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Tae pupoae of tble aote la to cleacribe the oltaei'Yation of hyclromapetl.c­

awl1"1 clenlopmeat la a rot&tiDI J&leou plaama del! lt ia aubjectecl to ua 

electa•o"awpeUc •*•I action. 

HydroJeD at aa initial pre1lv.re of lOOt'- Ha ia contalnecl in a copper 

cylla<ler 5-3/4 I.a. la 4lametezo aacl 14 ln. lona. The cyl1acler la located iD a 

\Ulitonn mapetie fle14 that la dll'ecte4 atoaa tU cyliAclel' axle. The ende of the 

cylla4el' are cloaecl 'by Ppex staaa plate a' aa electrocle located coaxially with 
' 

the coppel" cylla4el' l• mo11ftte4 in oae of theae plate a. A achem.atic cllaaram of 

tbe apparuu la ahOWA m na. 1. 

A hydJ>omaped.c lolliainl wave of the tn- deacribed by Kunul1 1a 

1Dldate4 by applybt.a a r&cllal electric: fleld between the cemral co&Jfial electrocle 

aad the cylbUler. Thla wave pl'opaaatea 4owa the tube to produce the plasma. 

• Pl'eviou Nault• bave ahoWil that the pkama thu proclucecl 1.1 at leaat 90'/o 

loaaiae4, aa4 l• rotatlq altov.t t!ut cylia4er uta Clue to the l X ! fol'ce•. When 

the loalziaJ fl'ont. reacbea the ala•• plate at Ule oppoflte eo4 of the cylinder. 

a low-imped.aace abuat "ezoowlaar u la coDD.ecte4 'betweea the coaxial electrode 

an4 the copper cyUD.der. The pri.mai'J eftec:t of thla 1huat l• to lmpoae on 

the plaama the coiUillloa 

r.z l!: .. t .. ,. .. • o. 
1'1 

(1) 
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Here Ea-(1:) il the raclial electric O.elcl, aad. r 1 and r z are the rad.ll ot 

the coaxial electrode and of the cy~er. l'eapeetlvely. Uader the cora.ditiona 

· im.poeecl Ia theee experiment• the map.eUc fielcl ie aufflcleatly 1trong ao aa to 

couple all macro1coplc plasma motion• alona coi'AD'lOD.liel411nea. Thua, to 

Wit!Wl time• comparable to the Alf\t4A traa•tt time. the plaama at aU poblta 

oa a pvea ~elcl Uae 11 expected to have the • ._. (tranevea-ee) macro1copic 

velocity. The laclu.ctu.ce ol the esteraal circuitry oi the ahuat ia lhlfAciently 

hilh to require about 10 ol' lit' aec for the rotatioll&l eAeray of the plaama. 

to be d1ea1pate4 ill the extel'll&l reaietaace. &ace the rotatlollal velocity 
' 

vr(r) ol the.~plaem.a 11 proporticmal to Er(r), Eq. (1) lmpliea 

(2) 

' Equation• (1) aacl (2) do not imply that ltr(r) = vr(r) = 0 for all r. 

lad.eed, prior to the appUcatioa of lbe crowbal' tAe plaama ia rotatina 4U­

Iereatially. TAla differential rotation la clUe to the combiaed elfecta of the 1/r 

depeadenc:e ot the racUal c:urreal ancl the vtlcoua dl"&l at the cylinder wall 

and at the cyllll4el' defbaecl by the aet of tle14 Unea interaecttn.s th• center 

elec:,rode. The radial curl'e.n.t cleaaity cluriDJ the crowbar action mu•t vary 

aa 1/zo,, •••ultiq i.n. a force with the •am• raclial 4epeDd.ence. Becauae the 
-

brak.blstmpul•• casm.ot m.atdl the pluma momentum. for all r, Eq. (Z) J'equlres 

v r(r) to have both poaitive 8llci aeaattve value• after crowbar. Pla•ma 

t.mm.ecll.ately acijaceDt to the out1lcle cyltruler wall and to the cyllncler defiDecl 

by the central eleetro4e 11 expectecl to he held at aeal'ly zero velocity by 

frlctioaal forcea, whereaa that 1A the iaterior at •mallei" radll ia reversed. 



·!'<·· . 

_,_ 
UC!tL-10010 

1a cUrectioD, aa4 at J.ucer racW la alowe4 'tNt not atoppec1. SwlrUna. reallltlDa 

fi'Om auc:b ·velocity dietributiou, ia aot Wlexpected., eo lona a• the motion ia 

c:oullteat wltb. the req\llrem-.ta of Eqe. (1) aA4 (2). 

Jrtpre l 18 a aequeace of ta framina-camera photopaphe taken with 

lbe camera lo~kinl alona the uta of the cyliauler. AD axial mapedc ftel<l of 

t6•aus• was applied to th8 p!aama. The nu.ralMI'I below each photoll'aph are 
• . ·-~ ..... ? • 

the e1apae4 times (in fi&&ec) after the froat-propa1at.f.n1 racU.al field waa appUecS. 
~ 

The cluaUon of each eapoaure waa 0.10 tllec. The avel'aae anplu velocity 

of the plaama·before crowbar wae nout 8Xto5 u.d/aecJ it la eOW'lterclockwiae 

in the photoa1'apha. The crowbal' al\\11\t was appUed to the electi'Odel at ZOflaec, 

aa4 the current thrnah the ahunt ha4 tallen to a ne,Uplde value 'by JO .,.aec. 

The awlrla develop muke41y altel' thf.a time-in such a J'D&IlDer aa to maiataln 

the valldlty of Eft. (Z). 

Similar photoaraplul ta-n with an ~ Alter alaow the llaht to be of 

hytll'oaentc oripn. Other photoarapb.a taken off the eyUAcler axil show that the 

awlrle extend throqh the leaJth of the tube. 

The awh•Una moUoa o£ the plum& ahowa in na. J ahoW.4 induce local 

electric f1•14a, with J; = vXB. If tlleae field• are made to equal&ero throughout ... ,.. ... . 

the plaema volW'fte. the •wlrl motloa •hou14 be •t•oa&ly bahl'bltecl. naur• 3 1• 

a aecoad eet of framJ.oa~camera photoarapl'lJ takea with the camera lookiaa alonl 

the cylinder aale, with a coiMluctiq ariel placed Just 1nei4e tb.e &1••• end plate. 

whete lt caa be t.a coatact with the plasma. Thla &1'14 lhou14 holcl Er(r) • 0 

on a ecale comparable to the grid.·wll'e apaclD.a throupout the plasma aftel' 

the plaama make• pocl electrical cou.tact with lt. It is appartal~ from na. , 
that ao awlrUaa motJ.oa occurred. alter the electrode current 'became zero at 

I 
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In addition to the mechard•m outUne4 above, it 1• also poeeible that 

hyd.J>omapette iaatabllttiea aaaoctated with radial temperature ol" pre1eure 

IJ'&diente could 'be important in produeiDa tla.e obeei'Ved ewll"la. 

We wl•h to thank WlW• c. Qoe • arut Richard t.. Wooclc:ock for loani.DJ 
_.;.....--
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or of the Department of Def•.~t••· 
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.. 
na. 1. Schematic diaaram of appa:ratus. 

na~ 'a. .FrUidaa-camera pbotoarapha aho~ ewirl cievelopmeAt. 
I '' 

Num'be:ra below each photoal'aph are~ elapaecl time• Cia JoA.aec) after 

application ot the ra«lial field. CroWbar occui'Teil at abo.u ZO p.aec. 

(The dark :reaf.oa at the d(lht of each picture wae cauaecl 'by vip.•Uilll•·) 

.n,~, 3. hamias-eemera photoal'aphe taken with coa4uctlaa ecr••o 1r.& place. 

. ' 

,· 

Numbera below each pbotoaraph al'e tile ela,.ed Unut• (ia t+••cJ 

after appUcaUon ol the ra41al fle14 • 

. ·· 

., ' 

,,\ 
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