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~: The effect of .hear on the confinement properties of 

the Wendelste l n 8 tellarator was studied and a strong influence 

observed. 

The VIr a I!Itellarator Is equi pped wi th e .. 2 helical wlndlngs 

produc1n!: a large rotational transfonll, l . (l. .. 1 COIT<!'!sponds 

to }600) MI the .. gne tlc lUte and ".err law shear. For toUlD stabI­

l ity the mar;netlc field has a mean -.gnetlc well, typically 

ot • re .. per c en t. Minima of the cenflne.ent tlae had ~en 

o •• e~ed whenever t he rotational transform was a rational 
traction of not too high Il1l order 11/.+) Whatever their 

eaulle, they are related to rattonal lIurface5, being esta_l1 _ 

IIhe. OTer a lar~e part of the plas-.a erOIlS lIection "ll11ul ­

taneoul!Il,. . Introducing lIo.e I!Ihear affects thl :11 I!Itate Il1ld 

!light cause the:lle .ini~ to disappear. 

Equally directed currentll in three 

addltional col1ll, as sketched in 

Fi~ . ena_le U!I to vary the shear 

over a limited rlUlge . Theae coill!l 

+} Siml1ar r esul ts were obllerved in 

the L - 1 stellarator at the 

LEBEDEV-INSTITUTE /2/, _ut there 

the .1nl_ in confine_nt tl_ 

were ollll'loU!lly c onnected with 

d l!s tructtOll of the ma~ettc 

surfaces. 

Fig. I: arrangements for 
the co11 s 

A: main magnetlc f ield 

B: Helical .,indings. e ~ 2 

C: addtttonal COi ls 
producing Bs 

are arran~ed cOlI.II.ially with thc devicc ; thelr lIIagtletic field, 

Bs' l'&.Il ll1hes on the IQ&gnetic .!I.Jtis /)/. Calculatlons of th~ cor­

r ellpwlding co.lll1ned _~etlc field cOllfi~uration have shown that 

the mean-.1ni.u._B pr operties are only slightly affected lily 

varying the IIhear in thil!l way, lIIut that too large value" of Bs 

lead to destruction of the .sgnetic sur faces. 

The -.ajor and 1II1nor radil of the WIras tellarator are 50 cm and 

5 c. rell)tectively. The toroidal _gnc tte rield Bo of 4 . 5 11:0 

waa salnt.ined thro~out the wholc e~peri_nt. A lIIar ium plasma 

was generated by contact ioni:l:ll.tic-l on a tllI1!sten sphere . The 

ion-dcnsity a nd its radial profUc were .ellsured Ill,. reaonanee 

fluorescence / 1/. 

In I'1.g. 2 the dependence o f the steady stllte density on iota 

for B ... 0 and for Bs 7' 0 111 IIhown, with t he input ion flux, 

~, and the lIuperi.poaed lIIerid10nal field Bs kept constant. In 

1II0th Clllles thc magnitude of the shear (1l~1..) is a function of 

iota as shown on the top CUMes of Pig 2, with 

bL I.. (r_411 111 ) - I..fr 0) 
--z- - !,.. (r '" 0 

In those 

regions 

.... here 

the shear 

is no ti ­

cealllly 

increased 

over the 

value for 

Ba .. 0 

t he c onfine ­

.en t time 

(which is 

proportional 

to the steady 

state dens ity ) 

is considerably 

'reduced . For 

Fig. 2 , top curves : dL vs. L for t wo caSEls . 
Hs ~ 0 and Bs -7 0 

bottom curves : f'i vs . I.. for the t wo 
cases shown i n the t op curve s . 
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iota less than 0 . 14 ext remely poor confinement 115 achieved; 

we are incl1ned t o attribute th is particular fact t here to 

the break up of the magnettc surfaces as i nd ic a ted by com­

putations. However, it should be noted tha t our present ~ow_ 

ledge of the magnetic field structure for B ,I 0 is based on • c a lculations only. There is therefore still a sllgh t possibili_ 

ty that the observed redtlction of confinement time beyond iota 

- 0 . 14 might also lie caused by the above mentioned destructton 

of the masnetic surfaces rather than by the effect of shear. 

Conseq",ently. another experlmen t .,as conducted where the direc ­

tion 'of the a clditlonal field B was reversed 50 that the weaL.: 
shear originally inherent in die l .. 2pfleld could be compen­

sated 1n the av erage . Tne eorresponCllng resul ts are shOwn 1n 

F i g. ) In this 

case one olll~ervea 

an improl'emen t in 

the confinelllent 

tillle for any 

applied aVl!rage 

shear, which i s 

sll.alll!r than the 

vaJul! for Bs .. O. 

This Illlp rOl'emen t 

approachea an 

optilllUlll for 

'\_~ ~O. Here 

again, however, 

the lIIagnetlc 

surfaces seelll to 

break up when 

Fig. ) : top curvl!a: ~ for two casea , B
s 

_ 0 

and Bs£ 0 L 

the value of 

botto. curves: n vs L for the two ca­
ses shown In the top cur-ves 

iota crosaes a lower l i ll. i t. l.e . fort.(O . !. 

It should be noted at this point that th!! Buperpos i t ion of 

B a lso leads to a a.all change of iota . Since the iota scale 
• presented on the CUM'es in Fi gs . 2 and ) is ollltained Ity means 

of an on_line anologul! co-put!!r which account. only for the 

.ain and the h elical field currents, it is sl1ghtl:r incorrect 

f.or Bs '" O. However, t he true iota scale can easily "lie 0111 -

tained _y f ollowing the displacelllent of the indl vidual ma­

::dllla and mtn1_. 

Sua.ari:l:1ng one .ay conclude t hat already for rather Iftoderate 

val ues of additional shear the alllplitude "lletwccn the lI.int.a 

and lIIaxill.a i . reduced, but 50 la the confinemen t ti me itself. 

By analysing thesc data one can nnd • gross relatIon aa plot­

ted in Pig. 4 , where the relat ive 

dependence of the lII.!I.Jti.UBI conl"1ne­

IIIIInt ti.e (ate ady stll t e density ) on 

!if- 15 plotted. This figure showII a 

reduction of the confinelllent t ilte 

with increasin~ shear, provIded that 

a destruction of thc .agnetic lIurfa ­

ce s CM "lie excluded . Our results do 

no t rule out , however . that higher 

val ues of shear eventua l ly will 111,­

prove the confinellll!n t pro~rt1e5. 

Flg. 4 , Relative varla­
tion of the con ­
f1 neMent tt.e't' 
vs . shear beIngi'l l.. 
represented lily -z-

Such e.x~rillents will IIIoeCOlM! poasi_le with our next .tellarator , 

WI1 c , Which w111 "lie equipped wi th two sets of hellcal W1 ndtngs. 

{ .. 2 and , a 3 , 40 that iota and 7- can ae varied indepen ­

dently of each other . 
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