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The possibility of the ues of r.f, giznal as &

- dignostic probe in the sitndy of the elaa%:rim;}. s discherge
phonomenn was fivst sugrestod by Vander Pol (1919). For a
partially ionised nomsaquilibrive cold plesna the radio
froguency current denalty , 'ziz,,'f" that flows through it,

is given dy
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wherg m is the elactron mass, & the electronic charge, n the
pumber density and 9, the gollision fregquency of the slectrons
in the plasma, and w the angular Zreguency of the applied
eleotric i.‘ielé X, e‘jw‘é « In the derivation above, tho
Maxwell distribution is usuelly assumed for elecirons while the
motion of jons is neglectod because of their leyger inertis.
Further the constmnoy of the electron collision freguency o). is
alse assumed, regardless of the clecuron veloeibty and elscirie

£ield sirength. Hence the complox oonduetivity ic given by
A
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14 may thus be sceen that botn crli; and di are functions of (i)
probe frequeney © 4 (11) electron density 'n and (iii) the eollision
freguency »). which iteelf is zﬁ function of prossura. fhe value
of the conduetivity is maximum when 1) = © in which case G4 = 1.
Thusy by megouring the veriagiion of conduetivity with f{requency
of7the Tef, L£leld, h@ﬁz the olectron concenbration and collision
frequency can be oblained, The conduetivity of ionizmed eir wan
messired by Childs (1932) by substitution of o resisiance of
known value £or the lezkage rosistance of the lonized gas, the
oseillation frequency boing 1 MHs. Appleton and Chapman (1932)
gbudisd whe vaviation of ithe yudie freguenecy conductivity of
 ionized alr with pressure ab a freguency of the order of
1000 Mz, using a Lecher wire system coupled to the condonser
within which the dischiarge tube wes placed, the radio Lreguency
current being rectified by means of a galema cryeiel and
detocted by the gélvmemtef o 48 the conduetivity inersases, the
galvanometer deflection f£alls and Applefon and Chapman obmerved
- that the conduotivity ptiaine & paximum value at a coriain -
prepoure snd then decreases in accordencs with the theery; but
i;hey have not reporbted any nbeolute value of The conductivity
for the gas '.inﬂrasﬁgwa&,, nanely, air, .Bimilar study was made
in case of sulphur dioxide ang ¥eaon by Iman and Ehastgir (1937)
in the preseure vangs 10 = 120 em. of nsreury using radioc waves
of A = 431 om. |

The pimple theory outlined above bhes beon wmodified by
Faxrgenan (1946) by taking iato eénei&émtim the proper
velocity distribution ond employing Boltaman transport eguation.



fhe nodifisd expresuion for g is given by ,
zzeg AL ) _ i 517!.
i L= G0eS W b s . :
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for values of e > » 0 ,

Ieter on several euthers developed the theory aeﬁaiderahly.
Dewson ond Cherman (1862, 1363) have developed an elementary
model to ealenlate the high fraguency alecﬁtrieal conductivity
of plasmas ReD. Berk (1964) showsd how the plosma model
sugegested by Dawson aend Uberman san be adopted to yleld &
kinebic dcseription of elestiricel iramsvort processes, which
is wniformly volid for high and low fyeguengy thecries, as well
as for Linite wavelangtha,

The theory of the eledtrical conductivity of a gas
which io eﬁ?ﬁgxf fully jonidged or weakly ioniszed has been well
established for a muber of years. bub wvery 1itile quantitative
infortmation a::ista; ;:»‘rmc‘mally tecauvse 0f thoe mathsmationl
complications which orise when the electron=electron interaction
is included iz the Boltzman equation. Redently Johneon (1967)
galculated the electrical eonfuctivity for s variety of assumed
slectron - molecule coliision freguencies. The resulis differ
by only 2 fow perdfent from those obialuned ueing an opproximation
suggepted by Frost (1962,1064). A eiwple procadure , reguirving
no pumericel integrotions, hos beon given there relabing
electron t@@emﬁma to electricnl conductivity for o pariially
sonized gass
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Sen and Ghosh (1966) atudied the propertics of ionizsd
gases experdmentslly by using rodlo freguency probe, The radie
freqaoncy conductivity (crn } o1 the ionized nix and nitrogen
has ‘hgmi';de‘hiémine& at vorious pressurcs and alsc at various
mméas of discbarze current. They obscrved that Ty inereases
with prossure ond adtaining o maximum volue gradunlly decreases.

o} T Oceurs at e same walue of prescuve fov differemt dischavge
“he maximum value cursents for the satlo gas. In the following
yenr 4n our laboratory Gupta and Unndel (1367) situdied the
redio fvequency conductivity for o field embedded plasma.

Hngate {(1966) presonted a simple technique for mensuring
the plocma conductivity. The method was based on the observation
that Hall curvent snd Heil voliage ere related simply %0 an
electrical resistancas Lhis method may alsp be applied o the
measuvenent of olectron density in high prescure placniae An
improved prebs method Of measwring the elegtrical conduotivity .
of low temperature plasma is set out by Khoghabiev and Yarin
(1966), They presented exporimental dota rvegording the effect
of loyers nogr -%he electrodes on the probe reandings,

From a é%uay of conmplex conductivity of mereuvry vapour at
nicrewave frequencies Adler (1349) has shown plots of 7, and Oy
with ourrent or presguve when the other is fizod. Using the
theoreticnl exprescion of Nargenau, Adler coleulated the values
of the electron density in the discharge space and compared the
volues thus obtained with those obtained eoxperimentally using
Tangnuir probe messurements. Adler found that the theoreticel
and experimental values agrec closely and that ¢ varisep linearly
with the dischorge current. Aleksandrov ané Yalsenko (1965)
siudied the complex conductivity of neon plasma by the Quneter
mathods. The Pesulis akre given tagmding mensurenents of the



active and reactive componenis of the eonductance. of the
parallel ploie capacitor containing botweon its electrodes the
plastz of o positive ges dlscharge column. The frequency range
a8 U5 = 25 1Liz., the dischorgs currents wers 5 - 100 ma,
and various gas pressures were used. Zhe -exg;eazmental 'xeszaif;s |
were in good mgrecment with the theoreteially calculated valuss.
There ezists a large number of experimentsl and
theoretical studies refarding radis fregueney probing fov
magmtisea plesma. Since the presence of a mapguetic field
chonges the various characteristios of o discharge, it i
naturel to suppose that the conductiviiy of an lonised gam
Wﬂ.&. also change in presence of & mognetis field. Coaductivity
of ionlzed gases guch as elry nitroger ond hydregen in a
magnotic Tield was measurad iéy Ioneson and Mibul (1935) for

preasure groonter than 19"3 mhe of Bge who found thot mavima

- othey thou those due to freo olectrons could be obialned.

With very intense fields, only the vibrotlon due te fros elee
ctrons vemalned, tho others disapparing and the values of the.
magnetic £ield glving maximum conduetivity vavied with presoure.
A thedry regerding the variation of radic Irsguency aaﬁdﬁctivﬁ;%y
with magnetic field wap proponcd by &@i@etm 208 Docharivela
(1935) who showed iﬁim-,ﬁ the peal payt of redio freguendy

conductivity wikk in o magnetie field is givon by

no® R ey 4w, )
Tw =78 —F % 2, 2 2

[ 2 ¢
( W w?}.,.wg).%w wb



vhers n s the number of electrons per unit volume and 2 the
selliston fmguenag;w is the angular frequency of the
applied fiold and O, =¢H/fis o A general theory regarding the
variation of radio freguency vondudtivity of ioniged znasce
and its variation with yréﬁsure ond vagnetic f£ield has

boen worked out by Gilaxdini (1959) who derived the
exprassion for the conductivity of an ionised gas under

the following assumpticnss |

fa) when the distributicn functiown is profominaatly -
sphorionlly symanetrical in velecity space but nog
nagessarily Maxwellien.

(b) when the olectron sollision freguancy ie an arbitrary
function of glectron velooity, the value of the complex
conductivity s givén by

egr’ 1

o
in prosence of mogaetle fisld he dofined two condugtivitiess
& conduetivity (, for tho right=nonded polarigation snd o

condunetivity O, for the left handed polazisaiion where

2 T 4 '
B YV flwes ) |

and

Goaﬁfa . S 1
B Mo Jlw+w) |



end the conduetivity in the direction of the field is
given by ”

q U = zé‘ ( Q + qo.)

2 o S |
i’e""; q 5 avv-—%ﬁ “ s _ﬁ_ - 2* - L g
¥ % #H 0w, } Nl we © )

-

and after simplification 4% reduces $o ths result obtained
earlier by Appleton and Boohariwalls,

Ioter on several authora {%,15)65; Cberman gnd Shure,
1963; Schweilser and Hilehner, 1967; Green et al, 1965 ) studisd
“he loniged gos in presenco of maznetic field and developed
the theory considerablys Compler conduotiviiy of a plasma in
n Steady magnetic f£ield has besa aﬁu&iéa by Fradban and Dows-
gupta (1967). They derived an expression for ths complex
sonduetivity tensor of a homogeneous classiead plasma in an
ezternal uniform magmetic £ie1d uaing the Kubo theory of
trongport phenonons and obigined exact rolations betwean
the condustivity tensor in ihe presence of the magenﬁial fialel .
and in i%s abuense. In the sawe year, as nmentioned aarlier,
Gupta and andal (1967) of our department stuldled elsborately
tHe radic froguency conduetivity of magnetized atr ang
carbondiontide plosmy for o wide razge of preseures It was .
cghoorved that conductiviiy decreases in presence of maghetio |
field for all valuss Of prossuse ond the propouve at which
‘conduetivity becones & paximam incveanon with the inorease



of magnatie fisld. The vesulis were cxplained falrly well
Uy an exteasien of the theory out forwerd by Gilarding (1959)
and the guanlitative agresnent woao also aotisfactonys

Moot of the radio freguency probing ewperinents
damoribed sbove zive scoounts of the plasms dlsgecatie

vechnique using essentially o s S:0y plasna

under study waes place® inside the parallel plates of a
gapacitor vhich was eithor a port of the oscilistor Sr
| forms » pert of alew civeuit. Consequently the theovies of
neagurenent were baned on ¥he inderaciion of pszellel radio
frequency electric £i2ld with plasta.

“opburenants based on the interact iﬁm 6f selino
agiguteic fiel

idal r.f.
with placms bss some ndvantages over the

methods degeribed eovlier in a way thel one can use weak
nigh freguency fiellds, which do 20t induce auy appreclable
sxcitation in tke plecmes (kis mothed of investigation rogquires
the uee of coil probes and The sSolenoidal electric fisld is
induced within the plogma due o the rod. woagnstic @1@
gensrated by the coll pmobe, The mpthod is otten uemaci as
joduction method {(onsiui ot aly 1963) cnd ativecied
attention of many plosmo physielsts in the present and past
fow decades because of ito obvicus aldvantogus ovex
mﬁvﬁnﬁm@l probe teckuiguen pavticulexly W}m‘ﬂ the gbiension
‘i focussed on tho glegizical condustivity of plasns.

The upe of magnatie {(coil} probes, howsvey , la contrast
to thet of the redieo freguoncy coil probe is more well known.
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Tie oagnobic prober are uesd %o sanple the magnetic fields
in op around tho plasma. 4 good veview of the theory snd
application of magdetic probes i ovaidable in an sriicle
by tovherg and Huddlestons (1965). lHowever, @ very brief
raview on the use of magnotic probes is given in the next
section In order bto get a propey understanding of the
tochaigue and purpose of tho method in contrast to the
vadie frequency sedl probe method montioned sbove, the
peview of which vill apposy in ﬁaﬁm folliowing whe nesxb
seobion, Ynough the purposes of the magentie (coil) probes
are different, it offerd ghisldlag probloms similer to the

efe 021k probe Yockolouge

Yngnetis mn‘ma hnve been tregted by Lovbeng
(1959) who poinisd out thelr widesprend uee in mepping
surpont Sistzibntions in plasms afsﬁﬁlem‘mm and Ploohes.
R ,}wm}m wenally consiste of a few %mmg of wirs arrenged
in loaps which may bs = willimeter in dismeter or larger, o
roquired Tor the megsurement. Thest magentle probes opevate
on ths priveiple that o Sime vesying meguetic {ield Lndueen
g volbove in the loopmy the sognetic {4eld oan be ae‘i:ﬂmmﬁﬂ
fyon & stoturement of iuduced voliege {Hletsbsresand
Lovobarg, 19603 JGolgate 9% 9119! 1958)« Fleld sengibive
eloments, ouch ss Hall cusrent probes, mey he made as smn.
ag 1 ms, in diameter and grouped ik E-¥-7 avreys o mespure |
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theee ﬁiﬁ(ﬁfﬁmiﬁm tiel& sontigurations (Polleck ob ak 1960).
Current ﬁesnssi%y aontoues mﬁtﬁ the prousurs of kymﬁmiu
insbabilition in denge placves afe ronmured by .a dinsur
arzay soress curceny cbannele. The date ven %aa éii Pl é@ by

" rapid :samg;lmgﬁ &ne é&f:izm:! ty in conugetion %a the use of
magm@&g: probes is that Uhey gensrale a voltzge proportisnnl
to 4B/at vather than De rmm ?fé?ﬁbl@ﬁﬁ iz uﬁ;gmziy sulyed by
integroting the peobe s*f};j;.;»‘& with & passive oirouil '
s.m:@mwx {EEell end Triveld "3&933; “3%?75} » The oul put aigml -
a£ oneh. & g:zmb@ Bigoal 1z

Y. & L
V= % -« Bx 10 volts.

- vhen oo m..mwsm csf mm m 'wixé? 1@@9

A = aros o the 1oop, sm ]

B = megnetlc fleld strength, Gatoss

R = pesistance (o ) 6f the seriep R = ¢ combination
R .@gmﬁi%ma {r) oﬁm pories R - ¢ combination. -

m::-a st e feken o shield magnetic probes tleoinae
statically so that lsotric flelde assooleted with the
dinthaxge could by avoeldsd. Sueh phleiding 3indte the

pesiman feéquensy of mgnebie ficld Livetnetions thet cun bo
deteoted by the probo osserblye __ | _'

Angthee kind of coll pysiem that 'mgé’.sa%m%ﬁ: the rates of
ehangss OF ouel mels 46 the Regowasky Toop oF
eircic (wlwin eb gls 1 9553; Goopery 19633. e wosenbly |
-~ consists af twp m%a of ¢olls, one pround the eutive

P

Losed ﬁw“em; G
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oxparimental region and sther around only the current channel
or o part of 1%. The diffepconce in mﬁueeﬂ yoltage representa-
the ewemmm not euclosedy such as wall eurmn‘aa. Ihe coils
muy be sepmeanted, with leads bmugh% out separately, o
indicate sorrent profiles. It 1o shown by Sergland et al (1963)
that in the desicn of magnetic probes fer plasme field
moaguremanis, ettention musi be givan te ths apace resolving
power of the cvils, 5 technigue is deseribed by them, which
by mechanicol meons gives sn exact aligoment of tho _J.nﬁivm:xal
20ils in o multiple probe without any need for further manual
adjustment. Intepration of the signalp by momns of transistoe
Pised Hiller intagm*tofs placed at the probe snd of the -
transmitsing cabla&, gives o good blegnnlw-townoise mﬁie. Thie
.&aﬁ@r&hea pysten hno an overall sensitivity of 1 mv G - at an
A¢ time of 8 mSy ound the bond-width extends to over 2 IHa.
Various magnetic probe meaturaments have been carried
out by Cilliers et al (1963) to inveéstigate the behaviour of
the plasms in a theta type discharge. ¥ith f‘'balenced’'! probes
the amount of trapped field at the second i.mpi!.as.mn could be
estimated, Thioc technique has baon used to estimate |
electraon Semperature,

the knowledge 0f electricel conductivity of o plasma
sonotines gorves to enlighten the siate of the plaema and

hence to eémla‘m other placis pavamdters. In ceriain
applications ¢f plasma Hwéics {eegzes EHD gonerator) the
ndwledze of electricnl conductivity is of direct imporiancs
in its own rizht,. ‘
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The elsetrien) conductivity of highly ionised gapes plays an
importent role in high towmpavature gne dynamics (opecially
for large dicmension os in ¢elestini gas dynamics) throungh
the interagtion of mognetic fields with the gas motion
{megnetohydrodynamies). Neapuremont of electrical conduetivity
of & gglaamaf can be made veing variety of mothods depending
on the nature of the plamma (e.8.,ddechovge plasmg, shock
- induced ploems, plasme jete and other flow facility
plasmas ote,. ). The vlooms conduebivity s neatly determinegd
by conveniional probes (olecirodes)s The inadequacy of the
ugual probe wethod begomes @hﬂéne in peversl eircumstences.
It wes obse¥ved by Lin ot 21 (1955) that in hot ionized gem
the prove methed is secompanied by difficuliies arising from
the existance of a cold boundsxy fayer around ihe probe, In
© the gans of oold plosws, the prebe cuprent gives litile
information on the conductivity. In that cese an attempt
for iodirect messuvonent of conduobivity mey be made by
meapuring the electron density; but ovelustion of conductivity
beoomos sH3ll 4ifficult due %Yo the fact that mo exact method
of mensuvement of collision freguéncy bas yot been found,

he probe mothed is not applieable to o field-fres
pladma suoh oo aftmg‘;evz plosnn, diffusion plasma snd 00 o,
Puzther, in the onse of flowing plagma, the probe method am;i&
not be umed bacause the imsorted probe moy 8pprecisbly dieturb
the dynsmies of the flow. In some csses the plasma Jet mey
ths dingaostic @ﬁw‘c‘;hm Henee ¢oill probe technigque

oyan dggtra
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hao become very much popular o deal with conductivity problems
in variety of cﬁwmmm?; It ¥ *za%mm ubgorved that with ion
denpitiss in the vemge 10 = 40 ~ e’ 4%t in one of the
fow decknigues that cen be noed. The besic principle involved
in vopt of the coil probe dlagnostic technigques lics in the

faot that nagnetio fiold atsociated with a :&tzlimim
radio=-frequoncy slectric field inGuces seleacidal ourrent into
the plsoma under study, cud the offset is roflected back

inte the probe ¢oil wound eround (and some times fnsepted in)
the placumae Hence this method 4s often termed es iwduction
method or maguetie fium mothod by different suthors,

%31, In the ceil prode mothod devimed by Iim &t 2l (1955) for
the determination of elestrical conduetivity profiles of |
nighly lonized arpon produced by shock waves, howeves, uo
xaﬁi@ﬁmﬁaamy' geurse wop employed, In .“mai.‘r method the
tnfornation wes oblained from the seardh c¢oil (probe) pick up
of alectroragnetic distrubances produced by %ﬂwa péﬁmga of ghock
waves through it. Possibly, the @aszﬁzé é;&‘ Lin et a1 (1933)
ropresonts the £irst record of coil ';,;ambe experiment for the
deternination of electiical conductivity of a élaﬁm_g While
- grperimenting on the electrical conductivity of shockeproduced
argon plasta by convenbional probe method they wrew were
@m::zmﬁéwa with ¥he following difficultics.

It wep ohown by them dhet for smell dezrses of
Louilzation tus alecivical condugtivity of o placmd mey
b epproximately glven by
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,_ ‘21 / 2 | =24 [oxg
T = Conab, . ==, ¢ T
pre

wheye P is the density of the gas, © is the absolute
temperature, qq is the fiwet lonizotion potentiel of

the gae, and k is e é@lwm gonstant. According to

the results of thedr probe exporiments it wap found that
the relation betweonq and ges tompsrature showed somewnhat
exponentizl character; howover, the indiosted conductivity
v:éa 8o mach ze thousand imes sgmelier than the theovetical
value, They slso observed ﬁ&;sg;,%c:;m rangs ¢f gas prosture the
conductivity was found to be epprozinmately proporbional

to the gus density ingtend of beinzg Inversely @Q@@gﬁ&igm '
%o the gquare roos as progicted by the theory. The discrapancy
vas atteibuted to the non=gquilibriun effects. It wes |
ﬁﬁﬂéeemmc} | by them that the zas aszt %o the probe and the
shock tube walls vas cooler than %ﬁs gam awny from these
ﬁmf&ﬁ&ﬁg It was thought thet these ¢ool boundery layers might
gﬁreamy ix:iemazsa the apparent gas yesiotonoae Instead of -
trying o explore %asa eflaots Mtiﬁa%wm, they rather

._ @ngenﬁrmeﬁa on developing & new method. :

Te eliminate the inhergnt eurface effgcta asscclated
with probe measuremsnts an experiment ubtilising the intore
action betweon & maznetic field and the conduching gas
behind the shock vave was ﬁesigﬂem in thelr methed an
axizlly symastric magnotic ﬁalﬁ ] introduced into the
glass sectlon of the shock tubes A. dec, magnotic ﬂem was

jo n*‘«fﬁ‘

filv‘ ey
Tf/\ ’
4’ r'\ 'gﬂ. .
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proviﬂcé by o short solenocid, the axig of which web common

to that of the shock tube., The probe ¢oil { a small search coil) |
was placed slightly mhesd of the fleld coil to pick up the
electromagnetic disturbances profduced by the passage of the
shoek wave ‘&hmugh the pagnetic field. The direct coupubation
of electricol conductivity ealls for the knowledge of the
geometyy of the arrangoment and gas veloeity and involves
govere mathomaticnl gomplicaticne; howaver, it was much
eapler to experimentelly obtsin %he response of the apparatus
to moving metallic rod. This @alf;i_.bm%mn wan expected to merve
to svalunte o geometric funsiion wl‘;ic:h was dLfficult to
caleulate otherwige, The leck of exach simulation of the
motel ang the moving gos wao easily taken indo account in
their analysis. Accoprding to thom it was obgerved that
eanﬁa@ivmy distribution {¢ ) {Zhey ignored the effgct

of radisl non-uniformdty and the teorm. *'distribution'! meand
axisl distribution) could be obiained by solviug an integral
squasion of the firet kind with the metallic rod responge
xum‘éien'?e (S - t ) a® tho karnel, whexe $ is the position
of the zhook front with respest 46 the probe ab a given tims
%y and € ropresents the axial ce-ordinate of any peint with
respecth Lo the shock front. It 1o now worthwhile to desoribe
the constructional fecturecs of thelr probe coil which bas

got some ingoenulty in aveiding the eloctrostatic effect
essoeiated with the shoek phenomencn, wring the sarly stoge
of the ¢oil) prove exporimsal, where & pingle 50-tura coil was
used, electrostatic effects wers ‘noticed, Dyum Durinz the



17

exporiment it was obgerved that even when the steady magnetic
field wasg put qff, large eignals were found to pass through
the gesrch coil during euchﬂshock.'This wasy ag termed by
them, ﬁas due to electrogtatic effects,. Aetual;y thoge plck-ups
vere due to the formation of finite capaciténce between the
gearch coll snd the gas inside the shock tube, This is observed
by meny observers including the present author (Chosal et al,
1976) and this is tormed as stray capacitance effect. To get
rld of this effect Lin ot al devisged a eentre-tapﬁed goarch
coil arrengement. The gearch ceil was & 50 - turn & mm. long
single-layaxad coil sadé of gnamelled wire, the coll was
actually nade up of two 25- turn coils wound gide by side snd
conneéted in series (Fig.1.1). The junction point of the two
colls was grounded, and the two endg of the combined coil were
connected to the pushepull input of s Tektronix (512)
oscilloscope. The value of the shunt imput resistence
I (1000 ») was sc chesen to give epproximately critical damping
of the search coil circuit, It may emsily be vnderstood from
the figure that the cavacitive pick~ wp fronm the twe ands of
the coil cencelled éut by the pushepull arrangement, while
the maguetie pick-up was unaffected, The axparimental
determination of the electricsl conductivity was elainmed
to have agreed with the ‘limit of accuracy of the theory and
thé»discrepancy at lower temperatures was attributed to the
non=equilibriun effeets. Lafer, Lamb and Lin (1957 took
meagurements in shock weve sir pleems utilizing the sanme
methed and the results corroborated with the theoretical
predictions.
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1,52 & few years later K.B. Persson (Persson 1960,1861)
developed & new coil probe method for measuring the conductivity
in a high electron density plasma, The theoreticel aspect of
thelr technique was endowed with simplicity end elegance which
coupengates for the technical rigouf of theii memsurement
method. Hers the coil #roba was mede to send solencidal electrie
f£iseld inte thé plesrs in order to collect infermation from
ingide. This msy be termed es active probing in order to
distinguish it from the pasgive probing arrsngement of‘the
exﬁeriment'of Lin et al, where the probe was used és.q plck-up
de#&eé only; making the methbd unguitable for statlonary plasma,
Thig éctiva coil brobe method was baged on the interaction
between the solenecidsl eleatrié fleld and a qircuidr eylindrical
plasma column and this fqrmed & basis te design a pulse~cperated
bridge suitable for transient measurements of electrical
conductivity in high elsetron dengity gfter-glow plasmg, 4
eylindricel plasma‘with rotational gymmetxy, long in compaiiscn
with its radius r , was confined within a tube made of
non=conducting material. Another tube carried & solenoid which

. was long relative to its own rad iug but shoit in comﬁrison to
the length of the plaema column. The uniform pltchers of the
golenoid were such that the resonance frequency of the coill

wag much lsrger. in comparison to thé probing freguency. The
stray caracitance effect was.eliminated by epplying @ thin tine
oxide coating ingide the second tubing. The thicknes¢ of the
shield was 50 adjusted that the aitarnafing~field in one hend
eéu;ﬁ pgﬁetrate inte the plasma (thickness very small in
comparison te the siin~depth at the relevent frequency)
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and o e ~other buand the axial eloetric £i¢ld asscotsted

with the plaia molenoid could sutbmatisally be shortecireuibed,
The tin-oxide coating wes =pplisd in opder to ensure that oaly
the fime verying mageebic fisld goncrsted by the solencid

was allowed to penetyate into the plasma. The theory of their
measyvensnts was quite straighb-foreard ond ﬁmﬂm, fi*he magastie
fiux generated by the solenoidal plammn currents was easily
evalunted sinee the length of the interaction sone was large in .
‘comparison with %he dlometer of the plosma. The plosms magnetie
£ield induced o voliage AV in geléncid and conld be treated ap
8 perturbation guantitys. Ouite Justly the solenoid and the plesms
were considorsd as a transformer with the solencid as the primery
and the plasba ag o csesturn soetondery winding with the
repistances R, and R, and inducigaece Ty, and iiy respechively,

and with %hes mtml induotance %g » the perturbation voltage AV

sabisties the differentind equation,

QR 3 &"'%‘Q)tﬁﬁ s&zzgm)Afmmfagy .g;.é.

where ¥ was the voltage impressed on the primary windinz. The
eifect of Ly conm completely b negledted if skinedepih is ascumed
%0 Bo :iexg@k in somperissn to ﬁm Glemater of e plopma colunn and
in thet case the differential @qm%iéa which invoives the
neasurabis quantity AV pon be writion as

2
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. E

whers 592. may be expressed in terms of the geometry ef the
k)

. oo

arrengement and soms plagma paremotersy Viz.y (gslasma

freguency ) and vV, (elegtron-aton collision m@x@ney} ass

S_ﬂg}?, R@Lﬂ_mrﬁ <w}?_>/amﬁe w

where the average «?‘:wg > wos defined ao

In his paper the last diffarentisl equation was solved both
for pinusoidal and Gousplavs=like pulse voliages, The steudy
stete solubion obbained for %e first case with epplied
frequency O was
2 4 2
'%?aq"'*é e o {w:ii‘m’ ﬁgr??% <aq >
ae? o v.ﬂ{aw j ~ gl 3w+£§-

where <> defined the sultable overage conduetivity. 4
monsprement of tho mabie AVA yielded information about the

- average conduobivity. The propertionality constant could not
ensily be eveluated exactly due to ithe prosence of cend effects

&
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(%houg& eould be done in principle). It was however a;zaily
detormined exporimentally by roplacing the plazme with sonme
elegirolyie with known conductivity. It 1g to bo noted at this
point that this calibration tecimique ubilisting olectrolytic
solutions was used by various authobs afierwards.

It 18 sbserved that for transient or deccying plasms
the sonbinunous sinmugoidal proking wos accompanied %%@wﬁmulﬁesq
'i‘]rais denmanded for low § of the meacursement circuit or highoer probe
frequency. Heither of the two alternatives could be used without
sacrificing 4ho aveilable range for mapasurenents. The difficuliy
wae overcome by replacing the simscidal signnl V in the leat
ditferentiol equation with a sulisble pulse funciion, Zhis wae
conveniently done by expanding V in terms of Guuesion function
of the form Vyexp[ = (¥/ T)g ﬁz 1+ 1% was shown thet the
unbplanced signal could be writien es

2 °3 : k7 ¥
et '5{%»5 }‘ra ’ﬁ"%’[ TN N

waers H;( ¥/ ) is the Hermite polynomisl of the i th degroe,
It wasg ﬁmther: ghown thuat the daximum of the mmlzmcm pulse
{when (t/»c ) = 3 ). was most gonvenient for the messurements
on the plasme and hence,

(4L 52
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It is now worthwhile to describe in Lrisf the operation
of the pulsceoperated bridge dosigned by the author for
messurenents in transient placmas (Figsl.2). w0 single«
layered solenoids were made as identiccl as posaible. They
werc located gymmetrieally in soparate comparimento of a
shielding box 0f brass. One of these solencids was wound
arcund the tubs coataining plasma. The solencids were
coupled togpther forming the bridge whioch wop synmetric
with respect to ground or the ghielding box. The pulsec
applied to the bridge was -swg-plma through ’Wmiﬁal territe
cora tmmzfémj;ar which was dosigned to deliver very symmetric
pulse with respeot to the shield, The current pulse throush
the primary of the tiansformax ¥das ;giéneraw& by high current
thyratron swecp arrangsuent. The pulsge &elimraa by the
gecondary, however, resembled (aussian pulse {rfulse Uidth~ 1t /ﬁma. s

The discharge tube was inserted in one of the solenocids.
The bridze wnﬁﬁmﬁmg fhhﬁk gyrmetric transformer and sed the
two solenoids and other yesistive and reactive olements wae
balanced by seversl trimming avvengementc, The basic prinelpls
on which the operation M/eim bridze wos baged was that o
provided the bridge de well balanced beforohand, 1t La driven
ofg~bulance if the placma is introduced in oné of the
solénolids. The resuliing resistively usbalanced signal, when
observed end racorded, could yield informations of plasma
conductivity. The automatie operation sud recording
arrangenents and time 'adaum:mema by variaus trigoering
mechauions were eéxplained in his paper., Ths vﬁaaammems were
nide for highly ionized after~glow plasma -and the author
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sb‘ﬁzainaa, the temporal condugaiivity distribution. It was siso
indteated that 'lixz@%arﬁ.ty of the inberaction (iogether with
the elscironic civenitry) was c¢hecked by tho wse of
electrolytos. It i 1o be noted here that the use of
sloctrolytic sclution for palibration of the coil probe
appavatus wae also reported by Plackemn (19%53), o yeor before
the work of Perooon, k

o33 Blackmen, in mta paper eatitled !‘*iagnetobydrodynaniec
Flow Bxperimente of a ésmmiy atate Hature'' descoribed a method
in which the induciance of o oil ma’rﬁéundiﬁg a plecps is
reduced by the shielding efiect in ihe electrienlly conducting
plosma, The reduced induclanee inoreased the frequensy of a
civeuit vosonant ot sbout 50 NG and the shift was detected

by o radie receiver. Savic ond Boult (1962) intelligently
wtilised tho above idea, thet tho inductance of & voll
suryounding a eaﬁﬁmmn&% finid changes, to deviss o frequency
medulation civeult fox ¢ he neasursmont of gas conductivity
and boundery layer thickneas in a shock bubs. They first
theoretically enloulnted the change of induelance of a shord
eé.il due te the praémee arcund its anis of a eylindrical,
moving electrically conducting fiuid and it was shown by

Yhem that the hydromssmetie influence could be kept pmail.

The calibration and desipgn of the froguency modulation circuit
was based on those caloulatisns. It was observed thot.
gonduotividies of gusce behind strong shocke in shoek tubes



24

could be measured yith faiy scouracy and sdeguate time

| wés@lu'biﬁn for the deteciion of locnl veriations in £low
’ﬁmatum, A different techmique wae adopted by Rosa (1961)

- in his weli known, MHD experinente in determining the
conducbivity of a flowing plesms, In his method the coil was
embedded in the insulator well of the MHD generator. The coil
wim rosohunted withia condenser at about 300 Kiz and the domping
of tho eireuit due to the exhauet of the gas bhrouzn the
insulating fube wee measured to determine the ges conductivity. |
In this experiment aleo calibrabion was effected by placing
voerlous galt solutions in the chaunel,

1234 Olson and Iory (3.'%161,1952,1963) suspested o differant
appropch vhare the coll probe was imwersed within the plsems
iastend of beoing wound around it. The firet two frpers {Claon
and Iary, 196%1; favy snd Clson, 1962) of their series discussed
the theorstical aspesis of the techniques Thelr third paper
-{Otson ond Iary, 1962) was concerned malniy with the
inptromentnl methods employed in tho moasurement of conducbivity
of the positive column of o hydrogen glow discharge and 4500°F
rocket nozsle flow. Duter on, immersive coil probe technique
was roporied by some awthors (lioulin snd Nnsse, 1964;5tubbe,
1968 end very recently Joyekumar et sl, 1977). Ia spite of the
gbvious disndvenitages of inmmereive probe methods Olson and lary
pleaded Por some of ite adventages. According to them the
non~imrersive method sppeared to be rather insensltive %o
yariations in plosme oonductivily and were affected by The
properties of the wall surrounding ithe plesma and by otrafy
cepacitive effects, The methed deseribsd by them woo 1itile
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infivenced by electroptatic clffects and ¢laimed o have
regorded vapiations of plesma conduetivity of ms small as

1 who/m or less. The basic principle involved for this
technique was however the some ap other methods iee,,this
method depended upon the interstion of the conducting £luid
with imposed r.f. maguetic field. In particular, v.f, impedance
of o solenoid was affeoted by the presence of s conduebing
weddum in the neighbourhood of the solencid. In the ¢ase of
a coil wound arround & conductor, the r.f.magnetic field of
the coil induces an asimuthal eleatric field which causes
azimathnel current to fliow through the condudtor. This coupes
an incresse in the eppareat registence oL the soils Similgy
repulis are expected to bs obipined if tﬁg condugtor
gurrounds the finite coil rather than being snrréunﬂaﬁ by 1%,
 ap may be verified by applying the same argument Lo the
oxtergal xed te Bhe technique invelved the use of small
movable prbbe conteining the induotor (eoil). Since the
magnabic field divinishes repidly with the distance from the

urn L

eoll, the sonductivity in the ismcdiate vicindiy of the
probe wap esmpleds The probe could Le moved about in the
plusmn in order tp vresolve apstial variation of plashka
confuebivity.

Toe experimental apparatus designed to rocord the
change in coil repisvnoce ao a function of conductlvity and
inpressed frequency had gome novelty of ite owns.The cofl
prove foxmed a part of the teuk clrcult of 2 eoigitta\f$§;f':
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escillator, 5 vaouunm ﬁz.baf supplied the power to suntain the
opciiiation of the Yonk clroult. At the on-pet of the placma,
power dissipation duc t¢ the azimuthel currenis indused by

the ¢oil in the confuobing medium, regulied in a resistive
loading of Vho tuned cirouli which changad the grid curvend

of the omeilintor tubs,s $ho méamma@n% of which was achieoved
through the use of a grid~dilpmler, The grid curveny varied
alnopt linearly with the power dissipated in the coil

condiuctor cirvecuit., Az indicated esarlier eleatrolyiic soluilons,
whose condustivities were in the same yanzo as plasmae were
used o \eali.%m% the conductivity probe, The calibration

wos farther verified by the use of seiniconductors for double
check. Flrat the meacurerents were made in the positive golumn
of & pglew discharge iz hydrogon. Ao 8 zm. (ovier dicn). probe
wag lmmersed in s 25 um. dls. plasms column. Specisl precaution
was taken 40 eliminaste the heating effect of the coll involving
change of coil dimension and resisionve, which would athorvise
lead %o ervonecus resulis. To ensure this the coil tamperture
wes held constant by a‘emlmgl fiow of dry nitrogen. 4 thermo-
couple was used o monitor the probe temperature. The periormancge
of the coil probe {(after suitable modifications) was alng |
investizated for a MHD Liow eavivronment, A gool boron nitrite
probe wag inperied inde & subsonic KHD £low with temperatures

in the neighbouthood of 4500°F. The seme calibration method

was uged in this exporinent also.
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t¢345+ Donskol, Dusev nnd Prokof'sv (1263) of U.S.5.R. used

the some inﬁuctiua ‘eohnigue of mu—-memi”w t¥ype 40 neasure

electrical caﬂﬁuatiﬁ%y pf heated gas streams. The stroains

were obtained ep a result of burning of ethyl alcohel in

ozycen containing 0,01 /7 potasmium, The preopsurs in the

eambumim chamber was majatained ot 4 ata. The gas was supplied

for 6-12 Sec., thus necesslating semi-translent measurements,

The method was based on massursments of the parameters of

tenic cireult whose ¢oil emrrounded the stream of the heated

pase According to thew when thy respestive poeitions of the

coil and the plpsma stream sye kept constant, the parvameters

of the cireuit {(effeciive induotance, circuit wesisbtance,

Q foctor etc.) dopend upon the magnitude and distribution of

electrical conduetivity over tho érosaw-section of %shgrjae?a:! also

oa the iapressed Froguency. Thevofore,by messuring the paremeters

of the civoulty for ziven Qimenvions uf the eosl and the stream

at different fresusncien , one can determine the magudiude and

the distpibution of electrical conductividsy over the crosaw-pection

gither by ealculation or by celibration curves. In prachlce

they have chopen the gecond method L.c., the noneabsolute metkd
as vas donw by proviovs subhors, It was alep aspuwed by them

that distribobien of gos sbrecme wos wiiform « Accordingly

thoy sugse guted that tha a‘bmrw%mn gf +he chonge of ong’
eirceit pavaseber @is. | Q of the oircuit) wondd only suffice
o datormine the conduttivity provided the apparptus was

well calibrated beforchand. In astusl enpariment the %onk
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eirendt vac fed By & rediofrveguency oscillator and the oubput
taken from the ooil vay mgliifm and fed to the oacillopcope
foeiliating semi-transient monourements, Thoy thought that

the change of eutput woo due €0 the change of J-Tagtor only,
but in praciice the change of industanes end servess sewere
capecitive effects might havs played sn important ;réle'._ However,
pinge tho nethold wog based oz provious salibration wiith
sloctzolytes Uhe results obinined mey e expected to be not

fey from the true valuese It 4o 4o be noted here $hot 42 the
camg:;%im effeots wevs provdnent ond the siream had & radial
distpibution, the results wouwld kove been f3r from the true
cudmatbal value of the elastricsl conduebivity.

1.3.6, Another techaique was described by HKorits and Keck(1964) .
for megsuring the elecirieal amn&uc‘ﬁivifcy of byprersonle wakes
and any other conducting medium by ueasurement of Joule losses
produced by the opcililatory megnevlc £icld of a circular coil
purrounding ite Yhe bechnique was ‘am:z,iar in principle to that
develioped by Lin, Resler apd Kanbrowiiz (1059) %0 meseure the
sonductivity behind chock waves in sygon nt the dravback of
the pageive probiug &?&ﬁg@ﬁfxﬁ;ﬁ} wapg romoved by substituiing

it by potive proving methed (i.e. by lupressing redic frequency
£1614 to the coil). ﬁm&saq&mﬂy‘ vhe m&aﬁh@d hnd tha a&wm%aga
that it may be employed in cases wnere tho medium iz ststlonary.
Originglly the spparatus was designed apscifically to iavestigate
the conductivity in dhe wake of hygmssfonic pallete; but later
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it was also uged to measure the conductivity eof electroly'éie
selutiong, eleetricel discharges, flames, snd plasmas produced
in shock tubes. The results of their megsurements for sheck
wave air plasia was corroborated by that of Lamb snd Lin (1957),

4‘Ehe actual circuit consigted of a symmetrical v,f. bridge
(The bridge developed by Persson (1961) may be recalled) ’ two
arms of which contained identical eoils. When a cénductiﬁg med ium
vay ingerted Into one of the coils, the effective impedance of the
coll cémg@d and the bridge became unbalsnced, They chose the
‘probe fréqueﬁey in suveh 8 way so tmt associated digplacenment
current was negligible and the change of impedance of the coil
was entirely resistive. Further for the complete penetration of
‘the field the skin-depth was required t6 be much greater than
‘the radfus v,of the plegma colum, Msthematically the following

two relations were satisfied
.

| o7 | ¢ (for neglegible displacement current)

and q << e(/“wr% =1 (f@zﬁ corplete penetration of the flelc

where ¢ and /Pare the dielectric congtant and magnetic
permeability of the medium and v is the impresced frequency. Under

the akove conditiong the chunge of the impedance of the coil was
. AR = P/I'z}

whare 1 1is the rms eurvent in the coil snd P ig the power

d,;ifs,sipatéd"in the medium, They studied the coil-plasms {conductor)
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interaction fivet in o somewbat generalived woy and later mode
Whey . ,

relevant epproxzimations. Since intended to measuve the conductivity
of wakees behind the hypersonlc pallets they considered both the
radial (r) snd axial {z) non-uniformity of the conductivity. Thus
assuninz eylindricel symmetry P was glven by

e

2= :,’;_#j@c E(p (ryz)e 2 nr dr ds
whore E¢ {ryz) is the inducad Solencidal electvic field at any
point (rez) within the coll. This wae caleulated 4n a standard
way to yield

L AREm :

hi?{rﬂz) = o ( ™ ) k2 ¢ (k 2 ot
i, being the mumber of turns of the coil, (k%) is the complete
elliptic integrnl (Juhnke nnd Emde, 1945) which for small valucs
of k& may be approximoted as

Gikz) = %gﬁ ( 1 + %kg * esnsasores )

whero k% = 4o 1’;‘3/ I(;:Q +2)% & 2® ], ¥, being the radius of the coil.
.eanﬁéf;uenﬁly, R may be written ag

L3 TaRoNT2 4 5 .
Rwaﬁ:[%} I () 23 gr



whers T(r) is some suiteble axisl average velue of -
‘cmductiviéy. To interpret the ébove equation In terms of
thelr measurements thay introfuced a coneept of effective
radius v, of the conducting column, in terms of which the

sbhove eguation wasg written as

) - 2. -~ 4
i
o~ 4 qa /o
rwhere [ o f Ti:('z)' dr]_

Tha eguation for AR is eguivalont to a model where

g < T, = const, and G>.‘¥w =0
It is Interesting to note here that in contrast to others the
formulae 'i’csr .Aﬁ given bty them could bs used for abgolute
~ determination (without calibration) of d(o) provided T, could
be obtained by some other means. Unfortunately they desired

the sguvation gnl g that

AR £ T(0)
and obtained the conductivity results using golibpation with
electrolytes, 'me hazexrd of which w@s indicated previously
(and later 3t will be discussed in some detail). The
ﬁeasurameﬂt of conﬁuctivi’ty of gtationary plasma wag straighte
forward and simple but the wake measuremzents were difficult

dve to the unknown factor v,  bub previously extensive



32
!

studies on wake redii &;easuremen‘cs vere made by Taylor et al
{1968) using cptical technique, so it was pogsitle to estimate
the conductivity from the experimental results, calibration
curves and the data of Taylor et sl (18€3). It was,however,

agsuned that the wake radius wag egqual to the plasma radiug.

1.3,7. Tanga nd Hagi (1964, 1964) in a cotple of papers
(appeared in the same issue of Japanese Journal of Applied
Physics) m-exammed' the tentatively adopted conductor
approximaﬁion for plasme by various authors {viz,, Tanagka and
Usaml, 1962; Gourdin, 19633 Khvaghchtevski, 1962, and others
mentioned gbove). Conductor spproximation for plasma mesns
that when an electrical s.c. is irpressed upon it, the plasma
iz assumed to offer no reactance and a.c, conduciivity
epgentlally becomes deco conductivity. In their fivst paper,
they critically snalysed the intersction of alternsting
currentg with plasms in general and showsd thet if the change
of magnetle flux throvgh a ¢oll due to a presence of plasma
ingide it could be nmeasured, the de.c. canducuvityl is poésible
to be obtained even in presence of displacement current, for
e vide range of frequencieg, Thelr analysis started from the
well known exprassion for a.ce conductivity ( 0, o ) for

~ partially lonized non=squilibrium cold plasms, (Sengupta, 1961:;
Heald and Wharton, 1965),



8.0 BY 4 D 4 e

where m is the alec?ron mass, ¢ the electronic charge, n the
electron number density,y the electron=atom ccllision freguency-
and W ig the angular freguency of the gpplied radio frequency
and— 1is the-sngular-frequency—of the-applied radio—Lrequency
field. In the above eguation the imsginary part sppears due

to inherent plesma res¢tence, Actually the phase lsg which is
apparent from the egvation ig due to the mags inertia. It may
thus be seen that the conductor approximation is valid if

W << § in that casze,

l

- whereas for the another extreme caga (©@» Y ) the plasma
irpedance 15 purely reactive. They also studied the a.c.
eonductivity for intermediate’ frequencles where both resistive
 and reactive parts were dominating. Finally they sclved the
Mazwell eguations in cylindricsl form for uniform plasma, It
was found that magnetic field™ H(r) at any radial postion r
could be given by the segustion

H(x) n -% Jolpo) -

. ' P
where ' - . ~ :
/33=- . nﬁ, 472, (1"3'&%’
e mA 2 2

» ﬁccorﬁinég to the éuthors E(r) is the magnetic f£iald in the
radial direction but actually field direetion should be
Iongitudinal, ‘
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and & is the plasma radlus. freduction of magnetic fluz ¢
due to the prescace of plasma Ls ovident fvom the above
equation for H(r), 1z §, denotes ihe magmetic flus $a the
absence of the plagma, the reduction ratio ¢ could be
writien as _ '
| J (¢ B)

The ralstion between g, and reduction ratic ‘*P/¢°
wag obtained numerically and plotted taking + = Y/, as a
parcmetors Thiz vevenled an '! interesting aspsch ' of the
problen, It could be seen from the graphs that the dece
conduetivity obtained from the maguetie Llux change is
insensibive to the valus of the paremeter ) = V/, , Tuus
it vap argued that @mﬁ&a& the euecessful eveluation of tho
guantity (p/% is kmown 4 (,could be determined relisbly since
no detailed knowledge of 7 18 roguived. In the eccond naper
of Tennke and Hagh, (1964), an example of magnstic Llux moasie
repent in the plasmn and evaluation thez'ﬁbﬁiﬁmm of the pleoma
conductivity was given, Bagically the method was vary
similar o thet of Sleckmon (19%2). She plasma tube wase
ingerted in a single turn ¢oil of & LU vegillator. From the
gbgerved shift A £ of the resonance fraguency at the onset
~.:::v'.:s‘i’ the ﬁiama, mignetie fiux pensirating the coil was
evalunted and ﬁm&ly plasme coductivity vas determined..
It ppy be apparent now that all the acitive coil probe
experiments mentioned in thie secticen utilizes the changoe
in either inducinnge or resistance of coil probe due to
ingerdtion of plasms, in one way or other. But theorstically

3

e
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ecch of them viewed the probdiem from different angles leading
{0 some uniquoness of every experiment, Tanaka ond Hagl viewed
the inductanco qhange effect in o different manner. ﬁm@mzng
6 them 49 pleama 48 »@ﬁﬁ&ueﬁﬁfe, tha applied solenoidal x,.f,
© . Field will induce eddy currents which will flow aroung ithe
plazma dispipating enorgy in the resion vherce they flow, by
which magnetde flux is excluded from that region. The arzumend
ie similer %o that given for the m«mm significance of skin
efiggt, Thus the effective inductance of the network is roduced,
ropultine ﬁx o chonge in resonance £requency.

iensurements were carvied out for two hoi ‘cmﬁ@é@ {;ﬁge
discharge tubes, ong f£illed with 1 tory of ervgon and the other
with 8 topr of necn. An ordingry Hartley type IS ompillator
(£requency rangs 100 - 150 Miz), with & single turn ooil, wao
gmployed. The vadiuve of the ooil (2.2% en) was Xept much
larger then the rading of the discharge %ube in order to
minimize the stray, capacity betweon the colld and the tube.
he coil output and the ouiput from a stonderd signal
generator was fed 10 & mixer gircuit (Fige1.%)s The pesonance
froguency shift Af£ due %o the insertion of'the plasms tubde
in E'Q»sma thon determined by observotion of the best between
the osoillator signal ond the stanierd signel. fhe cbserved. |
.i‘r_m;usmoy hifts A% for difierent dischargs currents were '
@ggﬁ.‘é‘m in Flgoy 1.4 () and 1.4 (b) from which 1% could be
observed that in eccordonee with tholr theoreciicol prediciion

A £ was found to be positive and ineressing wivh the dlecharge
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current I. ¢ BB &az&g ag it woo in the Anpere iange. Bubt it
was aleso ﬁ%&@fv@é {not chown in the figures) that Zox

sxizremely Bmall) velues g:a;f I A £ wap found to be negative,

3
Previously the sope awhﬁz: ?imim and. Uoaisd, 1962) observed
‘Bix@- fegative chongs in IV mpore markedly in tha ezse of o
ﬁmms"amﬁ lanps Aocording to them the obgerved negative
change in £V 18 o
aythort's comment on this obsexvation will appear in the
junbroduction of tho next cheplor. As moy be aeén below this

open gquestion, However the present

effeot was ia&aé diseussed by Akimov and Konenke (1966) ana
maueler (1957) quibte ot lengths

To dotorning confuctivity from the knowledge of AT they
obtained on the basis of & eimple model of uniform plasma ,
the relotion betwoen the flux rofuchion Pubtor and AL as

u-—L 2

Po

whero (5, + 8, ) represente the evossesectional avea of the

goil, By bolng the central avea oeccupied by piasm and 8 o the
revainder 5 and §, end §; ropresent the magmotlc flux
penstrating 8y before and after inseriion of the plasma
yospectively exd %' 18 a constant characteristic tor the
apparatus weed, They did not at this stage ubilize the usual
calibrating technlque using ealaa%m&ytw s semiconduetors
4o sveid the unkown Lactor i& y insbsad determined 1% using o
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tricky methode In order o Jetermine k', alunintun foils in the
shape of oylinder of various dlometerd were inserded in the ¢olls
Singe the skin depth vas 0f the opder $07° <tm. for - alusinium
at the relévant freguency, the magnetic field was compleiely
sxcluded out of the aren 54 ¢

uﬂi‘l u-ém’gmk

t
Thas ¥ was fouhd 0 be G«2v

ing to the present aulhor, however, this nebhod,

wag aleo g enlibration method in snolber forms snd eince no
Zuard was taken @,gg;im% the Lorvation of eapagiisnce heweeu
the 0oLl and the sluminium %A;%., in &il probabilitipes A X
values were Obtaiaed wiih severc uncertainiiess Furthery the
eriticiom mpde by the atthors agednst the calibrabion methods
adoptsd ‘soriier may he mm o be &9@&1&3&1@ %o thelr own

method also. The mago:f .diserepancy obmerved between the
eonﬂuat.wmy mmﬁm obinioed by sa‘t;az&ﬁsmu pe oba method and the
codll gmha saethod may be dus to thiss There should Jhogaver,
ropain intrinsic discrepsncios beiweon the results obiained

by two different techniques. This may be undersitood (Uhephter IV)
if the effect of pradial disteibution of cenﬁu@mﬁw is tpken
into accounts
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1s0e8s it 33 now velevant to mentiocn o very imporbent wopk
of Akimov and Eonexlo (1965) whe iovesbigoted the validity

af the Two &ﬁ&iﬁfi}: well-=snown poil probe methods fop masuz*iz&g

lities. Shough fﬁhag gxarﬁigu&amy &é.mmszmd the work of
Blagionn (1959) end Donsliel ¢t al (31962), their comments are
also anplxmbla 0 those who studied clestricsl condnobivis Ly
by @bsewmg either change in resonance freguens ‘; Y oy
change fn guality factor Q of the oseillator eoil j&’_ﬁ;id» She
plocma was inserted @f. Io elmost all thege experimetns in
order to ealibrale the popavatun, i };»};aﬂm wes replaced by |
elee‘.lsmlyta@ with kunown condustivity and zzmi@ wse of the
ealibration curves { AL e Af{ T Jor AQ = AQ(T } } thus
obtained. Auimov ond Eorenke, following thely owi chpervativs
guoptionsd the reliability of thic colibrabion pethod. The
experimontol apparatus, Similay 1o et of Yanake and Hagl
{1964), conslsiaq nf & fololbts egsiilator uned m exoite the
tonk eiroult, standsyd freguency {(f.f) Jencrator and & mixer.
The freguency shifty wes meassured by the gbeorvation of heats.
Tho meneUDCmOnts Were made 1o elestuelyteos and in the poaitive |
colunn of an arg ammmmmry gos ave lamp. They obiained the
guontity A€ /1, {Eﬁ veing the freguency of the osulllaten
bafﬂm inmextion mi‘ the test object) for elactrolytes of
a4tfoveny condnctivitias and alos for plasma ab Aifferent
Asscharge currents emabling Them to plot conduetivity POTEUN
Ao graghe (Figsis5) both for electrolyves aad plasnas.



IR MR S S T S
' '¥ig. 1.5.The relative change in thé frequency of
-, the measuring cscillates and the corresponding
conductivity of the plasma (1) and the elecumolyte |
mnaﬁumydsomc. Thcapcimceof
hmﬂhﬂucmc@'wp‘

i

i’w@méu@é& from the paper of A.V.akimov and O.R. Konenko
(1966}; g@ﬁg _m&p- Tachs. ERYSes mp 8; Pe 1126
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The plasma confuctivity wos obtained by ordiuntyy probo measuraments.
E& moy be cbeerved from the figure thet in condtrsat to the
predicotion of Tonalkn oné Hogl (1964) (but in conformatisn

with experimentel observatious) the test object in the esil

oan decrasse %ﬁe ogeillator fraguency for sofe ranges of
conduetivities., Acc@é&iﬂg %o the aﬂ%@ar@ and also according to
Housler (1957) the roduobion of frogquency was due to the
eapacitive effsct of the test object on the work coil, The

presence of conducting bedy la the vieinity of a ceil lasreasss

ite stray aapacity=(§ea chapter III alse) and conscguently the
oscillator freguency decreases, Anothsr aspecot may be observed

from the grepbs that the plesma and its simulating élestrolytes

do not bhave the ssme sffect on the pencsurement clrvoult, Tha
-éiscrépan@y batween the plasm conduebtivity avernpged over the
crong=goctions and the eallibrating ourven was stizibuted by

theén o the radlal nobe-unifornity of the placha in the arc.
Aeéﬁﬁé&ﬂg 4o their, due 10 the skin offech, ths moihod gives
informations of the periphersl region of ths vlasms only wherg

the confuetivity is mach sualley thon dhe average valuey but
‘scoording to the presemt author even 4f the girin depth i much
lovgeyr than the plasmz redius the diserepency le enpecied to
remain, since probe wethod and evil methed giveg infopmation

.on woments of canﬂuaﬁiwiéy disbeibution of different crders

(see chapteér Iv). ’
14348« 211 the authors (mentioned above and also Othews viz,

Hollister (1964), Murino and Bomomo {1984), ots) using immsrsive

0
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or non-iumersive coil pr@ﬁea determined in gome way the mversgs
plaema conduetivity because test plesme ves radiaily inhomeg-.
enecusg, Zome of them, though aware of the fact that the test
plases waé‘radially'noﬁ£uniform, did not explore the
type of svorage they were getting. The importance of the work
of Clampi and Talini (1967, 1969) lies in the fact that they
gtudied the interaction of solenoidal slectric field with a-
rad ially noﬁ-hémagenécﬁs piésmé in a Ver'generaiisé& way ‘and
obtained the expressian for maaningful averages of conductivity
in relevance to the measurement ‘technigues adopted by
themselves or by earlier euthors, The aversge was defined
- to be the conductivities equal to that of a fictitious
homogeneous plasms imegined the insertion of which inte the
coll vould profvee the same change of csil»impedanea
parameters, that ls observed for the true plasma. gince
“normally in the experiments both the change of inductance end
:esisténcefcf tﬁe céil'are méasurea; they obtained the
exprqssions.for two relevant aversge conduvetivitles, For th&s
th@yféifaﬁ axpré;seﬁ the impedance of & solenoid ofhiength
in terms of the electric field E,, magnetle field H, and
coil parameters (length 1 snd redius R, number of turns N ete.)
and slso in terms of the applied freguency « , coil inductance
3t6. 83 | o

2= (8773:&2 Bfoy ) o (Bp /B, ) = 1028

where the parameter
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8=(2/ 1)K R) . (B /'ER ) K, being the wave number, is

generslly a complex number depending on the medium characterige
tice and the probing frequency. The physicel significanbe

of the te’rm- 8 = {5 - 34 ) i that it aiénifies the algebric |
reduction of the coil lmpedance due to the pregence of the
condueting fiuid, This quantity mey be experlmentally determined,
P represents the contribution of the medium to the coil inductance
and o tﬁe"resistivé contribution due to the energy loss in the
medium, To express the dependance of 'S' on the characteristica
of a radially inhomogeneous medium, the Maxwell's equations

wers solved using @y}indr:lcal covor&;nates t-o' obtain the equation

a8 +1gE (KB -1 YE=O
di’? rd.l‘ R’.z!’ A’I‘?'

where the dimensionless guantity
() =R/ F) (crard(n /10)

is same as the Quantity (,6!’)2 definedl by Tanaka and Haogi (1964).
It may easily be obgerved that for homogenecus plasma le.gey
for d(r) = constey (1 (2) being the r.f. conductivity) the

eguation for 'S' reduces to

which may now be corpared to the expresaion cbtalned by Tanaka
and Hagd (1964) (equation 4 of ths first pesper) and consequently

's' represents in that case of the 50 called flux reduction ratio.
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They solved the problem (i.e., the differontial equation given
atove) numerically by teking the conduetivity profile of the form

.G (33 = T [i"'—”m ( l%{:_f')nl

Tha.};l analysed the &ependanée of § with conductivity ¢, for different
values of m and n i}.e.; fof various eeﬁéuctiviiy profiies. in
uheir analy sis they howvever, made 8 leow frequency appmximatim '
1.@., Yy << 1y sc that the ei‘fect of displacenent current

could be nezlected and therefore the rofs conduetivity o (z/R)
vas replaced ty the d.c. conductivity C{x/R). It wag a_rgued that
if the cpndt;ctivity Prcgﬁilea:; is known beforehand, & measvremsnt of
oA or P at any fragueney givep the: value ol the on-aaéis'
conductivity G, « It was 8lso observed that for unknown profiles
the o 4f m@asuremahts could glve Informations about the plasmg
conduetivity through data which are proportionsl to G, . This
Qbseréaticn was found to he wvalid for some iange of &, It soenms
that the physical significance of this range of G in their |
d_eri#aticn was a bit obscured., Howevery to .the present suthor,
the range of( iz actvelly determined by the requirement of
complete skin penetration of the r.fs field at the msasui*ing
frequency. Hencé in the mentioned réné;e, the measurement of

o ( or 1 =P} fof the uvnknown plasma asnd for a homogeneous

med fum oﬁ'. conductivity § = hda, gives the same result at any
frequency. Therefore, accoriing to them, with reference o &
rogistive (or inductive) measurement the plasms’ 'simulates''

& homogenecous medium and G een be Interpreted as a spatial
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average conductivity, Thus twy averages VU, and J,, were obtained
aocording o the resistive and inductive measuremenbs reépeétiﬁel?:

g B35
T = %A Jo(e) 7 ar

gt o,
| 2‘ 3 R 3 . 2 3 6 sz ¥y L 3 '
Twe =7 [g—; éq {(z)x ﬂI] %4 . é’x ar[%? iq(r)x &r]

x .
.Experimenxfwaa performed for o flow £acility plasma

2

-

usilizsing Q-factor meaaﬁrememxs'ana ampldying~ealibzatiaﬁ,with
sicctrolytes (&2 80, solutionz) to obtein the first average
conductivity T« _ Inber they (Ciampi and Talini, 1969) extended
the theory and measurements taking the efiect of collzaiah freguency ¥
into account,. : |

w&@h,auavregawﬁ to the depth of the theoreticsl aspects of
the problem treated by Clampi and Taliniy 4t 1o folt by the
pregent authoxr that the expression of the iwo meaningful sverages
and the relevant freguency aﬁﬂ eonductivity ranges could be
obtained in a more simpler way, by considering the probe coil
and the eonducting mediun to form a txansfarmer-(ahosal;ﬁandi andl Sen,
1976,1878) the primary end ths siasgle-turn secondary being the
ceil and the medium iiself respectively. In this ﬁay the average
qﬁ'was obtained yielding the same result (using equation(2) of
reforence Ghosal 6% al,1978) given by Clompi end Telini. It is
also observed, though not reporded; that in the sgame way the
expression for 02** could be obtained. Further, withholding the
'asnsiaeramion'af the ssnsltivity, accurscy and &ifficﬁltg
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of the measuvement technique, the freguengy ana e9nduq£iviﬁy
range doublets could also e obinined Ly simple avguments by
requiving that © should be very amall compared to the
collision frequency #o thet the displacement current may be
neglgcﬁea { L.0e 2ole conduetlvity = d.cs conductivity) and o
should bve sufficiently mmsll s that the skin depth is very
large conpared to the plosma radivs.
13,10, It ig also felt in conjunciion with ths obaervatlous
of Stoken(1965,1369) that on the basis of sveroge conductivity -
- model no inforuniien soncerning the anture of the confuetivity
profiic could be obtedired frem thoe (efactor measuysnonts elonsy
and ia fact o completely falme pistura of tho chavasnter of ths
cca&aeting«xagian such ag peak conduntivivty and tha aifwobiiva
extens of the condutting regiun, can o obtnined 1f tho
pengurements ave Aintevprebed in terms of an aﬁaragm conguetivity
modod (see algo chapter V of the preseat thesis). s
Ao for oxample, for profiles of the types trested by
Glampd ond Falini, the differencs bﬂﬁwe@n‘%ha.a:iﬁuthal evyerage
and tho onenzis Gonductivity con be as much as @ factor of 5
and if the srofile a@n@tanﬁshmfﬁn&}nf&rﬁ allowed to be variod
indefinitely the afovapentiveed fachor mey Do extremsly hisgh.
Turther the cholias of the urofile demsndp that the plawma fille
the available volume; thio pay be a velld ascuspiion for an
ordinary 4lscherge plosma. tuk the as&ﬂﬁ?tianwwili be faotal for
othor gituntions such as solid metsl g cres, flow Fecllily

plagms, plasma jets, e%c. In thase cazges the arrovs can be
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very much g,i’eaﬁar- sinee the plasma conductivity may fall to
sore pomg distance awey from the condining wall. Teuporature
measurements on an argon plasma jet made by Hoskvin and
Chesnokova (1965) indicate a peak conductivity of roughly
5000 mho/m, falling approximately to Zero at o radius of
ahout 3.3 mm. Stokes (1962) theerstically ealculated the
asimuthal sverage thet should be obtained for the Moskvine
Chesnokova plasgin stream assumed %o be exbausting along é

2 ome diam. tube. Thiz is given '&*;w be approzinately 10D mho/m.
| Gbue it is seen thet the oneoxis conductivity is 30 times
1@@@;&3} than the spperent average. Given below also the
results obisined by the present suthor (Ghosel,Nandi and Sen,

1978) fop :'%:he ezinuthel) average "% » vVOolume avernge %'W}‘ and
the oneaxis conduetivity q, of @ mercury are plasma for direct
CORPRLIBOn.
Table 1.#:1

igonerge *%f’# it irﬁrg@sr >, ? éir)rdr | @ | S %
surrent | % gl o TR0 ] G | Tvo1
t (ampe )_ | (mhoe/om) | (ubos/cm) (mhos/om  °

241 0.8 1,90 6426 ' 7,03 5.29

3.4 1.26 370 48405  14.32 4,88

4,0 ' 1.78 . 5«333 26#55 14.91 4.98

5.0 1.94 601 31,00 15.72 5,07
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It may be observed from the sbove tedle that at 5 amps.
discharge curreat the onwoxis conductivity ean be about 16
times the asimuthal sverage valus.

Howaver, the use of induction probing fox measux&ng
plasma conduetivitios, is by mo meens an fruitless es would
appéar from the above comuents, instond the mothod can be
frufdtfully ubtilized te dotarmine mnjor charsoiceristics of
+he plasma 1L the aﬂarememﬁ&aﬂsﬁ'mamaﬁremaﬂt is supplemented
with additional informetion using dm-apgraaeh of the present
author (Chapter IV aunil Chapter V of the present thoois) oxr
that of Goldenburg et al {1940), )

1;3.31. In the preceding sections methods for determinstion
of averaze asimuthel electrical conductiviiy hove been
 discusged where the effect of placms medium on either the

coll yesistance or the probe coll induetance was utilized for
the purposs. Hikochiba and Smy (1969), oun the other hand
deperibed o newer approschr of measuring plasma conduotivity by
uiilizing the dependence of the putusl inductance of two

eoila upon the conduetivity of the medium iying batween thenm.
¢ut of the several sfvaninses of the mothod highlighted by the
authors. in their paper, it seems to the present author thab,
** thet 1t con be used over o continmous and wide range of
conduetivity oan be measured (upto 1@6 unes/m) 't is the most
significant ons. Thie improvement is the oubdome of the
inhorent pensitivity of their apparatus which was not endowed
with other slectyounic aceessories, In the former type of single

&
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coil measurcmenis the refleched impsdance of the gscillator coil
was small end sensitivity was ueunlly achdeved by uaing mizing
techniques or *' { spoiling methods'*, Vith the two coil method
deseribed by these authors, one eoil aéﬁa au a btransmitter, the
other as & vecelver. The signal induced by ths receiving coil
is much laess than thet applied to the transmitiing colil with
the resuld that the roelative reaction of the induced eurrente
upon the reesiver coll is much more pronvunced sud o very
éim@l@»maaauxamanﬂ of mignal attenustion is suffieient for
conduotivity measurenent.

The %wd‘eail technique wac developsd in order to
measure the conduetivity of o shock precurser plosms. The
negegsary theory wag developed by considering a shock tube
geomentry with two radial condnetivity distributions that
mizht be expedbed in o Hrecursvy plogma, Vide, unlfors and
amnuiay conduetivity profiless Deploted ia the diagrem (Fig.d.6)
the coil configsureations oo used by themn. The Lisld coil consisled
of one turn. Mulbidturn wos avoided due o the &@@erancé of
undesirable resonance axising from winding cepacitonces, Field
eoil loading due 1o the pregenee of plapus in the immediate
vicinity was pinimised by comnegting a sultably lavge resistor
in series with the coil, The cubput was tnken from a similar
single turn seerch coll and wes fod direotly o oscilloescope
probe (high input impedance). 5tr37¢fﬁapacié§ve eifects were
also obgerved by them, perticularly at high frequencien, Lo
solve thig problem, o second search eoil of pimilar construction
to the fivst asarch ¢oil was ploced on the other side pf the
Field coil with vespeot Yo the first one and both search goil
aigoale were fed inte a difference emplifievs Thfougn it
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auffers from the weakuess that the eaaﬁuﬁ%ivityfwaﬁulta'ax@ oMY
aort of cverages depending on tho choice ﬂg%he conductivity
dletribution nodel, tho work may be maid %o be a significant
edvencenent o other nethods {(discussed in coplier E@ﬁ%iﬁﬁﬁ),

in that it needs no calibration sad alse in dhat it provides

*

a vory wide ronge of meosurable conductlvity T, * é.<ri

)

143412 Boou gnd Baitd (1973) sleborately studied the none
immersive ¢oil probe method for o hob-onthode lowwproessure

de . discharge plasma whepe the sleclrom-aton eollision froquency
is comparable to the prohe frequency, The situstion corresponds
Yo the oasc where the aaﬂdﬁcﬁ@@ approzimetion is no langﬁr~vali&
and the plaam@ ig oharaeterised by o complex conduetivity.Zansed and
Bagl (1969)s agn &isausaé&.iﬁ articie 1.5.7 was the firgt vwho
fosupsed particular attention %o the problen of coil yﬁab@
conductivity measurements on plagme which shows impedance
charaoteriatice at working froguenciesy bub the problem of Tansea
and Hogl was h@w‘ta'ﬁﬁﬁaﬁﬂ,%hg‘**dg@,@&nﬁﬂﬁﬁiviﬁy % whon the
Ammaginzry gaﬁt of the conductivity is non-zers. However, the
intention of Basu and.Malby was gifferent. They-obtainod both

the veal and imaginary pare of the plasmn condustivity by
neasuring the two parameters (lanstsad of ons, as dome by Yenake
and Hagi) viz. resistive émﬁ indnotive purds of tho rellected
impedanecs of the prove aoll. » |

The éemgl@x'aanﬁueﬁivi%§ Loy %n.geﬁﬁzal. rolated o

plasmn parazeters by tﬁ@.fﬁllﬁﬁing expression {Hesld and Wharton
1965) s |
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a » 1T, = %eg wg ?M mvvd‘v

where v is the eleotron welocity, £,(¥) iz the eguilibrium =dess
aigtribution. functichs o ig, the engular freguency of the applisd |
© = £ field, Y (V) io the eleotron aton coliision fraguency of
.mmen%wu trangler ete. Rhe authors conmidered two situations
where 2 is independent of electron velocity oug wnerez ) i
depenaem; on v, In the firet ouse the ebove equation can resdily
be simplified %o yiolds '

oot 1Oy =Gl )

For the second situation alse { T, + 1q, ) satisfise the
last eguation if 1 is replaced by some puitable effective momentum
tranofer collision fzequency %, « It was ghown by them that both

ﬁ{# snd W {olectron dengity) san be empressed in terms of twoe
parameters & and § whlch nre propoviionsl to the real part and
doaghaney paxt of the eoil impedance in presance aund in zbacnee
of plasma respeotively. They obinined ths following relations:

/=W 4 - B )
D ors. /(4= ]
and Rﬁm st -p *‘%'},amingiths

e/ucs

yading of the plasma columb.
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Lxperimentally they neapured the yesistance and rencisncs of
the goil with o Q= meier uweed in conjunedion with o low power

r - £ osciliator. leasuring the § of %he ooll and noting the
capasitance required for tuning the oircuit bolth in presence
end in aboease of ploowa it was possible to obiain Ywo important

vlogma pevameters s)eﬁ B w .

Phough theoretionlly the two capos wieke » is independent
of electron mpeed v and whers 2 = v {¥) wao considered quite
a:t; length ‘fsh-:a present author notos that 1% was overstvessed
since the eﬁpérmeutal- obeszvations covnot distinguish the
above two aifuaﬁians and the observed ¢ollision frewguensieg
are alwagys the effective momontun frovsfor collision frequencios
in some way or other, Besldog, the exprossions oi 1) " and H were
derived on tho basis of uniform conduetivity model which is far
from being tue in most cames. They were of course self-conceited
by stating that these obislned parcmeters are the values aversged
over the orogoesectioa of tho plasmay bub proper understanding
19 only vossible provided the nraturc of these averages are kuowa
tmcratimny. ﬁ;:wavés:, i{ the conductivity profile is known
be‘ﬁm‘:emrid by some other means Yhe sbove apgmaeiz aiter 1little
mogification might yield more metmingful resulis,
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$00PE AND OBJECT OF

SHE PRESENT VORE.

Heosurement of yadio-frequency conductivity in
& plasma ueing an inductor having the éiimhargé tube as
o ¢cove material has besen proposed by vavious euthorz. Thae
uneasuremant of radio-frequency conductivity of a low
dersity plasma such az produced in & glow dimscharge has
been oarried out in this leboratopy with the plaome actiuvg
as a lossy dieleciric within the tuning coandenser in ths
pecondary circuit (Sen ond Ghosh 1966, Sen and ﬁﬁéﬁa 19693 ).
Ia the present investigation 1% bns boen phown that the |
non=immersive faéiewfreqaanéy coll probe methed which was
sngoasted sarliiepy by verious authoys but not used in the
case of an arc plasms can be utilised to find the averasze
asimathal conductivity of an are plasme by ssudying the
change in the tend-width of a coil wound around an arc
tube due to the presence of the plasme column within it.
I% has beoen showa that the capacitance effead whioch is
important in the case of gluw dimcharge, is not ﬁt all
important in the caéa of arc plamms and the presemt method
is suitable for asimuthsl conductivity measurement in an
are plasuma. @hs‘m@%haﬂ eould be advantageously used fopr
gone anipeitrople plosmoe as well,

It ls well known thet o plasma within a tube
cammot be regerded es uniform with régar& {0 radial
glectron density distributicn or conductivity and in the

angpe of glow discharge the radisl distribution of the



52

charge density 18 oylindricellly symmetric and can be
represented by the Desgel function which ip known ag
Sehottky models Zhe Schobiky model, as applied Yo glow
dischargs, can aleo be assumed to be valid in the case
of & low pressurs aré. The vailldity or otharwise of
thene assuned models hag bsen'gwb to some experimental
tosts in the cospe oF gicfe &ia@hmgé by the probe method
btut no elaborate investigation in this m;gar{i has been
garried out in the cupe of aye plasme. In the present
investigation 1% hes bega observed that in case of ave
plasma there is & dlstritution of clectron density or
eleatricel conluetivity which is mot governed by

Besgel function. The favestigtion was started by
assuming a generalised radial conductivity distribution
pnd peasuring ezporimentally o quantity which do &
function of this escused conductivity distribution, In
tho next step o radial ﬁ;i.mrmwtgm funietion haa been
ebtained which givee the closest appresch to the
experimontal results,

' Fhe problem of plosme conductivity xﬁeamrmm

. using mﬁi&i’maumey goil probes hos been Investigated
by %:aﬁiaua suthors. In all those experimente the probs,
& ‘ssinggl@@lay&m enil of puitable geometry was either
dnserted in air wound around the tost @1@3@. The basie
prineiple iavoelved in the coil probe diiaggnoztm
%@@bﬂiﬁ%a 1ies in the foct that magnotie field associated
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wiﬁ&.a solencidal redio-freguency current througn & coll
wound around oy inserted in the plasma genorstes an
inpedence roflected back into the probe colil in terms of
its chonges in impedanes pavrausters. In those expariments
- dnglrunents wore ealidroted by yeplacing the test plosms
with elecroliybos of kaown conductivities. Since the plasun
- is never wniform within the coufining walls, the obtained
conduetivitios were some sort of avwsaéﬁﬁ defined to be
the comductivities egual o that of a £ia%iau$ honogensous
plasme, $he insertlon of which into the coil wewrld produecs
the game changs of coil imgeéanea parametera. Since
norzally in the expsriments ai%hgx the ahang in induetance
or resisinnge of the ¢oll were mensured, the obtained
conductivities were averages of two Qistinct types. Mosb
of the authors experimentally obbained the average
conduotivitiers of plasms oY various tyg&é but did not
look into the structire of these averages. It is felt by
 the pregent author in conjuction with ithe observation of
Stokes (1965, 14969) %haé on the basls of aversge
wén&u@ﬁivity sodel no informetion concorniung the anture
of the conductivity profile could be obtained from the
resigtance measuvements sloneg anﬁ-in faot aarineéa@leta ‘
gictaxé~&f the character of the cosducting region, such
as poak conductiviiy and effeccbive extension of the
conducting region can be oblaingd if the messuvewents ave
inteppreted in terme of an average conductivity model.

It ¢an be said thet these cenduetivity measurements eon
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give yéaetiealxy no information ?&gaxéing,ﬁha'&mai@ styuctape
of the conducting medium. Cné eonnot even predict the
sonductivity at the axis or effe¢iive width of the
'@amaaaﬁing;z@gianswith:any.aaeux&ey on the basia of thems
nessurements. In & detailed analysis 1t has beon chown by
the present author that from the results of eimuliansous
nesgurements of asimathal electrical conduotivity (coil probe
method) and lﬁngitméiﬁailalaaariaal gonguetivity
{langumuir prove method) of 8 plasme 4% is possible 1o obtain
valuable informatlions on the major characteristics of the
conducting medium with a very good accursty such as, naxizum
gxtension of the plusms, lower end upper boundaries of %hé
peak conductivity and the obleinable informetions ave |
independont of the cholee of the profile form.

¥hen an are lo formed within a tube, the currend
density is not uaiform throughout the crossesection btubt i
marimun ot the axis and ninimun at the periphory. This
‘vheénomenon gives rise o selective self-heating at the azis
pf the are planma. Tho are continvously absorbs power Lrom
the sauxaé and gives it away to the surroundings. Onre might
therefore be tempted to consider thai the mechenism of
gselective selif-hesbting might be employed to determine the
thermal conducbtivity of the plesma. There ore justifications
in neglecting the effect of rvadiation and convection in the
oxgo of low temﬁaraﬁura wros but nevertheless it is worthwhile

to menticn thet in this caose the process of heat flow reguires
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cloge observetions. In e weakly ionized plasma both The
electronic sud moloculer coantributions to thermal conductivity
ara to 5& congidored. one might predominate substantially over
the other depending on the eleetron temporaiuye, temperature
aradients (eleciron temperature and ges tempersture), elte. Thare
might be prosent anothsr mochenism of hont Clow other than
thorme) conduction, radiebtion and convection which arises
owing to the foct that electron denelity distridutlion may oause
Giffucion ond oneygy might be carried awsy by the elegtrons.
15 contrast Lo the tase of bigh pressure ave this mecheniem of
heat flow might play o significant role in case of low pressure
820« The theory and tho experimental rosults }pwsent@a hers
have made it peseible %o cpleulate seperately the contribution
by the different procosses and 1t bne boon observed that the
major pari of the heat lose ie due Yo ambipolax difiuslon and
the loss due to conduction by elsctrons, ions and neutral
particles is comparatively small. Further from the sxperimentsl
results obtained it has beon possidble to caloulate the
" sollision crosgesection of electrons with the mervcury eloms
for elsctron engrgies less then 1 €V,

in the lont epperiment of the present sewies a
snall steady lengitudinel magnetie f£ield has been used in ¥
conjunotion with the zoil gmm and 1t is seon that the
conductivity is tenmdorisl in thie situation. By simultenous
measyrements of azimuthal and axial conductivities in presencs
aid in absonce of the magnebic field it has been pesaible to
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oblain exporinentially o very imporiant ploems porameter vig.,
. 1 &lea‘%mwatam sollision ﬁxraqmmy af—eiﬁﬂm of a
meyoury are plasme. The relevant 'Em;my has boen develagae@
taking the effect of radial distridution into scocunt. It
nos been shown that the ézperimental resulis a¥e in goes&
agreanent with the thsory. . '

Phe proposed line of investigation presented above
ant the sxpoeriments) resulte obtained therein sve expecied.
to yeveal the noture of the phyaicel processes oocuring in
an are plasya specially with repawd to the conduetion of
heat and elsetricity in & dense ionised region. It has besn
proposed to uiilize high current ard plasms as & sgurge in
the generation of high freguency sloctrommagnstic radiation
aﬂﬁ the aatuﬁy ol the physicnl processes will be useful in
t'.he ées&gn and fabricabion of auah sources. If ths logs
procosses are well understood ‘%ma means may be found to
reduce the lezz, 80 thet greaster P@mm%agé of input enorsy
ean be convertsd to visidle radiation and effiency of arces
a0 light sources can be eshanced. & detailed study of the
various processes will be useful lu developing a zenoralised

thaory of on alc DPlooma.
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