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LINEAR WAVES 

E.XPERIH£NT 011 THE EXCITATION Of' BlJCHSBAUM-HASEGAWA-RESCIMNCES 

F. Le",ter"l' 

IflsUtut fU!' Pl a smilphy!!ik, Garching b . )-IUnch"n, Gennany 

In a hot inhor:le>g(!neou l plas:n .. C:OlL,:nfl in a T:lagnet i c field rello

nances kr,o;,-n as Bucnsbau;n-Hasega"'a-:nodes • 1 ~ Can be observed at 

the low fre ;!ue" . .::: ".de :le ::,'" e:ectror, cyclotron h llr:nonic f r e

quencie 9 . "hc'; il:-C attrJz,; t cr.l t o electrostatic electr on pla!",a 

W311es whIch Can propagate per-rendlc'..!la r to the magnetic f ield 

(Bernstein wllves • 2 ~ ) . I! "p:'> " pH 2 .... 2_ .. c 2 ( .. hybrid dens ity). 

then !O~ frequeneiec ";"c.n-:. ( .. / .. " 1 .... here the B-H-re80nances 

are observed, t hese Wilves propaqate as bac"" .... ard waves. Thi, 

implies that in an lnhomogeneous plasl:liI COlUllUl and for .. near 

2 "c' these waves can only eXlst in the dense core of the column 

b ounded by the hrbnd layer. Wlthin this dense core these os 

cillatI ons form a s t anding 1.lave pattern , which manifelltS itself 

in the resonances whenever the phase condition 
o 

j it l r l dr ;: {".. ",'7r 
lS fulfilled 1,),6. T~ 

It 15 genera lly a ssumed that the Sernstein .... ave5, which lead t o 

the oscillat.lons , are coupled to the electromagnetic fiald (It 

the hybrid layer L 4 j . ThlS impl1es that in an inhOllOCJeneous 

cylindrical plils:na colu:nn the g r oup velOCIty of the thus excited 

waves should be directed radially in .... ard, from the hybrid layer 

towards the higher dcn si t }' reg ion. Howeve r, Grubcr and 8ekefi Ls ] 
repor t the obse r vation of j ust the OppOSl te directlon o f pro

pagation ... ·hlCh .... ould require anot'her eXCI t ation mechan i sm in

stead of (I local coupling lit the hybrid layer. Th ey pl'opose a 

continous couplIng t hroughou t the volume .... here the waves pro

pagate. 

In a steady state exper iment [ 6 J wher e the waves have bee n 

e xcite d by means of an externa lly applied high freq\lency c{lpacitor 

field, .... e obtained results which arc contrary to the findings 

of Cruber and Bekefi. In such a stelldy sta te experiment, how

ever , the qroup velocity of a wave cannot be me{lsure d di r ectly. 

Fig. 
Experimental arrang~~ent 
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TherO!fore, a short microwave 

pulse , ... 20 nscc , 940 MJiz) 

was applied to the capa citor 

p1{1tes and the transient plas

ma wave r esponse .... as observed 

with an antenn{l inside the 

pLasma . Fiq . 1 s hows t he e x

perimental arranqement . Fiq.2 

shows a set of r ecor ded probe 

siqnals for different probe 

positions between the axis of 

the column a nd t h e .... all . we 

.... see, expecially f or 4 mm < r < 
o mm, four clearly separated 

pulses arr i vil'lg at the probe 

.... hich indicate that the ex-

citat10n is mainly a local 

one . The first one of the 

pulses is due to capacitive 

coupllnq trom Lhe capacitor 

plates to the probe. It is 

-.--.--;e;.-=i 

an elec:tromaqnetic signal 

which arrives ... ·ithout appre

ciable time delay. The second 

and third pul ses are t he 

Bernstein wave pulses Which 

are e xcited on both sides of 

the pla sm,) column in the re

gion o f the hybrid layer (at 

r""~ 12 m:Il). It is s,,"en from 

fiq . 2 that the .... a ve pulses 

travel radially in .... ard with 

Fiq. 

Pulse records at various probe 
positi~ns, .. /"'c ,. 1 . 89 ; 
• p02/ .. "'2.4; dIfferent sensi
tl.vities a considerable time delay. 

Thi s directi on is identical to the direction of the qroup ve

lOC:ity of the excited Oer nstein waves in a steady state experi

:nent, i.e. away tr<X:I the hybrid l ayer toward s the hiqher density 

region. ~'rOOl the di spersion rel ation we Can calcula t e the qroup 
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Fiq. ] 

veloc:ity lGrEau/" ... as a fUl'lction 

of density. The time delay 

ass~~ing excitation a t the 

hybr id layer ~~en ill, 

-(~.\ \f!;(eJ .-if' 

Fig. 3 shows a compa rison bet

ween measured and calcula ted 

time delays. When the two 

wave pulscs travel just once Compa rison b etween mea s rued 
and calculated tir..cdelays across the plllsma column and 

reach the hybrid laye r at the opposite 

.~. -

.~. ••• t----•• 

\:Im.) s ide of the column they couple out to 

\10 the electrcmagnetic vacuUlll field wh iCh 

we o!ISain detect at the probe without 

un appreciable time delay. This is the 

fourth pulse we see in fiS . 2 . His 

1<0 time delay is just twice the t ime de

lay of the pulse at r - O . Wi t h the 

,~o p r obe situated outside t h e dense .• ,. cor e, we could detect up to 4 coupl ed 

''0 out pulses, which are due to lIIulitpl e 

r eflection of the Dernstein wave pu ltes 

"0 inside the dense plaslIIII c ore. One set 

of measurements ill p r esented in fiq.4 . 

'10 We see how with increallinq peak pla ama 

density (or d ischllrqe current) , t h e 
. -
.~ -

100 ,r,o '1 .... <1 
U/",' I 91 

1110 time delay of the coupled out pulllea 

increases due to the i nc r eas ins dia

meter of the hybrid layer i n the 

column . From. the relative lIIIIplitude ll 
( ..... """ ..... " IO .. V/~ ... v 

Fig. 4 

Records of coupled out 
pul.!l e a for various den
sities. "'/.c -1 . 97 

of suc c6ssive couplGd out pulset we 

can estimate the coupl ing coe f ficient , 

of z .f - "jiG"" ' N",ifv .. 
S r epresents a damping of the pulse 

dur:'nq one transit time frcra a hybri d layer to the opposite ono, 

" . 
~ 

"I :1,: 
"I . /\.":" '. .". __ .", 
!i§ts-~-: :: . ... ., .~ , 

lOO ill ... . ,.AI 

Fiy. 5 
Ccmparison between ex
perimental and calcu
lated coupling co
efficients, 

I n fig. 5 the d ots s how experimenta l 

rellults l'Ieslecting dampinq, i .•• f or 

0" .. 1 . Th'" hea vy linea i n fig. 5 

correspond to the r e sults of }(uehl[7], 

who ha s calcula ted this coup ling 

coufficient for excitati on of the 

Bernsteil'l ~ves by an extr aordinary 

wave in an infinite inhomogeneous 

plasma . Taking 1<uehl' s parameter 

n!x (x ~_) (refractive index of 

the extraordinary .... a ve for x ... .,., ) 

eq\lal to n!x (r - 01 in our ex

periment, we obtain the da Shed l ine 

in fiq. 5. representins the coupling 

coefficients expected in our experi

ment . We find aqreement .... ithin an orde r of magnitude . Ma t chins 

our experimental results to this theoretical line .... ould 'live a 

reasonaule value of 0.65 for the neglected damping term ~ . 

'!'hes€! observatious, toqether with the r esult s in l"6] show that 

Ruchsba~~_Haseqawa_resonancr.s can be .... ell under s tood in terms 

of Sernstein wa ves excited mainly in the v i cinit y of t h e h ybrid 

layer . 

This worit wa s performed aa part of tI, e j oint research programme 

beb'een the Institut fllr Plas:naphysik and Eurat<:w. 
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