
PINCHES 

EX PERIME ,~TS W TH A L NEAR 

et - 1) - H I 0 H - BET A - S rE L L A RAT 0 R +) 

by 

~1. Kaufmarm . E . FUnfer . W. Lotz, J. Neuhauser 

INSTITUT FUR PLA SMAPHYSIK 
0- 8046 Oarch!ng bet MUnchen, Germany 

Abstract : 'nlts paper descri bes a 11 nelr (l . l)-Stc l l arator ex

periment with a hellcally shaped coll, preparatory to a future 

toroldal experiment with a major diameter of 2.7 m. Stability 

Is found to be comparable wi t h a pure UnCAl" theta- p inch o r With 

an (£ .. 1 )-SLellarlltor usln" a pai r of conductor-s o 

Recent theorettcal work suggests stable cquillbrla for a to

ro idal (1 .. 1 )-Stella1'ator with high betu . I -}) In order to sepll.-

rate the prOblems of stabi l ity and equilibrium, we tried to test 

possible taratdsl configurations by dOirig linear experiment.s 

with a pair of helical conductors . 4 ) l n this paper we describe 

e Xperiments wi th a straight {l~l)-Stellarator wher~ the magnetic 

surfaces are formed by a helically s h aped coll (.E:!.B.:.......) instead 

of toe paJr of he lical conductors . Por technical r easons , a 

shaped co11 wou ld be 1T.0re convenient than helical c onductors. 

The inner s urface of this coil is not cxact l y helical but is 

approximated by excentric cylinder~ of 23 cm diame ter and 3 cm 

width . The period length is 60 cm, 9 periods fitting within the 

coll l ength of 5 . 4 m. The amplitude o f the helLx Is 1.5 cm, the 

rotational transform 10 vacuum is 0.01 per period . 

.E!.f5.:......g shows stereoscopic smear-camera pictures o f a dis

char ge in 10 mTorr of Deuterium at a bank- energy of 1.5 MJ . Af_ 

ter about 14 ;US we see the onset of instabilities, which is 

wlthin a few microseconds the s ame onsct - tl.rr.c that we observe in 

a straight theta_pinch o f eQual parameters. ~ shotls tonat 

with 3 ;r; added oxygen lnstabilltlea set in much earllf'r, an cf

feet which we observed in the stralght the tu_pinch as well but 

do not understand yet. E!.K:....! shows stereoscopic pictures of a 

discharge In 40 mTorr at 0 . 5 MJ (low impurity level). 
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The dlsplacements of the plasma to be seen In Fi g . 2 a re re_ 

solved (Slightly smoothed) in.E..!.B..:....2 In a plane perpendi cul ar 

to the axis . It turns out that the plnsma tends to drift into 

the equilibr ium position near the magne ti c axis at x .. 0 , ." • 

15 nrn off the axis 

of t he vacuum ves -

se l. ThIs 15 sho ... 'Tl 

mo:-e clearly 1n 

.E!&.....§. as position 

y vcrouc time . Thll 

Figures shown are 

only example s for 

a typical set of 

parameters . Chang~ 

ing the parameters 

does not bIter the 

overall behaviour 

of the pla:oma. 

In cont rast to 

o ur experiments with 

a pair of hellcal 

conductors , .... e 

were oot abl e to 

vary t he t ime 

difference bet-

ween the main 

field and the he

Heal field. I!) 
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But , obviously , this turns out not to be essential for success -

ful experiments. 

The parameters of the experiments were: bank e nergy up to 

2 . 6 "IJ, bank voltage up to ;10 kV, magnetic field up to J I kG . 

"lse time (quarter cycle) 7 or 9 f1s , co11 length 5 .4 m, inner 

coil diameter 23 cm , i nner vacuum - vessel diamete r 10 cm , tem

pera tures between 20 and 500 eV, densities Detween 1016 and 

1017 per cm3 . 

At the tim~ of completion of thls pape r we dlsplaced the 

vacuum vessel ou t of the axls of symmetr y of the coil , In order 

to test the re storing forces that shOUld be present after the 

ini tial implOSion. 
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