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RESPONSE OF A LANGMUIR PROBE IN A STRONG‘MAGNETIC FIELD*
Tan G. Browh,f Alan B. Compher,* and wulf B. Kunkel
| ) Lawrence Radlatlon Laboratory
University of California
Berkeley, Callfernia.94720
o ‘August‘25; 1970
ABSTRACT
‘A comparieon was made of.plasma density meesurements obtained
usingvcylindrieal Langmuir probes and a high-sensitivity microwave
interferometer ihAmagnetic fields between ‘1 and 7 kG. The experiment 

was carried out in e>current-free stream of ionized hydrogen with

3

‘ electron deneities'ranging from 3 k 109 to 4 x lOll . A set of

probes of different sizes was used so that the ratlo of probe dismeter

to ion gyroradius 2r /p covered the eritical range from 1/5 to 5 or

more. Tt vas found that (1) the shape of the probe characteristics

-was not affected very much by the bresence of the strong magnetic

field} (2) the electron temperature derived from the slope seemed to be
tle true temperature;vbut (3) the apparent ion density inferred from

the characteristic by using Laframboise's calculation, which applies

in the absence of magnetic fields, was consistently low by a factorv

whichvdepended primarily on the ratio rp/p. and seemed neerly inde-

" pendent of the Debye length. This reductlon factor was considerably -

larger in the streaming plasms than in a statlonary one, presumably
because of the wake or "shadow" cast by the probe when rp/pi is not

negligibie.
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I. INTRODUCTION

Thé use of Langmuir‘prbbes to meééure elééfroh densiﬁy and tem-
peratufe Qf plaémés is a weli known technique which has‘received
consideraﬁle theoreticall a.'nd.vexperimen'tall’2 attention. Howéver, to
date all analytic work has beeh festricted to plaémas with infinite
or’afviéast with sufficiently‘large ion gyroradii éo‘fhat-ﬁhe ion
v collectién current.could'be cohsidered unaffected_by ény magnetic
| f‘ield-v.B"LL Such an approximation'haé fecéntly been.vefified in a mag--
netized.élkali vapor pia.sma,2 but fhere afévmény experimehtal:situa—
tions'whére the éffecf of the mégnetiqvfield on the ion.currenﬁ
' “undoubtedly cannot be ﬁeélécted.Q‘Unfortunately, in that case ion
collisions must be taken into consideration, even in_‘the'l'bng”-mé'anL Q3 
free;path limit, so ﬁhat it is not surprising that né general theory v
has as yet been deﬁeloped. It was thérefofe deemed desirabie to
determine empirically how the presence of a strong magnétic fieid ’
ishould_bé taken into account to obtain correctrabsolute density
measﬁiements.

We have made a comparison of density measurements obtained using
& éyliﬁarical Tangmuir probe and a high—sensitivity-micfowave inter-
fefometér system.v The experiments were perfofmed in a hydrogen plasma
in a magnetic field of from lrto T kG, aﬁd covering a range of density .

1l cm-3. In the consideration of proteé.-

from ~ 3 x 107 em™ to ~ b x 10
in a magnetic field, the field is usually classified as "strong" when
T >> 1 and L << i hi

p/Pe el rp/pl 1, where rp is the probe radius and pe_and pi

the electron and ion gyroradii respectively, and as "very strong" when

both rp/pe >> 1 and rp/pi'>> 1. The range covered in the present
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experlment is O. 4 <r /p < 20 and 0.1 < r /p < b; we are thus opera-
ting in a magnetlc field reglme between strong and vely strong, a8 case

whlch hasinot prev1ously been investigated either theoretically or

' experimentally.

,’Iniprinciple, it is quite possible to avoid in a given experiment
the entire problem under study here by s1mply constructlng a probe of
sufficiently small radius. There are, however, physical limitations
on this epproach. The thermal capacity of a probe decreases with its'
81ze, this in turn places limits upon the maximum plasma density and
temperature in which the probe may be used before 1ncandescence,
electron em1551on, ‘and flnally evaporation occur. Further a small

radius implies a small collection current, which is more difficult to'

' measure, and in the limit becomes buried in noise. A larger probe

radius (within reasonable bounds imposed by other considerations) is :
clearly desirable, if it is indeed then possible to interpret the

dats with any accuracy. This is the problem'we have attempted to

attack in the series of experiments described here.

IT. PLASMA SOURCE
. The experiments were performed in the "COMPLEX" facility ("Cola
Microwave Plasma Experiment"), (Fig. 1), which has been described

>

elsehwere. Briefly, it consists of a éopper vacuum vessel, 11.6 cm“'
i.d. 1mmersed in a constant ax1al magnetic f1eld of unlformlty <z 5%
for ~ l m of its length, with a 30-cm long mlcrowave discharge

reglon adjoining the main plasma vessel through a 7 cm aperture. The

magnetic field strength is variable from O to ~ 7 kG in contlnuous

,'operation, or to about double this value in a pulsed mode (on—tlme
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{avfewrseebnds). Microwave power at 10 GHz aﬁdps 1 KW cv is fed into
the'carity via one.of a number of possible eoupling deviees;lfor these
experimenps ﬁe Have'used'a "Lisitane coil."6 The magnetic field in’
the discherge‘chamber is édjusted so that there exists an elestron '

.cycletren_resonance region within it. The plasma thus created forms
a col@mn in the main chamber, of diameter limifed eipher by the

Lisitano eoil or By.the.aperture, aepenaing upon fhebprecise magnetic
field configuration, and is typically about 5 cmvdiameter.' Hydrogen -

gas w&Siused throﬁéhout, at a.pressure typically near 5 x 1077 torr;
the vaeﬁﬁm.base_pressﬁre is 5vx lO-8 tbrr.'_ByIVarying the inpﬁt

. microﬁave'power, from- 1 W tQ lka,bthe plasma density can be con-

trolled over roughly two orders of magnitude,:from 3 x 109 to b x lOl’L

cm—5; -Thé electren temperature:is always'from_rs-té 15 eV, as meas-
'.l‘ureq,by both a Langmuir probe aﬁd 4 three-grid electrostatic energy
analyzer. The ion temperature is always much less, spectroscoplc
Doppler broadenlng measurements made on a - hellum plasma under 31m11ar
pcondrtlons have shown that Ti < 1l eV, this limit:being set by the
instrumental limit of resolution.

When produced from one ehd, as deséribed'above, the plaSma is

found to be streaming along the magnetic field typically with a speed -

1 . ' . . . R : Y
-of va ~5 q/kTe7mio This has to»be paken into cons1deratlon in the : L
interpretation of the probe data. - v B ¢

III. MICROWAVE INTERFEROMETRY
We have used a high-sensitivity microwave interferometer system7
capable of measuring phase shifts down to ~ 0.2 deg, corresponding to

a peak (on axis) electron density of about 2 x 107 em™. Basically
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the sysﬁem is of standard design, witn the addirion of a 100 kHz modu-
lation;impreesed onvthe 35 GHz microwave signal; thus allowing the.useé
of phase-sensitivevdeteofion and conseqnent hign-seneitivity.>

A measurement of mlcrowave phase shift ylelds a value for the

total number of electrons integrated along the microwave beam path.

In order to compare this with the electron denSIty_obtalned from the

Langmuir:probe, it is necessary to know'also the radial'distribution

of (relatlve) electron density. At eachrcomparieon "point" (magnetic

field strength-electron dens1ty comblnatlon), we have made a complete

radial scan of the plasma column w1th‘the Langmulr probe, thus obtaln?“
lng the desired radial dlctrlbutlon functlon and allowing us to com-.'.
pute the density at a glven radlal position (we have chosen thls to

be on aXis, r = 0) from the microwave-phase shift. A further relevant

consideration is the departure of the cyllndrlcal plasma column from
approx1mat1ng a "plasma slab" as seen by the microwave beam. This

‘effect can also be corrected for, once the relative distribution of

electron density is determined.

Finally, the interferometer system, and a microwave-absorbing

liner for the vacuum vessel which we have used, are fully described

in Ref. T.
Iv. LANGMUIR FROBES

‘The probes we have used are cyllndrlcal and are inserted 1nto the ,

,plasma radially, i.e., with the probe length perpendlcular to the mag-
netic field. All probes used were of tungsten of radius (for most of'
 the work) 0.004 < r < 0,025 om and extending a distance £ = 0.3 to

0.5 cm from a ceramic or glass sleeve (15 S Ep/rﬁ < 100).
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The probe characteristic (current vs voltage behavior) is plotted

~ directly by an XY recorder using a low impedance swept voltage source

Which_tfaces out the entire curve, from Vprobe =_;9O V to ~ +30”V; in’
a time of sevéral‘secohds. Noise due t0 plasma fluctuations is_fil-
vtered*out with ?assive RC integrators. (If has been‘shown by Chen8
‘ thét; §b longvésﬁthe'fluctuatiOn level ié nét too.gfeat; this average-

ing doesvindeedvyield a reliable electron densityAénd temperature

/i < 10%, which is suf-

measurement; our fluctuation level Ai cat S

sat

ficiently small.)

The’intefpretation of'probeygharactéristics éven in the absence
of a magnetic field is a subject whichiis.far from closed. Of the
-_manyvthéoretical papers.written, the most thorough and therefore per- .

9

" haps the most reliable is the wbrk of Laframboise. He has -carried
out a éeries of numerical computations applicable to the case of a
Maxwellian plasma af rest and without magnetic field, and the results
are presented in the form of suitably normalized curves of ion and
f.electroﬁ currents aé a function of probe voltage. We note that sincé
iwevaré operating in a density regime where rp ~ KD’ where xD is the
(électron) Debye length, neither Langmuir's.éimple orbital motion
theory; (rp << KD) nor the Bohm formulal® (rp >> xD) can reasonably be
applied, and a more complete treatment, such as that of Laframboise,
is;iequirea. Note aiso that since for us Ti/Te < 0.1, the often
assumed condition of zero ion temperature is well approximated. Sinéé
the EEEBE of the probe characteristics werévnot significantly affected

by the magnetic field in our work, we have used the results of

Laframboiée'as our principél method'for'determining an "apparent" ion
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density from the probe characteristic.

Laframboise‘s results are quite general and are applicable.to_a
great range of probe-plasma parameters encountered in»laboratory‘
plasma e#periments. It‘ié'not possible to’presenf,his results in the
form of a‘éingle equétién'covering the entire range Qf'parameter

space; each case should be considered individﬁally in relation to his

‘computer plots. For the parameter range covered in the present experi-
_ ment, however, we can write an eXplicitfexpression for the iqn density

§ + L ' .
oy For a H, plasma, with Ti/Te < 0.1, rp/KD < 3,

. s o | .
‘nL = 1.0 x 108 S T cm_B, o (1)
. PP e
where iL is the ion saturation current (in uA) evaluated at a probe

potential Vp such that VS - Vp = 10 kTe (as indicated in Fig. 2), rp
and ZP ére the probe radius and length (in mm), respectively, and kT )
is the electron "temperature" (in eV). As is usual, it is assumed that

r <2

D 0’ (Further useful information on thé’experimental application'

of Laframboise's results can be found in Refs. 11 and 12.)

" Because of its simplicity, the Bohm formula is widely used to -
interpref probe characteristics, even though the éonditions_for its

applicability may not be met. For this reason we have also used this
10

isat—§ne -— A, | (2)

‘where A is the probe area. The inapplicability of the method in the
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present‘eaee is manifested by the lack of saturation of ion curreht
with ;ncreesinghegative probe ﬁotential (since r? >> KD is not fﬁl-
‘filledﬁ and:the éensequenf'uncertainty.iﬁbthe vaige of ”isat" to be
taken. We have evaluated thev"saturation":ien current (a) at the
estimeﬁedZspace'pbtential VS;_yielding a density’ns, end (v) at an

A A
‘potential is determined by the relationship given by Chen,l that for

estimated "asymptbtic" value i, yielding a dehsity n,. The space

.a cylindrical probe, Vs -V, = hkTe, whereVV is the floating potential.

f f
 The manner in which the three density measurements are obtained from
.. the probe characteristics is illustrated in Fig.'e.

,Nbee ef the above ﬁethods'takes into account the streaming or the‘
presence of a magnefic field, while we are eperating in a plasma wind
and in a magnetic field regime between "strong" and "very strong." We
attempt to'examihe the relatiohship between the zero-field theory andﬁ
the data in a_sffong magnetic field, and toisuggest in what manner the
prdbe.interpretation ehould be modified ﬁo inciuae.the effect of e
nonnegligible magnetic field.
| V. RESULTS

A. Electron Temperature Measurements

‘The electron temperature T, is obtained from the probeicharac—

~teristic by a measurement of the logarithmic slope in the transition : 1 §
._region of the curve. We have not made a deteiied study of fhe tem-i o v | ‘1
peréfuie so obtained as a function of magnetic field strengﬁh. We
have,‘hewever, used a three-grid electrostatie energy arialyzer15 to

?prdvide an additional temperature measurement under a number of typi-

cal conditions; The analyzer is located at the end of the plasma -
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‘column and is coaxial with the vessel and plasma axis; it thus meas-

ures the parallel (ﬁo the applied magnétic field) electron témpérature;
Althoﬁgh é complete survey was.not performed, ﬁe qan'étate'that.the_
analyzéf and pfdbe yield témperature values whiéﬁ are in agfeement
withiﬂ'the expected ekpefimental uncerfainty (< * 50%). In aISeﬁar-

ate series of expériments,vwe have observedvthe-propagation of ion-

-acoustic waves in a number of different rarevgases. The measured wave

velocity is always in good'agreement,with thaﬁ predicted from the
probe-measured electron temperature,‘prOViding another confirmation of
5 , . ,

electron temperature. It is of interest to note that this insensi-

tivity of the detefminatibn of Ty to the magnetic.field is_iﬁ fact
b
and corroborates the experihental findings_of Chen et al.2

For the pﬁrpoées of the present experiment, the elect;,ron témpera; .
ture.is,of relevence only as it enters into the determination of the
electroh‘densify; it is a fortuitous circumétdhce that the paraméters v

of our experiment result in only a very weak dependence of the probe-. 

. obtained density (by the method of Laframboise) upon electron tempera- -

ture. An uncertainty of a factor of 2 in Te produces typically an

unceftainty'in o, of < 5,to'lo%. This is a consequence of the slope

‘of the ion "saturation" part of the prdbe characteristic and the

dependence of n o« i

Sat/A/Te; as 'I'e 1ncreases,.sq also does the valus

is to be measured, and the value there of

probe t

1. _,. For our probe characteristic the two effects very nearly cancel°

sat

Also of interest is the observation that the electron energy dig=-

tribution seems to be close to Maxwellian,s a property which our plasma : -
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:may npt Havesbeen expected to'posseSS in view of the fesonant natufe_i
. of the electron heating mechanism. It is of importance, however, that
the distfibutioﬁ.indeed be Maxweilien in.order‘that.the probe theory
of Laframboise be epplicable. A tyfical temper:ature determination B
ffoﬁ-the probe characteristic is shown in Fig. 3; thatbthe distfibu—
tion ie Maxwellian is evidenced by thevlinear relationship between

' Jbg(ir- iion) aﬁd er OVef approiimately two ordere of magnitpde vari-
-ation-intcurreht. This conclusion is further verified by the energy
ahalyier:dafa. It has been fQund that the range of eurrent over which
the3linearvlog(iu- iion) vs4Vpr relatienship exists is greatest when
the prebe is locafed near the axis of the plasma, rather than near ﬁhe
edgevof the;column. For this reeson_ell the density ccmparisons to be'
described have been made with probe density determined on axis.

B. Density Measurements

The density range available to our experiment is 3 x'lO9 <n_ <

e
' L :'xvloll cm-B, and the ﬁrobe response is linear with density over thie
range;vee is clear from Fig. 4; +these data correspond to 0.k < ré/xn <
4 and r?%bi z.l.Bg- The apparent density inferred from prqbe measures '
- ments by means of Iaframboise's method is seen to be lower than the
:true-density, but the correction necessary depends only very slightly
1on the density ever at least the two orders of magnitude explored here.
We conclude that under our conditions the ratio nL/nu-is nearly inde%-
lpendentrof the Debye length xD, and thus we feel justified in investi--
vgating the probe respehse as a function of magﬁetic field.strengtﬂ,
Aat e'fixed density, with the knowledgevthat our results should be

‘applicable over a considerable density range.
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-At_a_fixed density of ~ 5 x lOlo cm-3bwe'have compared the on-

.axisidensities measured by a probe and by the 8.6-mm interferometer,‘

A scanvof n(r) was taken for all measurements so as to obtained the
on-axisvdensity‘frcm the:integrated interferometer reading, We have
used a number of different probes, with tip‘diameters from 0.003 to

0.020 in., and have varied the magnetic field<from-0 8‘to T kG. Since,

_however, we cannot guarantee that the ion temperature (whlch determines

the ion gyroradius) remains the same. over w1de varlatlons of magnetic.
field, the results we show here are for a smaller range of field .
strength 1. 15 < B <3, 85 kG, over whlch range we believe the ion
temperature does remain suff1c1ently constant. Typlcal results are
shown in Flg. 5 where we have plotted the ratio nL/n as a functlon
of magnetlc field for various probe radii. It is clear that there is
cons1derable spread in the dlfferent groups of data p01nts, and it
seems 1mposs1ble to make a general statement of any functional depend—
ence, Qualltatlvely the features are as mlght have  been expected--
for a glven probe size and at a fixed plasma den51ty the ion current

decreases when the magnetlc fleld B is made stronger. Conversely,

'for aglvenvalue of B the ratio nL/n decreases with increasirng probe

_jdlmensions. Ev1dently, when the mean ion gyroradius p is comparable

to the probe radluc rp, the ion saturation current depends on the mag- o
netic field B as well as' on rp.v

More spec1f1celly, we mustvexpect that in the limit of an in-
f1n1tely strong megnetic field all charged partlcles are constrained

to move along the field lines. Therefore the effectlve collectlon

'area of the cylindrlcal probe inthis llmit is reduced by the ratio
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hrp/eﬁrp = 2/7 if the particles approach the probe from both sides,
| and the‘hy ratio 1/m if the particles all come from'one side, as in _
our streaming plasma, 80 that the downstream 51de is "shadowed." When ,‘v
the magnetlc field is flnite, 50 that the most probable ion gyroradius
pi can no longer be neglected, we can proceed to argue that the effec-
tive width of the acce581ble flux tube;ls 1arger than 2rp,'say 2rp + ap, .
Here the unknown factor o then presumably should depend on the Debye
length and on the colllslon mean free path for ions. In the limit of
zero magnetic field, on the other,hand, we should expect to recover
fairly good agreement between our apparent density . inferred from our
probe current with.the help of Laframhoise's analysis and the true value
obtained:from the microwave interferometer. This should be true even
for ocur streaming plasma since in that case the shedowing effect of
our small probes is negligible, and the subsonic flon velocity can.
only mildly perturb the_ion motion towerdsva probe with strong nega-
tive potential‘of‘order lngTe/evor niore.l)+ We therefore introduce
a heuriStic.interpolation'fUnctionifor nL/nu: |

n 2rp + aps }f£%34+ﬁa :

—~ F(r sPy ) = = & s - (3)

n 2wr + a T B + a
) P Py 1Y

which goes to the expectedrlimits'for'ﬁ =‘Q and B = oo appropriate for L
.our etreeming plaeme‘and‘for_which the qpantity & can be eonsidered ae ' , -QQ
~an empirical constant,vprovided T, is independent of B. Tndeed, when
the data of Fig. 5 are plotted against rpB, as in Flg. 6, a systematic °
trend is recognizable, and even the form of F(r 2Py ) is suggested, as

- indicated by the solid llne. The value of a used in the line drawn is.
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18 gausgvcm,.i.e;, Py = 56/05, which corfesponds to molecular hydrbéen' 
ions néar room temﬁerature~if a= 1. | | |

| | VI. DISCUSSION

jit“must be emphasized that Eg.(3) is really an empirical relation'
which may:be used ﬁy experimentalists for a fifsi-order-correction of |
probe’data. In pérticular, no physicai significance éhould‘at this
point be attachédAto the observation‘that a fair fit of the data is

obtained for kTi = 0.03 eV, The ion temperature was not measured in .

thiS'experiment, and there is no reason why o should be unity in Eq.

(3).  In fact, the actual functional dependence of nL/nu on ry and pif'

is undoubtedly much more compiicated; and if our F(rp,pi) represents a

'usable\apprOXimation, the findings shown in Fig. h_indicate merély that

the:faCtor d can deﬁend only vefy weakly on the Debye length and anthe
mean'free paths. - ' |

Some of the scatter of our data in Fig. 6 may well be due to the
possibilify that the ion teﬁperature variés a little between runs at
differeﬁt magnetic fields since the discharge power had to be adjusted:
to yield the predefermined plasma density. The greatest uncertainty,j;
however, is undoubtedly caused by the fact that the idn species presént
in our plasmé, instead of being lOO%'HQ+ as is assumed in Eg. (1),
actﬁally always consists of a certain ﬁixture‘of H+, H2+,_and H +; and 
this ﬁixture varieé‘someWhat with discharge_powef.i The»experiﬁent
could.ha§e beén carriedvéut in helium to avoid thisldifficulty. .Butv‘
Because of the importance of ﬁydrogen in much of the recent Woﬁk-in

strong magnetic fields, and in an attempt to minimize the gyroradii, -

we restricted our measurements to H2°
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Finaliy, it should be noted thatia large part of the observed
reductidn invion collection current in our interpretation is caused by
-théu"shadow" (or depletion in the wake) that results when the plasma e
“has a substantlal streaming velocity along the strong magnetic fleld.

We have verlfled this idea by adding an equlvalent second dlscharge at .
the downstream end of the plasma column, enabllng us to compare nL/n

in double ended and in single-ended operatlon. Interestlngly, at our
low-density, double-ended operation yielded only a negligible increase 
in this ratio, although nﬁ itself nearly doubled as expécted. Apparénily,
in this‘case the plasma cohsisted of two noninteracting stréams so that
the_totél density doubled, but thebprobe produced shadows for each of
.these'streams. Qﬁly when the power was raised to yield densities above
lO]'lr,c.m-’3 did the ratio nL/n“ drastically increase when the second dis-
chargé‘wés turned on. To stop thevsireaming by double-ended operatioﬁ
of the.generating discharges, it is evidently necessary that the inter- 
action‘between the.two streams is sufficiently vigorous to randomize
the'pérticlé velocitiés either by collisions or by unstable fluctua-
tions. Unfortunately, our experiment becomes very awkwafd with dis-
éharges a£ both ends of the chamber so that fhe entire set of measure-

ments presented in Figs. 5 and 6 could not be repeated in a plasma at

s~

rest. We can merely state that the observation we do have is consist-
'eﬁt with the prediction that.in very strdng fields the ratio nL/ﬁu : CM
 appr6aéhes the value of 2/n 1f the plasma is not streaming.

| VFinally, we have also uséd the simple Bohm formula, Eq. (2), to
caiéulate‘apparent densities ns'and o, in the manner déscribed, i.e.;

based on the "saturation" currents is and iA,_as shown in Fig. 2.
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Since these values afé obtainéd by using'quife'dubious methods, we

have not considered them invany detail, but simply remark that (a) n,
is always much too 1§w;4s¢qgtim¢s by almost an order of magnitude, and.
(v) n, is usually quite close to n, (within a factor of about 2).

These:statements éaﬁfbﬁiyﬁbe Stﬁictly~applicabie to our particular

parameters, and we can make no comment on the generality of these

résults.~ Tt is none the less fhteresting’that‘the simpleﬁtt possible

probe interpretation results in a density surprisingly close to the

true density. |
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FIGURE LEGENDS

The COMPLEX rlasma facility, including a typical plot of on-
axis magnetic field stréength.

'Typical'Langmuif probé characteristic, showing how the ion :

"saturation" current is obtained.

sat)’-vs probe

. potential Vﬁ for typical conditions.’

‘Probe-obtained density nL vs interferometer-obtained density

nu, showing the linearity of probe résponse with densityL_v

- The ratio nL/n“ vs magnetic field strength B for various

probe'radii rp.
The ratio nL/nu vs the prodﬁct rpB. The solid curve is a

plot of Eg. (3) withvg = 18 gauss cm.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.

. Neither the United States, nor the Commission, nor any person acting on:

behalf of the Commission:

A. Makes any warranty or representation, expressed or'implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or :

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of anyinformation, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commzss1on or his employment with such contractor. '
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