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EXPDIMENT AL GENEllATION OF PLASMA. ALFVgN WAVES • 

-T. K •. .Allen. t William R.. Baker, Rober- V .. pYle and John :M. WilcOJl 

Lawt."ence llactlatton Labol'ato_.,. 
University ol Caltfol'nta 

Berkeley, Calilomla 

March SO, 1959 

Allvea. 1 baa poamlated the exlat41~e-of hy~romapetic waves to explain 
. 

_certain sunspot phenomena. Some rather complex espel'imental obeel'vationa 

.h:av~ been l'epol'ted. a ·we have·-~mpteci to -~~~at•. s~c~ -.wave at 011~ end. 
'· ' ' 

of a eylhu:trtcal piaema, aad to _detect the tranlmltted wa~ at tlte · oth~J' end. 
• v • • • .~,' 

Tl\la 'hydromapetlc:. \Vave pi4e CO!lelata. Of a conducting cyllnder • 14 tri~ -
.. \ . . 

loDI and s-S/4-:J.n •. Ul diameter. fUled with b.yb~·-D aaa to a pre88UI'e ot 

100 microns. ami. mouated la a wUtorm axial mapetlc field.. At each end of 
. ll . 

the c:ylmckr there 18 aa insulator ud a emlll c_.W ·electrode, a l11. loag . . . l; . 

and· i ln. in cUameter. The velocity .of pr~pagat~oi'l Of theee wavea CD: ~e 
. . . . . ' ~- . 

derived3 &oria-t\le foramla. · v-,.. c ~ , . wb.ei'e .It~ the dielectric: con~~t of 

a "1~1~·~ wJJf.<4i~m~ ta 'equal ~to 1 + lie a" a . • p ta ~· plasma deuity. .~t the 

B ' magnetic lield. and c: · the velocity of light. Slace K )) 1. "e have ~l. 

0 
~ 

; (1) 

• Wo-rk done wider th• aueplces of the U.S. Atomlc Energy Commission. 
· t Visitor from AEltE,. Mar•e11. 

' - .-. 
la. Alfven, .Mk. Mat ••. Aatr .. ry_..-i i9B. No. a (194Z). 

Z See T. G. Cowltng. N&l!etoherodeamtca.t:- (lnterac:lence Publishers, hie. , 
N4nr-Yo-rk. 1957,, Chap. 3, for .a review t_o l9S'7i allo- Sawyer. Scott, and 

Stratton, Phya. J1uicb !• 41 (1919). 
] 
L. Spit&er. Jr .•• Phiaica qf_J'uUr lonl~ed Ottl!.!tf!.. (tate'tectence Publiebere, Inc .• 

New York, 1956}. 
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The tu.be la preloAizecl by cliacllar'1e ol a ttelovt" condeuer b.nk (45 pi) 

between the two central electrodes. Thta current reaches a max'mum value o£ 

50 kUoamperea la l?l'aec, and then 11rlnaa•• a fe91 time a. A tut condenser bank 

(1.1 .,.t) la then 4iachargecl between one center electrode u.c1 the outer cylinder. 

Tb.ia curreat reaches a maxtmum value ol &5 klloamperea ln 0.7 p.aec and 

&lao rbtJi a few timea. Th~ radial elect;te t'telcl tbua pl'oducecl and ihe steady 

aaf.al mapettc field generate a toraiOilal hydromagnetlc wave. When this wave 

arr:lve~ at-the far end of the cyUD4er the radial electrle field~·· ... !!.. X~ 
proetucea·a_·vol~·- ~Uel'enee betweet'l the c:ente:r electr~e &lld the outer cylinder • 

. In J'tg. l.A., . the bottom trace of the dual ... beam oacilloaeope lhows the drh~ing 
~.~ 

wave form, YlhUe ttie top traee la the trans-tted wave form. The time •cale is 

l paec/cm. The traumt.eion i.tme of the wave b measured £rom the ftrat peak 

of the driving wave form to tbe .flrat peak_ ot th.e tranamlttecl wave form. f'f'om 

tbh trana~eeloo time and the .knoW'D lenath of the eyl1D.der we have • direct 

n:aeaauremeau of the wave velocity. 

The operation of the meaaal'lna clrcuiia can 'be cl\ecke4 by dlaehaJ'glna the 

fast condenser bank w1\en there la very allpt lomsatloa in the tttbe. In thle 

ease the transmitted wa\te arrives at the la.r ead, aa would be expected. • with 

no measurable delay. (Ftg. 10). 

The change in the transmitted wave form u the nu.aaetlc field ia varied 

la shown in Fig. 1, .A tbroup F. The tranamialton improve& with the larger 

magnetic fields. Tlle experimental veloei.tlea are plo'Ued veraue mapetic: field 

in Fig. 1. where the eoltd curve repreaeDta the theoretical value given by 

Eq. (1). One might expect the f)xperinaental veiocitlea to be aome\\fbat larser 

thaa the theoretical veloc:itiee, as follows~ Fl'orn the ;~t.ure of the preicmizf.ng 

• 
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pulee we wo\llcl expect the !opbation to decrease at large radii. The wave 

velocity ·would. thea be a turu:tion ofthe rad.h&a. This would increase the average 

velocity., aa4 also make tho period of the transmttt~4 wave fo.rm greater than 

· tJsat o£ the \1lr1ving wave ·torm, as obeerved i¥1 ..Flg. 1. 

·'fbe .• u~red veloctty 4ecreasea ... the·aaa p:reeeure is increased, but 
.. ' 

·the variation la not as larae aa predicted. by Eq. (1). Since the energy trom the 

preloni&inl conclen•er bank ia 'approXimately eonatant, the per cent ionizatio~-

, clecreuea at higher prea~uree. •4 cau.eea .a de,-,.atton from the theoretical velocity. 

If the ionization parameters are not ()pthnlaeel, tbe me.aaue4 velocity is iarger 

than the AUriil velocity. an4ln the limit ol.'\tetoylow t.e»nieati<>n the "prompttt 

'tr&.nemittec! .p~alee -of Fig. l ~ la observed. 

· .At 1Z .. 6 kUogauls th. peatt -of the drivfna wave torm ia about lZOO volta 

and tl\1!1 peak el tile transmttte4 -wave fo~m is a'bout 500 volts .. · Thi8 factor of 

2.4 in the att-uation •COuld t'oault £rOm aever'ai eause.s. The radially clependent 

wave velocity mentioned above can slptlicantly decrease the traasm.itted wave peak. 
. . 

Sheath effeds may eause only par~ of the cbtviag voltaae to:r-bS:allill:tive ln actually 

ddviDg the wave. Some of tbe wave energy may be lost to the insulators. 

Finally there h th.e atterntatioa ei the ·wa.ve ln paastns th rouah the plasma. 

Thh wo~k wa• b1ltiated after di•wesloaa with Huold. .Furth. We wiab . ' 

to thank lUchard o•.sutlivan, Pierre PeUiesier. Louie Biagi, and Q~n·ald WUson 

fot able asdstance. 
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Fia. 1. D\lal-beam oscWoac:ope traces of the transmitte4 wave forQ1. (top) 

aad the d.l'ivina wave lorm (})ottom). Tb.e time seale le 1 fi.aee/cm. 

The top voltaae scale ia 500 volts/em., and the bottom ls aSOO v/¢m • 

The hyd.roaen gaa pressure is 100 microns. The tnaanetic fielda are · 

9.Q,, 8.1, 7 .l, 6.1, 5.4, and 4.5 kUoga.u.ae in pictures A dlrougl\ r. 
respec:tivei y. Picture 0 shows the ''pl'ompttt t:rarusmietiob at lt:>~ ion 

det)sity. 

. ' 

Fig. '· Wav4! velocity vs • .magnetic .fiuld. The eitc:h!e ·a:z.e eKJ)erlm•ntal ,Oj.a..ta 

and the solid curve i& th~ Alfv'en velocity. The hyd.rogen gae preeaure te : 

100 microns. 





4 ~ 0 r------r-----r---,.-------,---~----r---·~----: 
. I 

3.5 

3.0 
........... _.,__ 

0 --)( 2.5 
(.) 
Q) 

-en 
. '2.0 

E 
0. 

~ 1.5 .... ·-•(.) 
0 -Q) 

1.0 > 

0.5 

·0 2 

0 I I 
0 

0 

0 

0 

0 
0 

0 

.. 

4 6 

Axial magnetic field (kilogauss) 
-~~~ ... 

j 

' I 
I 

~-.J - I 
t 

I 
I 

-1 
• 



-.-.. ... -... ·~·- -·· ~--· . ~· - ~· 

. ' 

·I g nitro n s w i t c h 

1.21Ifd 
.. Fa s t b~ k" 

Driving 
wave form 

• 
4 5-J-Lfd 

Spark-gap Slow bank 
switch f 

P-------------------~ ~o--------~~------------------~ 

Solenoid 

.............................. . .................. . ......................... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . ' . . . . . . . . . .... . ............. ........ . 

.... ~*"~j(J~ ~~(]~~~ •••••. 
12K Transmitted . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . .... ........ . ..... . 

51
Q,e----1tt---. wave form :::::::::::::::::::::::::::::::::::: :::::·: :::::::·::: :::::: ......................................... .... ............ .................. .. 

..................... ... ............... .. ..................... ...................... ......... .... .. 

Pyrex insulator Copper cylinder -- '9':1:1:r ~ ~ ~ .. ··-
1j_) 

\ ( .. 
I ' 

-~~ \.;/ 

55,267-2 
r , .;;: 




