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Abstract

Therelationbetween thecurrentgenerationby RF -

travelung fieldandtheaccompaniedpowerabsorption 土s

studiedexper土mentally 土naco11土S土onaltoroidalplasma.

=tisconfirmedatalowmagnetic field that thecurrent

土sglVenby.theproductoftheplasmaconductivity and an

effectiveelectromotiveforce.wh土ch 土sanew concept

introducedon thebasisoffluidmodel;theelectromot土ve

force土sproportional to theabsorbedRF powerand 土nversely

prop(〕rtlonal to thephasevelocityofthetravelling field.
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§1.Introduction.

A direct currentgenerationby RF travelling fieldwas

investigated theoreticallyby severalauth｡rsモー6)inconnec-

tionwith the current sustainiヮg of the tokamakplasma･ The

DC plasmacurrentwasalreadyobserved tobeproducedby RF

7-12)
travelling.fleld 土n atoroldalplasma.

Fukudaet a己 3)CarriedOuta series｡f studies｡n the

currentgeneration in a low toroidalmagnetic field and

showedthe fo11ow土ng■properties; (1)the currentflows in

thedirection opposite to theRF travelling fleld′(2) the

currentdependson the toro土dalmagne比c fieldBt (the current

hasthemaximum atBt ～ 100G),(3) thedependenceon Bt is

related to the RF fieldpenetration into theplasma,(4)the

currentdecreaseswith increasing the fillinggaspressure,

(5) theelectrostatic stray fielddo notplay any essential

on 叫eCurrentgeneration,(6)areasonable amountof the

current土sgeneratedby a localexc土tation even 土n the case

wherethe line length isshorterthan thewavelength.

on theother hand/itwaspointedout5) theoret土cally

that theRFpower absorptionby electrons土sessentialfor

theproduction ofthe plasmacurrentbymeansofRF travelling

field. This isbecause themomentum transfer from theRF

field to electronslsaccompaniedw土th theRF powe工･absorption.

By analyzing therelationbetween thegenerated currentand

theabsorbedpowe工･土n a fluidmodel′we found thatan 土ntroduc-

tlonofanew conceptofeffectiveelectromot土ve force isvery

useful.Thisconcept isrelated to thepower absorption and
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thegeneratedcurrentcanbeinterpretedby theeffective

electromot土veforceand theplasmaconductiv土ty.

Zrlthispaperweconfirm experimentally thisfundamental

relat土on 土naco11土S土onalplasmaata lowmagneticfield. 工n

See.2wedescribetheexperimentalprocedureand inSee.3We

show experimentalresultsofthecurrentgeneration. We

presentinSee.4a fluidmodelfor thecurrentgenerationand

introduceanew conceptofeffective electromot土veforce. 工n

see.5.acomparisonbetween theexperimentsandthetheory is

made. 工twasconfirmed experimentallythattheelectromotive

forcethus土ntroduced 土sveryuseful.

§2. ExperlmentalProcedure

Theexperimentswereperformedona toroidaldeviceof

fsynchromak'.'The schematicdiagram ofthedeviceisshown

inFig.i. Themainparametersofthedeviceandexperimental

conditionsarelisted inTable (I). Detailsofthedevicewas

descr土bed 土nRef.(13). AnRFtravelling.field 土sgenerated

byatransmlss土on lineofsuccesslve工jCcircuitswh土ch 土sset

up locallyon ahalfofglassdischargetube. The lineis

terminatedby amatchingresistor. Thephasevelocity is

l･9 × 106孤/Seeand lsequal to theelectron thermalvelocity

ofl]_eV. Theargonplasma isproducedby theRF field

itself;argon isusedbecauseit iseasily ionized.

Thegenerated current ismeasuredby aRogowskiicoil.

The loopresistanceofthe toroidalplasma ismeasuredby

applyingaweakpulseofinduction field,which isgenerated

by acurrent transformerw土tb 土roncore (0.02V.see);the
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loopvoltage is 2rU 3volts. Theinduction field (aquarter

period is 0.5msec )isapplied at i.5msecafter theRF

oscillator is turnedon. ZnFig.2,weshow the timebehavior

of the toroidalplasmacurrentand loopvoltage together

with thepulsedperturbation field. We seethat thecurrent

drivenby the travelling field flows stationarily through

thedurationofRFexcitation. Thecurrentresponseto the

perturbation fieldindicates that the toroidalplasma is

resistive. Theplasmaresistance isevaluated fとom the loop

voltageand theinductioncuとrentwitha smallcor土ectiondueto

loop 土nductanceof toroidalplasma｡ Wecalculate the 土nput

powerof theperturbation field; that 土sabout 200W 土n

contrastwith theinput RFpC籾erOfseveral10 kW二Becauseof

its smallpower′wedonotexpectany appreciablemodi至上cation

o王 theplasmaparamete工'Sby theappl土cat土onof土nduct土on

field.工n fact′pr卑Ct土Cally nomod土ficatlonwasfound in

theopticalobservationof the total lightfrom theplasma.

=twasalsoobserved that theresistance-doesnotchangeso

muchduring the RFdischargeexcept the initialphase.

The RFpower supplied to the line ismeasuredby a

directionalcoupler. The RFpowerabsorbedby theplasma is

estimated from thedifferencebetween thepowersupplied to

the lineand thepowerdisslpated in thedum y resistor.

Theplasmadensity isinferred from the fringesof 50 GHz

microwave interferometerassumingauniformdensity

d土str土but土on.
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3
.Exper
imentalResults

3
.
1
.
PlasmaparametersandRFpowerabsorption.

Theel･ectrondensityofargonplasmais2rb10×10
12

cm-
3
･T
heelectrontemperaturemeasuredbyaLangmuirprobe

is6×13evatthecenterofplasmacolumn.T
heelectron

temperatureestimatedfromSpitzerTsconductivity
14)
is2x

4evifweassumethatthetemperaturedistributionisuniform-

andtheeffectivechargeZisone(SeealsoAppendix工).

Znordertoexcludethisambiguityofestimationofelectron

temperature,weca
lculatetheelectroncollisionfrequency

v
e
moredirectlyfromtherelationve=npx
(n
e
e
2
/m)

wheren
p
istheres土st土Ⅴ土tyobtainedexperimentallyfromthe

currentresponseofperturbationfield.
Thecollision

frequencyv
e
ranges2～6×10
7
sec-
i

,
dependingonthe

fillinggaspressure.
Ztiscomparablewithorhigherthan

thewavefrequency(u-i.
9×10
7
rad/see)･T
heelectron=

neutrpl-collisionfrequency∨en
issmallcomparedwiththe

wavefrequency;ven=
3
･
3×106sec-
l
atT=10eVandP-

e

5×10-
4
torr･T
heionizationfrequencyvion
issmaller

thantheappuedRFfrequencybecausetheelectrontemperature

islow(AppendixZZ).ThustheplasmaproducedbytheRF

field is in the collisionalregime and themainpartofve

土sthe electron-ion co11土S土ons )ヽ‥el

The RF power absorbedby theplasma ismeasuredby a

directionalcoupler and it is 50rU 80kW･ Thispower

absorptionwasobtained13)from themeasurementofRF voltages

acrossthecondensersofthedelay line･ Figure 3 showsthe

distribution ofRF voltage for three cases. =n theabsence

ofplasma,thevoltage distribution along the linewas a

typicalpropagating one,though therewasa little local



mismatchingduetotheimperfection of thelinearrangement.

Withplasma,the travelling fieldwas stronglyattenuated as

passing the line･ Thisattenuation isowing tolthepower

absorptionby theplasma･ The steady toroidalplasmacurrent

isgeneratedby suchan RF travelling fieldasshowninFig.2.

3.2. Effectof toroidalmagnetic fieldand fillinggas

pressure.

Wemeasuredthegenerated current 工七′plasmadensity ne√

plasmaresistance R andabsorbed RF power P . ZnFig.4,
p a

weplot 工t′ne′Rp and P as funct土Ons of Bt at aconstanta

fillinggaspressurep≡ 2･2× 10-4 torr. Thegenerated

current Zt has themaximum atabout 100gaus;3ind then,the

current､decreaseswlth 土ncreasing Bt monoton土cally′as shown

inFig･4(a)･ Theplasmadensity increaseswith Bt and the

plasmaresistancedecreaseswith Bt asshown in Fig･4(b)

andFig.4(C),respectively. Theabsorbed RF power isalmost

constantagainst Bt･ The]Oulepowerdissipatedby the DC

current 土sevaluated tobe 2･5 kW at ェt - 250A･ 弛uswe

see that itisa smallpartof theabsorbed RFpower.

工nF土g･5′weplot エ七･ne,㌔ and P asfunctions ofa

thefillinggaspressure P at Bt - 130gauss･ Thegenerated

current zt,Shown inFig･5(a),decreaseswithincreasing p･
Theplasmadensity increaseswith P asshown inFig.5(b).

Theplasmaresistance increasesslightlywithincreasing p

asshown inFig.5(C). The RFpower absorbedby theplasma,

Shown inFig.5(a),ranges50へノ 80 kW. Thedependenceon P



wasalsoobservedatBt = 320gaussand similardependence

ofthecurrentandtheRFpowerabsorptionwasobtained.

3.3. EffectofRF powerandphasevelocity.

Westudy theeffectofRFpowerby changingtheanode

voltageEpofoscillator･ ZnFig･6,weplot Zt,ne,Rp and

p asfunct土ons･ofE atBt = 130gaussandP= 1･5× 10-4a p

torr. Thecurrent increaseswith increasing theabsorbed RF

power王' . 工n thiscasethe土nc工●ease 土nplasmadensity anda

thedecrease inplasmAresistancearealso seen.

工norderto study theeffectofphasevelocty′three

typesofthe lineshavingdifferentphasevelocitiesofthe

travelllng 王ieldwereprepared:Ⅴ = 1.9×106m/see, 1.0 ×
p

106m/secand 4.3 × 105m/sec. TheRF frequency is3.0MHz

forとhe linesofV - i.9 × 106m/sec′i.0 × 106m/see and
p

i.5MHzforV - 4.3× 105m/sec. ZnFig.7,thegenerated
p

current ttisshown at Bt - 130gaussandP- 5 × 10-4torr･

Thecurrentincreaseswithdecreasingvp･

§4. Forcegeneration and energy absorption.

Zn thissectionwe study the forcegenerationbyRF

travellingfieldand therelatedpowerabsorption ina

collisionalplasma (LJ rb<ve )･ Herewe shallneglection

motionassumingthat ionmassislargeenough. =n such a

plasma,fluidmodelmaybeused. Theequationofmotion for

elect∫onsis



･em 豊 ニ ーれe打 た 十 Ve x町 -M UeVe ノ (l'

wherem lstheelectronmass′Ve isthevelocityofthe

electron fluid,a istheRF electric fieldandtBisthe

magnetic fieldcomposedofstatic field 担 and RF field臥O

Zn theequation ve isthecollision frequency glVenby

†

ve - yeこ 十 L)印 十 巧oyl

Theequationofenergy forelectronsisgivenby

j a(,1Je) 主情
- こ く 甘 ･臣)-
a at でE ノ

(2)

whereTeistheelectron temperature,廿 istheplasma current

density andTE is theenergy confinement timeoftheplasma･

Thetime､TE isgovernedby thelossmechanism ofenergy

suchもsdiffusion,ionizationandradiation. Theterm <皿･払 >

meansthepowerabso工●bedby theplasma.

Weconsidertheelectromagnetic fieldtravellingat the

phasevelocityvp along the staticmagnetic field (Z-direction)･

工na steady statewecanderivethe following.forceエーelation

usingMaxwellTsequation,

iW

Vp
= 7le7)IVeVd

whereVd isthemeandriftvelocity ofelectrons･ This

relation isalsorewrittenas

(3)

wherepa = くD･旺> and J - - n eV ･ Forenergy′wehaveO e p
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Therelation (3) showsthatwhen,thepower'ofRF travelling field

isabsorbedbytheplasmal theDC currentisgenerated･

=fweintegrateeq.(3) alongplasmacolumnunderthe

assumption thatnp andJ areuniform acrosstheplasmaO

column.wehave土ntherighthand sidethevoltagedueto

thefrictionalforcefortheDC current,orvoltagedrop in

terms ofelectriccircuit. Therefore,wemayconsider the

integralofpa/Jo tobetheeffectiveelectromotiveforce

forJDC･ Herewemaynotethatwith thedecreaseofcollision

frequency ve,np andpawilltend to zeroand thenthevoltage

sourcerepresentation stated abovewillbecomeinadequate;

inthis･tcasethetrappedparticlemode13) orthecurrent

sourcerepresentationwillbesuitable. Thuswe seethat

thisvoltagesourcerepresentation isapplicablefora

collisiondominantplasma.

エnorder tounderstand themechanism ofthecurrent

generationduetoRFpowerabsorption′weconsiderasimple

model;theRF f土eld 土stravelling ln acyl土ndrlcalplasma

and thewave frequency uislowerthanuce′upe,where uce
istheelectron cyclotron frequency andu istheelectron

pe

plasmafrequency. 工nF土9.8,we 土11ustratethephaserelat土On

amongthecomponentsofelectric fieldrUE,magneticLfield篭

andplasmacurrentrbJ in alossfree･plasma (Appendi女

H z ). Znthiscase㌢ and態 oscillateoutofphase. Thus.

thereisnonetabsorptionofRF power. The forcey actingZ

IO



～/ rVし rb lb
onelectronsin thez-direction isglVenbyFz - pEz + JrBo
へノ rb
-JoBr･ Fora lossfreeplasma′thenet forcelsnot

rb
generatedbecauseJ andrbBoscillateoutofphase･ Zfthe

へノ
plasrqaisdissiPative, the RFplasmacurrentJoscillates

with inphasecomponentrelativetoRF elects:ic field態.The
rし

forceF 土sdistr土buted 土nthesamed土rect土on inevery RFZ

magneticmirror･･ theforceJrBo and 3 0～Br are in the same
へノ√し

direction. Thusthenet forceisgeneratedwhen theRFpower

oftravelling field isabsorbedby theplasma｡

TheRFpowerabsorptionmaybecalculated from eq.(i)

oronthebasisofdielectrictensor･ For u <<uce,upe,

wehavethefollowingpowerabsorption in theplasma,

盲r'一十ETel
LL)品rこ､Pitpa-薫･射 目盛･va葱 (5,

From eqs:(3) and (5),theelectromotive force isexpected to

be srhallina low collisionalplasma (Ve < uj ) becauseof

smallpa･ 工nthisreglOn′however′ 土twillbenecessary to

considertheco11土S土Onlesspowerabsorptionratherthanthe

co11⊥slonaldamp土ng̀,and thepower absorptiongivenby eq.(5)

willbemod土fled15)

§5. D土scussions.

5.1. Forcerelation

工nexpeエー土mentstheRF travelling fieldproduces土onizat土on.

Thefrequencyvion is,however, low comparedwiththeelectron-

ioncollision frequencyvei･ Thusthe ionizationdoesnot

affect theplasmaresistanceofeq･(3) somuch. ZnFig･9,

ll



oe-replot, from F妬 5, thedrivipgvoltagePa/Zo producedby

RF travelling fie'ldand thevoltage Rp'× Zt dueto the

frictionalforceasfunctionsof P at Bt - 130gauss,where

= = す｡S,Sbeing thecrosssectionareaof theplasma0

column･ 工nFig･9,㌔/ 工. anq 氏 X Zt at Bt - 320gaussisp

also shown･ Wesie thatinboth cases thevoltagesPa/Zo

and R X Zt decreasewithincreasing p･ ThevoltagePa/ =Op

equals to R X rt within theexperimentalaccuracy･ Thep

forcerelation offeq.(3) isalso satisfied-for theother
phasevelocitiesasshowninFig.7,･theelectromotive force

increaseswithdecreasingVp･.Asfor thedependenceonPa,
theelectromotiveforcewasnotobserved to increasewith

P though thegeneratedcurrent increasedwith P . This isa a

because theplasmadensity increaseswith P and theplasmaa

resistancedecreaseswith P . Thuswe seethat thebalancea

issatisfiedglobally in therangesof Bt - loo°,500･

gaussL'andve/Lu= i ～ 4･ ThereforethevoltagePa/Zomay･be

regardedas theeffectiveelectromotiveforceand thecurrent

canbeestimated from eq.(3).

工n theabovecons土deratlon′weassumed implic土七1y that

theresistivitymeasuredby apulsed induction fieldplays

the samerole for thecurrentdri.Yenby the RF travelling.

field. Thisassumptionmaybeused in thecasewhereboth

thecurrentand theconductivity distributionhaveuniform

profiles. Therefore, theexperimentalresultsobtained above

shouldbellm土ted 土n thissense. Estimatedcorrection

factor is,however,thought tobe smaller than two from the

roughobservationofcurrentdistribution. This smallness

of thecorrectionisdue toratheruni.form temperaturepro王土1e



which lsaccompaniedwithapoorconfinement.

5.2.Energy relation.

エnthissectionweconsiderthepowerabsorption and

theenergyrelationofeq･(4)｡ TheRFpower absorptionby

thecollisionalplasmamaybecalculated from eq.(5). The

RF electricfield isestimatedusing theMaxwellfsequationt

for theexperimentalconditionsoff= 3MHz,nei

5x 1012cm-3,Bt = 130gauss,a= 4cm and～B = 30gauss:Z

Z=

E｡- 碧 a - LO KV/W ,

f･,:I(
Nl-5
)E8 - ふO kV/叫

whereS'andDarecomponentsofdielectrictensorusedby

stix15),aistheradiusofplasmacolumn and N isthe

refract⊥ve土ndex. 工ftheradialwavenumberk⊥is0.6cm
-1

wherek⊥a- 2･4土sthe solutionofJo(k⊥a )- 0′ the
へノ

electricfieldE ishighcomparedwith the field～Eo･ Theど

absorbedRFpower iscalculatedtoberu 50kW. ThisRF

poweragreesfairlywith theobservedRFpowerof50rb 80kW.

ェnasteady state′ theabsorbed RFpower shouldbalance

by theenergy losses･ Weestimatetheenergy lossdueto

ionizationroughlybyusingtheexpression＼)･10nV土 Ⅴ′Where

vi (=15･6eV )istheionization energy ofargon andV is

thevolumeoftheplasma･ For Vion= 2× 105 sec-iand

n - 5冗1012cm-3(thepoweramounts to 20kW. Asforthee

energy lossduetodiffusion,thepowerbecomescomparable

13



withtheionization loss. Thereforewe seethat theinput

powerbalancesby theenergy losses･

Wemaynotethat there 土stheplasmaproduct土Ondue to
rU

electrostatic stray fieldE underneathetheexcitingcoil,.≡

the fieldonthesurfaceoftheplasmacolumnisstrong

enough toionizeeasily thegas. Theplasmathusproduced

hitsthewalland lossestheenergy. Thepowerdissipated

by thismechanismmay notprodu.cetheeffec上土ve･electromot土ve

forceineq.(3). Experimentalresultsindicate･the-shieldi･ng

ofthiselectrostatlc fielddoesnotcauseany slgn土flcant

changeinthecurrentgeneration13). Thereforetheeffect
/ヽJ

ofE isnotessential土nthisexperiment.Z

5.3. Wavecoupling.

工twasobserved 13)that theRF fieldpenetratesthe

plasmaasBt lncreases･ 地 主spenetration suggeststhat the

RF travelling.fieldcoupleswithaplasmawave. Us土ng a

dielectrictensorofcold,uniformplasma,weobtainthe

followingdispersionrelation15) (whistlermode )for

盈 ; 二 意 k"捕 -TklL- (6,

wherek⊥/kllaretheperpendicularandparallelwavenumber

respectively. Theequation showsthat ifk⊥ and kl1arefixed,

theplasmadensity isproportionalto themagnetic fieldB,.t

=nFig･10,weshow thetheoreticaldependenceofn onBte



togetherwithexperimentaldataofFig.3(b) (case z )and

thedataquotedfromFog.2ofRef.13 (case H ). Znboth

casestheplasmadensity isnearlyproportionaltoBt･ We
estimate k⊥from eq･(6)tobe O･7～.1･5cm -1forcase 工 and

o･46cm-iforcase H ･ Thesevaluesarecomparablewiththe

valuekl= 0.6cm-iwhichkla=2.4. Thereforewebelieve

that theRF travelling fieldcoupleswith thepropermode

(wh土stlermode )and then thebellshapedprofileofRF field

% develops.Z

§5.Conclusion.

Wedescribe a.fluidmodelforthecurrentgeneration

by theRF travellingfield and introduceaneffectiveelectrO -

motiveforcepa/Jothatplaystheroleofcurrentdriving

electric field in acollisionalplasma･ Experimentswere

carriedoutinacollisionalregimeata low toroidalmagnetic

field･ Wemeasurethegenerated currentrabsorbed RFpowerr

plasmadensityand loop resistanceas王unct土onsofthe

toroidalmagnetic fieldrfillinggaspressurelSuppliedRF

powerandphasevelocity. 工tisobserved that thecurrent

工t isproduced 土n such away thatPa/工o 土Sequalto R X 工t,p

whereR 土s the loopresistanceofthetoroldalplasma forp

thejoulecurrentand = - -neV S･ Sincepa/zo istheO e p

drivingvoltageandR X Zt isthevoltagedrop in themodel,p

theexperimentalresultsmaybe summarizedon thebasisof

voltag'esourcemodel.
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Appendix (I) EffectofradialprofileofTeon resistivity･

Here, forsimplicity, theradialprofileofT isassumede

tobeparabolic ･･Te-Teo (i-r2/a2),whereTeoisthe

electrontemperatureat theplasmacenterand すistheradius

oftheplasmacolumn. Theconductivityoftheplasma is

assumedtobedeterminedonlyby electron-ion co11土S土ons.･

Whenthecurrent土sdrivenby tbe 土nduct土onelectric f土eld′

thecurrentisgivenby

i-i.㍗ -rdr - 7Ta2oToEct

whereJis-thi cfgar(r三:tif f'a:t.C:re-ferTe｡ t｡ theun,if.rm

2,

distribution ofT . Theresistivity is5/2timeslargerthane

that土n thecaseofun土王orm profiles. Forthe loopresistance

o f 25m針anda = 4cm,Teo = 7･3eV ( Z - i ) and 10 ･4eV

(Z=2)･ Thustheconductivity temperatureT iscomparableeO

to thetemperaturemeasuredby theLangmuirprobe.



Append土Ⅹ (工ユ) Est土mat土on offrequency related to ion土zat土on･

The frequency related to ionization )ヽ･ isestimatedlOn

for theplasma inwhich the electron temperature is lower

than the 土on土zat土on potential. For such aplasmathe cross

section of･土on土zat土onmay be approximated 16)by

01 - CTTc｡ (E- Ei)

where Eiis the ionization energy and Eistheelectron

energy. This approximation ispoor for high energy electrons･

However′ the effectofthesehigh energy electrons土sexpected

tobe smallbecause thenumbe工･Ofthese elect∫ons isvery

small･ The frequency vion is glVen by

Vt･｡yt- ¶叫 くOTcM〉

-1､-ど rco(- 叫 意 )友吉 ,T蘇 古
e.～

こ 竹叫 OTcoくUe〉 巨 も十 えも )e Te ,

wheren 土s thenumber oftheneutralpart土cl､孤

ForT - 10eV′P=5 ×10-4torr,wehave v･ - 2 ×105e lOn

-1 This frequency islow comparedwith thewave frequency･SeC .



Appendix (H Z) Phaserelationof RF travellingfield.

weassume that (1) the RF field 土s travelling･土n the

z-directionalong the staticmagnetic field,(2) the cylindrical

plasma iscold anduniform,(3) ionmotion isnegligible,

(4) theplasmais lossfreeand (5) u <<uce,upe･ Zn this

case the induced electric field～Dr,～Domaybeapproximatedby
へノ ～
Dr=- i D EO
へノ . へ/
Do- 土 D Er

where D is thecomponentof thed土electric tensorusedby

stixl5)FromMaxwell･sequati.n,wehave the f.ll.Wingphase
/も rb

relationof RFelectric fieldE,RFmagnetic fieldB and RF

plasmacurrent3Lexcept thecoefficients,

′､〉
Er⊂k H k上目 cos(柄 -Lot)
′■~ヽ■′
Ee c< JI(k上目 571亘 帰 -uJt)

EぇCk Jo(Kir)stlrn(kE-Lot)

.･R

..

.I.(A.･!'t,Ll‥]'
-:
_:
.
I.-

i.I
:
.･
リ
.;

- J､(kiyl Shl(桓 一肌 )

cK 3.(k⊥r)COS(k至-u)t)

叫 も (kilr〕 COS(kき --LUtJ

c< JtLkLr)諦 1(むくぎーu)り

- J日 k.Lr)LDS(柏 -ttjH

ch' Joは ⊥T)C･05(K旨-LOtj

where J is theBesselfunctionof the m-thorder.
m
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Figure

Fig.1. Schematicdiagram ofSynchromakdevice

Fig･2･ Timedependenceofthegeneratedcurrent Zt and

loopvoltageUcrtogetherwith thepulsed 土nduct土on

Fig.3. Distributionofcondenservoltageofthedelay line

w土th andwithoutplasma.

Fig･4･ Generated current Zt,plasmadensityne,plasmaloop

res土stance良 andRFpowerp absorbedby theplasmap a

asfunctions･ofthetoro土dalmagnetic field Bt at

aconstantfillinggaspressureP- 3 × 10-4torr･

Fig･5･ Dependenceof tt,ne,Rp andP on thegaspressure
a

P at Bt - 130gauss

Fig･6･･′､Dependenceof Zt,ne√RpandP on theanodevoltage
a

E oftheoscillatorat Bt - 130gaussandP- 1･5p

x 10-4torr.

Fig･7･ Dependenceofthegenerated current Zt,Voltages

pa/Zo andR X Zt onthephasevelocityVp at Bt =
p

130gaussandPI 6･Ox10-4torr･

Fig･ 8. Phaserelationsamongthe components･ofelectrid

field態′magnetic fieldも andplasmacurrent廿 in a

lossfreeplasma･

Fig･9･ VoltageRp x Zt anddrivingvoltagePa/Zo produced

bytheRFtravellingfield, for pa_rameters･ofP at

Bt = 130gaussand 320gauss,where = = JS･0 0
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Fig･10. Comparisonbetween theexperimentaldependence

olfn onBt and thedependencepredicted frome

dispersion干elationof'coldplasma･ (申 ) dataof

Fig･4(b),(O )dataquoted from Fog.2ofRef.13.
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Table (I) Mainparametersofthedeviceandexperimental

cond土t土ons.

D土scharg.etube

maコOy radius

m土norradius

rad土usoflim土ter

でransmiss土On line

numberofsections

phasevelocity

10rb 20

1 .9 × 106m/sec

capac土tanceofcondensor 1000pF

Oscillator

frequency 3.0MHz

nominaloutputpower 200kW

ptllsewidth

工roncore

<2.5msec

0.02V.sec

Expermentalcond土七土ons

to工.Oidalmag.net土c f土eld <500G

verticalmagnetic field severalgauss

fillinggas

fillingpressure

argon

< 3×10-3torr
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