagi (1964). 

It m.ay easily be observed that f'or homogeneous plasma i.e.'· 

for CI'tr) = const. • ( q' (r) bemg the r.:r. conductivity) the 

equation for 'S' rGduces to 

s = 2 J 1 (k) I k J 0 (k) 

which may now be Cc;'RP&red to the e:l.Pression obtained by Tanaka 

and Hagi (1964) (equation 4 oi" the, first paper) and consequently 

's• repres~nts in that case or the so called !lux reduction ratio. 
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They solved the problem (i.e., the diffa:rontial equation given 

above) numerically by taking the conductivity profile ot the form 

cr ( r) = cr L 1 - m ( .L ) n 1 
o R . 

They analysed the dependance of s with conduotiv1~~0 for.ditferent 

valu_es of m and n ioe• • f'or. various conductivity profiles. In 

their analysis they however, made e lew ·frequency approximation. 

i.e., w/')) < < 1, !O that tbe effect of displacement current 

eould be neglected and therefore the r.r. conductivity a' (X"/R) 
•·. 

was replaced by the d. c. conductivit-y a (r/R). It was argued that 

if the conductivity pro:file:' is ,_known beforeband, a measurement or 
d.. orr et sny f're~u.ency g:ivem the value or the on-arle 

conduc:tivit.y Cf0 • It was also obsel"Ve4 tr.at for unknown profilee 

the o{ ,~ measurements ec.:1.1ld give ini'ormstions about the pla~ 

conductiv1t)r through data loJhich are proportional to <Jo • _ This 

observation was found to be valid for some range o£ ao. It seems 

that the pby sical significance of' this range of <i'o in their 

derivation was a bit obscured.. However·; to :tho present author, 

the x>ange ,of <T0 is .'.lctually determined by the requirement ot. 

eo~lete skin penetration of. the r.f. field at the measuring 

. frequency. lienee in the mentioned range, the measurement of · 

cf.. ( or 1 -~) fot:· the unknown plasma and for a homogeneous 

medium ot conductivity <I = hero gives the same result at any 

f're'.luency. Therefore, ~c~ord:l.ng to them, with referafloe to a 

resistive (or inductive) me.asurement the plasma~ 'simulates'~ 

a hC>r.lOgenoous medi'Um and G csn be interpreted &e 8 spa.tial 



avl!lre.ge ~onducti'V·ity. ~hue twl;) a.veragea \l * and q** were obtained 

according ~o the resistive and inductive measurements roapeotivelya 

q * = .J... 'u·(~) r' dr 
n4 o. 

c:P· ... =_f.[~ '<J (r)r' 41'1
2 
+ t • ~ ;r5 .mf~.· . j q (r)r5 dr ]

2 

~ o j . R Q ~ o 

Expertment.was per£o~ed for a flow facility pl~sma 

u.t111Sing Q-f'cotor me!luzuremGlitS ana employ.tng ool1bratJ.on with 

el~ctrolytee (H2 so4 a(}ltttiorw) to obtain ·tho fj.rat averag& 

~ cond:t~otivi ty 'l * • Later they ( Oiampi and ~alini,. 1969) extended 

tile theory and meaatU"ementa taking the· o:f£ect ot coll.ta:Lon !rGque.n.oy ._ 

into account • 

Wit~ du~ ~egnr4 to the depth of the theoretical aspects of 

the pr~blem t~eated by Ciampi ~d ~alini, it is telt by the 

present ·author that the oxpreasi<•n of the two J.;leaningfUl averages 
' ' 

and the relevant frequency and conductivity ranges eould be 

obtained in a. more a;t.mpler wa11 by considering the prob6) coil 

• and the eo.ndu.oting medium to form a t~ansformer (Ghoaal~tiandi and sen, 

1976;1976) tlle primary and tb.a singla-tu.rn secondary being the 

oo1·1 and the medium itself re$peot!vely. I.n this way the a.varage 

\f * w.as obtained yielding the same result (ul!ing equation(i) of 

reference Ghoaal -et al;197S) slve-n by Ciampi e.nd S:al~i. It is 

also observed, though n.ot repcrttild; that in the same 'fiBI.Y the 
' 2 . 

expression rfQr- <:r ** could b~ obtained. Fu:.:-t;her,, withholding the 

eonsidera:tion of the sGnsit1v1ty, accuracy and d1ff1o"lty 
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of the meas\i.reroent tel.cbnique, tbe traquen~y and eonducttvity 

ratlg0 doublets coUld also b(' obt!Ull$d by 1.J.imple ar~n:ts by 

raquJ.~J.ng that w ehoulct be. Vtn:3 amall eom,par~d to the 

coll~aion t~oquenoy eq tbe.t t!le displa.c~nt current may be. 

neglaot$d ( 1~e •. r.t, eollduetlvity !iii';;. d,o. eondu.et:t:'vi.tf) p.r.Jl cr 

should be ~ufficien:tly amall eo th~t i;he $kin depth is ve~y 

lal;;'~~ compare-a to the plaema red4.t.Ul. 

1.s~1o. It ie also .felt .in oolt;}unct.t.on witb. th~ obsenat1ons 

~- of St~kes(1965t 1~69) 'that on th~ baa!,s o:f average e.ondue~lv.tty 

ruouel. ne infol~'J.tio~\ eou.~e~J·l!~~· 'the nnt•;:r6 of th~ .eond11.etiv.ity 

proi'1lo could ~oe: obWnea. trqm tho ~factor· tnEM~a~0~£)_nts tt.:1.!'inl)t 

and i!tl f~et n oot1plete.ly i'f\1~~0 · :piettw~ of th:~ cf!ia,r.anter o:r t!'!.~ 

ooud~o·ting region eueh as pe~ cQntlrvJttv.t try an;i tun ~:e:f~fJotive. 

ext~,nt o:f the oonduoting re$i.cn, Q<:Ln l~i.\) obt!?.inad if th~ 

m~n~ententa oo:•e int®l:·.preted in te~~ ot ~n avera?!t:r c~ttc:ti'v-1 ty 

m,odol (see Qlso cl1apt~r V p:£ the present tbeais). _ .. , 

Ao fQ:C example, tor p~a!ll~Jo of the types · trer.rted by 

Qialf,tpi ~nd 5l?~lini, the dif'i'el:'~no~ 'between tb'l. a~thal 8"1$ro.ae 

and the o.n-aats eondt·tt::tivi·ty ~f.,n ·be nr;t much afl. ~ faotor o: 5 

and i~ the vrof,t.le oonata.n.ta' m' and ~n' ift-1:'~ ~llrfi;\'teil 'to be ~i~;t'it.;~d 

indetiru. tel!r the afo}Jt~ment!C1;ned !e.QtOr i!m_7f os ~;rt;rem$ly l!l~h-, 

J.i\tt·ther tha .¢ho1oo of the 7~.rottl~ d~m:rf.:tt.d~ t~t the ~tl.a~~. fiJ .. le 

th~ ~Vailable volumeJ thio ~y b~ a valid aaoumpt:ton for an 

orilttltu"Y rl.teclt.a,..ge ttlo.erns. l:n.1t the aeeurnption w:UJ, be f~.te.l tor: 
1 

oth~r nltootiont? ~ob. t?.t$ eolid me'tal ¢~ ~roe• .1:10'fr tao1:tl't1 

plo.S.m.:'t.t plo.arne 3ete~ etc.. I:t'l thaee~ e~eee t~* ~xortJ:rs oa:n be, 
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ver':f much greater· sinee tbe plasma oonduot1vity maJ fall to 

zero eome distance away :t.rom the con£in1BG \Vall. ~fm'lp~rature 

meas~:rem~n.te. on an argon plasma j~t made by i!osmin and 

Oheenokova (1965) indicate a: peak oona.uctiv.t:ty of rousnlt 
'000 who/m, .falling appr&x!mat$ly to ze:to at a ~dlus o1 

• > - •• 

about ;s .. 3 mm~~. stoke~ (1969) tb.aol.'&t1callf ca .. lcul.ated the 

azimuthal average that al:~.ould be obtaJ.ned tor the r~oak\Tin­

Chaanokovn plasm atrea.m aee:umeti to be ext~usting along a 

2 em. diflm. tube, !~:hie le given. to be approximately 100 mbo/m. 
\ 
~· . ~bu.e it is seen tba.t the on-.axis eonduct!vi:ty is '0 times 

·larger than the a-pparent average •.. Given below alao the 

results obtained by the present euthox~ (Ghosal,Nruldi e.nd. S•n,' 

~ 1978) for the a.z:tmu:tool e:verage q:$ ; volume average G"vol. and 

the on-alitiS oondttctiv:tt:; <r
0 

of a marcur7 arc plaem for direct 

Dtaobarge . R "' - R <i .i /CI(r)r'dr crwl=i'a ~<J(r)rdr · <l"o Cfo cr() 
current 4l R4 o • 
I (amps) <•a/om) (mhos/em) (mhoa/o~ 

crq> <lvol 

2.1 o.,sg 1.90 6.26 ' 1 •. o:s 3.29 

3.1 1.26 ,.70 16.05 14.;52 4.00 

4.0 1·~79 !)..,,, 26.55 14.91· 4.98 

5.0 1.94 6.01 . '31.00 15.72 s.o? 
' ......-... wv J v !a_...,."!' •a'q ,,•~H ;;.,_., NMQVP'#'A~---N'· 
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It may be observed :f~om tl1.e a-bove tablG ·that at 5 mnpe. 

diech..'!'U."ge c~z-ent -~he on-u1e eonductJ:v1ty ea.n be about 16 

times the a!5tm·th!U av~rago W1lue • 

However, tha ueo of iuduction probing tor measuri:ng 
' 

;plasma oo.nd.u.otivities; is b;y- no meii.u:w u fl:'U.itless as would. 

~ppae.r from the above c~ents, 1nstaad the meti'Wd ean be 

tnt tfully u:t11.1aed to datorrtlile mnaor. ebara.ote~tatic$ of 

the plasma. lt the aforementtonet\ mea.su:t'ement ts supplemented 

with additlonal informta..tion uatng an approach of the preetmt 

. ~- author ( <,"nQpter IV !iUld. Ol:1apter V of the pl?e;:Jent thea~s) or 

t'it .. ~t of Goldonbu.rg et al ( 1940) 9 

1 • 3 .11 • In the pl!ecedUlg sections rnetnod$ to:r: determination 

ort ave~ga a.amu.thal elactr$-oal oondu.ot1v1 ty have b$en 

dieoussed whe;r;a tbe efzfeoit of pltiama medium on ei thet· the 

oo!l resistance w "t;he probo coil inductanoe was u~1li.zed tor 

the .purpose. Mikoebiba and &lit (1969), on tbe other band 

described fA- ~wer ap:p:roaoh o£ meanuring plaema conductivity by 

-~ ut111m.ing the dependence o£ the mu"~Ual J.ndl.lctanoe of two 

ootla upon tb.& conductiv.t:ty of the medium lying between ·the$ .. 

out of ·tll.e severai' advantages ot the method bighl!gb.ted by t'he 

authore. i.n their papal!, it eeeaa to tho present au:thor tha,t; 

u that 1 t oa.n be U$~d over a oont1nuoua and wide ra.:nge of 

eondu.ctivity 0.31'1 be .mt;tasured (upto 106 nlhos/m) '• is the most 

s;l.gnif:tcant one. f~le improvement. is the outeome of the 

inherent sensitivity of their al)para.too 1.vhiob was not endowed 

with other eleeti:on.le acc~ae.orias .• In the £o~er t1pe of single 
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(\ coil; ·meueuremsn•ta tbe ~ofleoted tmpadano$ of the;t oaoillatot coil 

waa Bmall end $enai tiY!.:t;sr was usually ~cbi~"l'ed by us:t.na t!¢tlng 

techniques f>r • • Q spoiling mtthoda ' •.. fit th the two ooil m~thOd 

dea~1bed·b3' these s.u.tbors, one coil acta au a tranemitt¢rt the 

o·ther ea e. l'eoeivar., ~b~ aignal ind:acaa· by th~ reeeiving ooil. 

is m'UCh lea a tlitm. that appli(.Hl to ihO tl!'anemitting COil W! til 

the resuJ.t thfi.t th;f; relative- J:enct!o:n ot thQ indu.cad ourl'ent.e 

upon the rsceive.t• coil ie mu.ob more pronounced and aver:~ 

al.mple meae\tt'emant of eign.'"tl. attenua·tion .ie su:f'f'ioient for 

cont'b.tc.rt~i vi tr meapuremt;m.t-•. 

~he two ooil technique wan daveloped in order to 

measure titer .eonuuot1vity of a Bb.oolr. .preC\U'ec:r plaema~ mt1e 

necessary theory was devolope4 b':J oQns1dering a shook t·l:lbe 

geomen.try wi tll two mtllal. colliluettvi'ty tistributions that 

might be OOtpeoiu~u itl a preo'\U:'sor plaema, v1z, • umfom end 

annular conductivity ,firOi'iles. Dapicrt~d 1n the dia(3ram (l?!a;.1.6) 

the ooU epnf.t.~t!:ons e.o uaed by t-het~. 2:he field 0911 oonaisted 

o! one turn~ Mu.lti turn wna. e:vc1ded due to tbe flPllet.-a.nce ot 
undesirable t:eeon.anee .e,r!sing £rom winding a..-;;paoitanoes, Field 

eo~l loading due to ·GM pates~noe of plaQma in tlle· J.mmeQ.taee 

vicinity waa. m1DJ.mi~od by oontteettng ra. su:Ltabli large rea1stor 

in eerie a with the eoilt: ~!:he · outpwt was· ·tnken f.t"om. e stmilar 

single ttU-n .$oaroh eoll and was tad directly to oaeUloi!Joope 
. at. 

- L I . . 
probe (hi&l tnvut impeda.nceJ ~ s·t.t'1i~~ · on.pe.oit_t.ve effects were 

a1Ge observe(l: by 'tbem1. particn.tl.a.,rly a.\ l'l.igh i'requenoias~ ~o 

solve this· problet"tt s. seoona eearch · ooU of ~irrJ.~r oo;rwt~uotion 

-~- to tbe £il'et search coil woe placed ~n the otb.e . .r aide of ·the 

field co1~ wlth rtlspoot to tl~ firs·t Qn,e and bDth aea;rQb. ooil 

eiple were f'ed i11to a diffetenoe e.mpl1£1e1... !l!ntoug:~ ! t 
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· SEARCH COIL 2 . 
(AT HIGH FRE~UENCY) 

· PLASMA ~ 
. cONTAINER~ \ 

. R. F. GENERA'h>R 

·A- 8 
. INPUT. 

VOLTAGE 
DETECTOR 

'· 

COIL 

FIG. 1'6 TWO COIL rf PROBE ASSEMBLY FOR · CONDUCTIVITY . MEASUREMENTS. 
SEARCH COIL I RECElVES THE rf SIGNAL TRANSMITTED FROM THE FIELD COIL 
THROUGH . PLASMA,. FROM WHICH CONDUCTIVITY IS CALCULATED. SEARCH COIL . 
2 IS USED (AT ·HIGH FREQUENCIES)' · ··TO BA~ANCE OUT THE CAPACITIVE CU-
RRENENTS IN- THE SEARCH COILS. 
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t9U.££et'G a:t'cm 'tllG ~n~aial.eaa tha·t¢ thQ CQlld\\e'tiv.1ty- t!qaults ta~$ $Qm~ 

$Ort of &'1Ve.rage.s dett"C'.ndtr~ o~~ tho cho1ce o~the ~<mduot1vt ty 

distribu.t1on model• tho wor:tt may ·be enid to be a $1gni:t'1em.nt 

edve<noement to oth;e:r ma~hods (diaouaaed in oov.11~r ~~ottona). 

1n toot· ;tt needQ 110 c.alillratiml und .al.eo. in -tlt.'lt it grov!de$ 

a vory :wid() :Wat4g~ o.f 2en.su1:able conduot~vl..ty <r %" + i cr .t. • 

1~5.12. Baau ~Uld ta~t1 (19'1'$) elabo1."a.:~,t;;ly $'tt\d1ad the non-

immarstve <='?il ln?Qbe tne'tf+Od. fOt" a. hO~oa:'thtJde J.Qlli•:praa#.n:~.l'e 

d~. dia~~gc plasma wheJ:e th~ ~lf!.ct:ron-ntOI:it oollisio:n f.t'equ.enoy 

ia c~,pllra.ble ·to tb~ p2robe frequ.Enicy. ihe ~ttua:~~Qn ¢o~rosponde 

to the oosc wnare tho cond:u.qt$~ .epprox~tton 1e no longe~ 'V'O,lid 

and the plo.am.a 1$ oha:a."actaris~a by C\. oompl0l: ec:m,du.ctivi ty. ':t1a~:<ia a.nd 

l!agi (1969); ae diecuseed in ~1o:te 1·_,.) •. 7 wa~ tbe :fir4lt '1ho 

tocu.C')eed par·t.toular atta.nt.ton ·t.o 'the llt"Oblem o.3Z coil probe, 

oo.nduot1v1 ty meaau.remeu:b$ Qt'l. !1lf:?4~mo. whi®. altriW~ mpedano~ 

ohat>aoter1stics a-t workb)~ .t"lt>e~uenoiaet 'but the ;p~obl'flm Qf fa.n&Jea 

~nil Rasi was how to obtain the . ,, t(t ~ O·. oolliuct1v.t. ty t t wh~n .·the 

1l'l:mlaf5!m:ry pavt ot tha et•.m4u.ottv.itJ .ts non-z~:t'O;;: Uowsve:r, the 

intentlon of Be.su. .!!'~~l,;tq~~~~~}~;~P,-~JlJ._~.t;~~~~· ThOY··· ob·tainod . both 

tho real and imagj.nacy ptU:'t o:t tbe pla~. eondactiv.tty uu 

measur.\ng the two pamme~e.l!'!a (.;UJ.~trtood 61: one. a.s dona bg ~a.~ 

and Best) v~z. resistive a11d indut.rU.ve ,par·ts of thtt reJ!lt:ltJted 

· irnp~&:ince ot . tho proua coil• 

fhe eQtDplex conductivtty- .t~• ~n ger...e.ral. related, to 

pla~'\ parametare by tb.Gl follO\Jing ft~p:raortiion Uieal~ ~;nd Wl'la~on 

'·~·- 1965); 
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J~·1....,__ 

0 
1>(v )+1UJ 

~7hera v ia tlle electron velocity • t:., (v) 1a the equilibrium w!]eta 

-d~$tri·outJ:<u~, ~;:tWo·tio.h,- LJ.i_e; tbe angular trequ.enoy ot the appUed 

r - :f ii~ci, -v ( v) ls the el.eot~on atom co~Uai.on Z~aquen.oy ot. 

mamentwn t~~umfer eto, 2he a.utl';.ors oons,(lered 'tiwo ni tu.a't:iona 

where v is 1lfdeP~n4ent of electrQn velootty und where ')) is 

. -"" dependent· on v-.~ In ·tha .:tirat \'lase the e.oove equa·tton can raadily 

be simplified ·to yield; 

'1. .·~ 

<[ r + 1 (f i ;; Eo Wp/( 'i>' •:<iw· ) 

For· tha s~oond .ai'tU.atiOll. al~·o ( er--r + i IJi. ) matia£1$0 the 

last e(tuation it ')) is .replaced by S.ome suttabl~ affeot1v~ momentum 

tra®ter coll1'5l1on fraquSrncy ~er;. • It wen shown. by them t)la"t 'both 

.Ve+r and !i (eleott·o!l d~ity.) t:tSl\ be opre.eaed in te!:'mt!l of two 

• parameter~ « and p which o~o pr.OI>O~t1on~ to tlle real ptU>t and 

·1m.-~gLml-y paX*.t of the e:o.tl Jl«pedanoe 1~l preaonae and in a·bscnoe 

ot plasma .rempeotively~ 'l!ney obtnf.nea thr.> following re~tiona • 

v . _ = w " I (1 ... -iS > eft .• 
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Expelt'ima~tallJ ;tl1ey measured ·tho ro~'liatanee ~nd. rl?k'totruloe of· 

the coil with a. ~ mErter uaed in con:}unotion with a low power 

r ... £ otscillator, Mcssu.ring •tblS Q oi 'tlla aoil and noting the 

c~po.tJit~1.nce ;required for tu.ning the oireut t berth il'l _v~aeenoe 

elvJ. in absence .of :pl-?<Ot1:1 it was posmibl{i'; to obtain two important 

pl..qema. pa!rameters ve.l?f & N" ''* 

t.fhougb. tb.eo:tett~l.ly ·tl-aa ·tv-;ro c~too~ wirlet'G -0 1a. independent 

of elcotron Bl:teect v a-nd wner~ 1> t$ v (v j wao considered quite 

.J.:. at length the present autb.o:e .notoo ·tna.t it Waf) ovez:·atresoed 

since the eltpertme.uta.l- obe$natton" ~10t d:iatingl.lish the 

above two esituations and ~he obae:rvod .oo111aioll. f':t>e...quettotes 

are e.lv1a.~ye ·th(1 efteotiv~ r.!Olllantum t~nsfe~· eollision £requ.enc1oa 

in some way or other. 1;:e~1tle,eJ·, tile elt}.):t."o$sions- oi ~H ana l:J. were 

derived on tho basin ·of unitox111 conduot.!Vi:t;r rnodel which is far 

.from bemg ·t~.u,e i·n most ¢.:l,t~Jee. ;,r:ney we.t>0 ~£ cout>ae eelt .... conceJ:teti 

by stating that thea& ob t:ained pn,rt~eter$ a~e the values eve11aged 

~' ove:r the cror.Ja .... a9cttt>n of ttto plt\em.:1, but pro~es:> underotlilndintJ 

is onJ.y po$si'ble pr(lV.i.dt'Jd. tl:Ae l14~:tw·c o:f t;.tJ.ese a'V&mg~~ arQ kuowa 
. ' 

theoretically. Howeve~t if the oollducti:vity ~-;rof1le is ~own 

before'tk'lnd. by some o"t;)lor me ana the nbov.e approach aft~ little 

modific.!::l.t.ie>n might yield more meaningful r~sul·ts.~ 



~ 
\ 

' 
-~ 

~~aa~ement ot ~dio-frequency conduotiv1ty tn 

a plfl~ uaing an indu«ltor havin.$ the diso'barge tube aa 

a core Zil$terial bas been propoaed. 'by various aU.thore. ~fha 

mo~surem~nt of rad1~frequency oonduotivity· ot a 1ow 

d.enot ty plasma e·u,eh ae produced 1n a glow dieobarsa · ha.s 

been our1ed out .in tbJ.s laboratory with tihe plaema acting 

aB a losey dielectt"-10 within ·the tuning cond~neer in the 

eeconde.rt ctrcw:t (Sen and Ghosh 1966, Sen and GU{lta 1969; ) .• 

In the p;ee$ent investigation 1 t ooe beer.~. ehown tna·t tlte. 

non•immerf'd.ve radio-frequency ooil probe method which was 

$ugg~etad. earlier by various authOr$ ·bu.t not used in the 

cas& of an arc pln~ oan be utilise4 to find .the average 

a3ilnu.thal Qondueliivi t;r of an arc plasma, by etudyiug the 

change il'l the b&nd•w1dth of a ooil ·w1ound around an arc 

tu.be duq to the presence of the. plasma oolumn within 1t. 

It has boen snown that the onpao.ttuoe effect whloh ia 

important in thf.;l oase or glow discharge. is not at all 

importan·t in the case of e.ro pla~ and tl::l.e preeent method 

is auttablG for a~irnutha1 eonductiv1ty measurement 1n an 

aro plasma. The method could be advantageously used for 

some anieotropio t)ln.ar.nas aa well~ 

It io well. known ·that a plasma within a tube 

canno:t be· regarded ae urdi'orm vii th regard to radial 

electron density dietr!butio.n or oonduot.tvity and in the 

oose of glow cU.sebarge tho radi€'il distribution of 'the 
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o~:t-ge iJ.eneity ia ctl~ioaUly e~et!l'$.~ and ~ bEt 

il'epr$stanted b,y.the l!aSt:i'Hil fu.notton wbich te known ~ 

Schottk-Y model. ~he SchOttky ::model• a.e:J applied to glow 

dteo~ge, can also be assumed tG 'be --v·alld in tne caae 

of n low pressu:cs ar<J. :)fhe valitU .. ty or otherwie~ ~f' 

these aesumed models has boon pttt to. . sllazne experimental 

testa in tbe el.?.st O'f ~lev: t.U.sr:ba:tge by the probe· tuethod 

but no ehbo:t-et~ in.Veettge:tion. in thia l."Gsa,rd ·ha~ been 

cal7r1eti out tn ;the oaeE!t ot arc plasma. In tb~ ,preeant 

tnvestigat.to~ 11 lw.s be~ obso"ed. tll.~t in da$e ~f arc 

plat'mla there io a distnbuti0n o£ fllect:ton denstty or 

eleotri.cal. conttu.e1.'11v1 ty wlli.~h is net governed by 

Bee0el tunotiOl'h Th!$ iuve~ti~1d.on was started by 

a.sS'Ilm~ ·a sane~€<tlita.eti radial oollduottv.i ty <U.etribution 

e.nd f.leaatt:~7ing exp~J;>imf:1nta.lly ~ quantity which 1~ a 

£un(lt1on o:t· this aa6<Umtttl conductivity distr.tbutto:a.~ In 

tla~ :nat step a :fi·e.dial Ci!etributton tunet1on w.ae ba(tn 

obtal®d wbich givae tho closest approach to the 

£ifxpttr4Jnontal reslll:ts. 

fh~ pro'bl~ of plasraa. Q{)ndu.eti Vi t7 meae'U.rement 

\tsing ;t:>d!o-.fr~quen.O"'J coil probes has 'been !nvest.tgate4 

by v~1ous authors. In •u thoe$ exp&rimcnta the probe, 

a eingl~J.ayer coil ·Q:f suitable geomatry was e.ttb.Gir 

.t.nserted 1n or wound ~round th~ test plasma • ~e baa to 

principle involved in th~ coil probe dia~tnost!c 

teohniquea l1etS in the t~Hrt that magnetic f.f.&ld associated 
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wounu a~oun4 or .t:neerted in tbe plasma gtan,u:atea sa 

;!.mpedence retlected back into tha ~obe cotl m te=ns ot 
tts cl:uuages 1n tmpedanee param$t~re. 1!1 those experimente 

- .tnetl'ilments wer9 oa.Ubl:!~J.ted b3 teplacing 'the -test plasma 

with eleerolyt.as of known oondt\Ot~v1ti~s.. Sinoe the plaenm. 

.ts nevGr wf.tol'm-wi t"hln the cont!.."Ung walls, the obtaineu 

conductJ.vJ:ti~s were some sort of averages defi~ed to bG 
-t< 

the oonduetivittaa ~qual to th:l},;t, o£ a ficAtioue homogatwous 

p-Ul$m'a,_ the insertion of which .itito tbe tlOU would prod.ucQ 

the ~ change o:t coil impedt!Ulctfl param-et~ra. S,li1'1CS 

norml.l:; in the· exp~rimenit£! ei t'h~.r the ohan3e 1n ind.uc~anoe 

or res1et~nce o! the ooll were mea-sured, the Qbtained 

conductiviti~e ware avera«ea c.f two distinct types~ Moat 

of' the au:thors eltpertmentally obtf'f;in.ed t~ average 

ccindaottviti~e of plasma o£ v~ious tvpae but d~d not 

look into tb.G st~uottt.re of these averages. It is felt by 

'the present author in .conauotion with the, obeervatton ot 

Stokes (1965, 1969) that on the basis of average 

condu.otivtty model no, tt"U!o~t:ton aoncem!ng the nature 

of' th$ oonductivtty profile eould be o'bt$ined from the 

rcsistanc:e mea~ements alone1 and ill fact $11 incomplete 

piotue 'Of tb~ character ot tne eonduet1ng :t!egton, eucn 

as i>eak conductivity and e;f.fecttve ex:teneion of the 

conducting region- ®D. be l:ibtai»$~ if the lneasurementa ere 

interpreted. .tn terme oi an average conduotivtty model. 

J:t can be said the.t these ~nduotiv! ty zneasurements Cf:tn 
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rl-\ give practically .no tnto~.ation rega2.;'d1ng the basic structure 

of' the oonduct.i.llg modtum. one ~xmot even pRedict tho 

eonttu.ot1vity at the axis or ·affective width Qf the 

oondu<rtd.ng rf)gton w1 th aa.y accuraQy on.· the basis of ·theee 
"' . . . 

meas'\U.N~mentth In a. detailed analye1s it has been shown by· 

the pre~nt author t~.:tt trom the reaul:tm of · aimultaneoue 

meaaurem.eats of. a9Jbnutha1 eleot:rioa;l conduottvJ.ty (coil probe 

metho4) e>.lld lcng.i:tud..i.llal el~otr.i.cal oollductJ.vs.t:; 

-~ ·(.l'.4ngmu,U" prob~ mathod) ot a plasma. it ia poa~ible to obtain 

valuable ·informations on the major ob.araeteriut,Qs of the 

eon4uct~ medium witn a v~ry good aocuraoy suQh as, :maximum 

\ 

/~. 

I 

e::ttenetCll of the :plasm, lower e.nd. u.pper boundal'ies of the 

peak eonduettvity and the obtai~ble 1nfo~at1one are 

tn4ependant of the ·Oboice ot tile profile form •. 

When an al"O .1a tor.mea within a tube, the CU!l'rent 

density 1~ not UJJ.itorm t=ougb.out the oroee ... eeotion bu:t !a 

me.'2dJnw e't 'the e:.t1!$ and ¢i1llimum. &t the porlphary.. ~his 

·pb.Ol'l01'1lell0li GiVeS z:o!ae ·to ;:leleeti'VG self•heating at thO axiS 

of the a.ro ple.ema. !rho uc oontinu.ously ab$orbe power fi:Om 

the source and g.i V€18 ~t FJ.Wa'$ to . the surro'Wldings. Qne m1sht 

therefore be tompt~d to eonsider that thE'J mechan.t$ln O.f 

~e:t..ecttve aelt,...heat~ might be employed to deiit)rtn;i.ne tha 

tllerm.-"11 0¢nduetiv1ty oi the plasma. 'J:b.el?e are austi:f1cat1one 

in neglecting the e:f.fet?t ot radiation and cora,vectton lll the 

o~ee of'· low tmnpe:t•atur:e: arcs 'but nevell.'theless it ie wortllwhlle 

. to menttcn. tlll4t: til thitii oa.se the proa€)SS Cf heat :low l."Gqutree 



r-1\ cloaa observattc.uw. In a w·eakly ioniaed plaa~. both the 

e1e~tronio and molecular cont:r1bu.tione to t!te!'mtU.. oonduc.rtivit:t 

are to be eonitd.derad~ One might pr~dominate aubatantiallyc over 

t'he other uepand.tng on the <:alGetron temperature, temp~~ture 

srad1entC?. (electron temperature a...~d gas tempei"ature.), eto~ ~h&re 

\ 

-~ 

mi@ht be pJ:es~nt anotnar :mechanism of' hea.t £low other than 

th:at_,_ conduction; ~adiat.tcn ru1d aon.vaction whioh er1aes 

owJ.ug ·t() th$ f'a<rt tha;t electron denai ty diatribu.tton may cause 

diffueion and on~l."&' m1ght be carried (i)}flay by the elee1trons. 

In. co.n.trast to tbe ~a.se ~t bigb preest.tre arc thta m~oba..'il.$.~ of 

hl$nt fl~w mi•t p:ta.y a. stgnificnn.t rol~ in oa.ae of low presau:ce 
. ~ 

arc. ~he theor9 and the ~zp~rtmental l;'~sults ~resentetl here 

have made it posa!bl~ to calculate eeparat~ly the acntributi~n 

by 'tb~ d.U'fs:r:e:rit proee:BsEJe and 1t fl~s b$eU .observed that the 

ma~<u.~ paz"t Of- the .heat loss is due to a.mb1pola:t> dif£ae:Lon and 
' . . 

the loaa due to oont,luotio.n ~7 clectrone, ions and neutral 

partieies .ts ·eompuativcly small. Bmtther from t\?.Q experimental 

results obtain~ it has be~n possible to cal.ou.la.te the 

.' nolliaion oroaa .. aect1Qn. of eleetrQne wtth thG mercury atoms 

:to1: electron ett.\trgie$ lees than 1 fi?.,V. 

';tn ·the last e:gper.tment oi tll.~ preaant aeritils a 

ameli steady lcngitw.U .. t1al. magnet.to field bas been used i.tl ;l 

con~\J,aot:ton with the coil pll'obe autl 'tt is se11;n that tlle 

ecmd\tot.ivi·ty .is tazu:sor-tal in this situation, By £3imult$noua 

meaau:cemants ot azimuthal mud axial conauotivit!.es in preaeno0 

o.nd ,tn. a.beanoa ot the ma.gnetio field it ooe been poaol..ble to 



obtein upar.tmenta.lll a vvi~·u impo~an:u pla~ ~eter v1e. • 

the o~c;t~on-oatom "oU1&1Qn .traqu.one1 Gf el~e·t~--of a. 
I 0 

zneroU¥ arc pla•· ~he r$leva»t theo~r ~ b~en. dweloped 

tak;f.ug the eft$ot ot radJ.al Ustrcibution into 4&COt)®t., tt 
han beea. shawl\ tlla~ ·tn; e~ptll'imantal X'ewl.ta are 1u. good 

I 

agremnent ·wtth the t'beo:t:t• 

fbe propoe$d ltne Q~ tnveatt~tton p»es~nted above 
una the e:qer:tmenta.l :amultc obtained tho~etn. ·~., ~pected. 

to ~evoal the ne."tu.re of the pbyaioal· processes o<tlou.r~ in 

an .arc· pl!kGa apeo.tall.$' w.l. th re!;a.t."d to the oond.uet.i.Qn. of 

lleat and elGctnci "' ~ a d~nsf) 10lU.$fH.\ :t'f:li}ion. :tt has .'b$·~ 

pre,poeed to util.ae high. o~;rel"At ua plnama as a. s~ce in 

the ganeration of blab treqtu~ney elect:t·o-naa.sue~tio rat.U~a;t:ton 

alld the etuO.y ot ~he pb,ysic~a. p~otaetaseu wil.l ba utiG~Jl. in 
I 

the -design i\Uld f~'brication ot eu.~b. soUJ;"cea. If the l()sa 
' 

proc€U5ttee aro we;:ll u.n4~stoo4 then m,eana _,. ~e :toU.nd to 
, 

reduce ·~h~ lose, ec> th$t sreate:r · p~Z~:ecmtage of inpui euerg 

can be oonverttd to v.U:i,ble ;-au1e.tion and etf.ienoy ot erce 

ao liSb,t eouees can be en~nced" A detailed study o;l the 

v~1oue p:t"oceat:J$& will ~no useful in developing a genfl:eali.sed 

th®l"N' of ~ ~c pla~ma. 
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