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Abstract: The effect of whear on the confinement properties of
the Wendelstein Btellarator was studied and a strong influence

observed.

The WII a stellarator is equipped with f = 2 helical windings
producing a large rotational transform, (, (L= 1 corresponds
to 3600) on the magnetic axis and very low shear. For MHD stabi-
1ity the magnetic field has a mean magnetic well, typlcally
of a few per cent. Minima of the cenfinement time had bkeen
observed whenever the rotational transform was a rational
fraction of not too high an order /1/.+) Whatever their
cause, they are related to rational surfaces, being establi-
shed over a large part of the plasma cross section =imul-
taneously. Introducing some shear affects this state and
might cause these minima to disappear.

Equally directed currents in three
additional coils, as sketched in
Fig. 1 enable us to vary the shear
over a limited range. These coils

+)

Similar results were observed in
the L - 1 stellarator at the
LEBEDEV-INSTITUTE /2/, but there
the minima in confinement time
were obviously connected with A
destruction of the magnetic

Fig. 1: arrangements for
the coils
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are arranged coamially with the deviece; their magnetiec field,
Bs. vanishes on the magnetic axis /3/. Caleculations of the cor-
respending combined magnetic field configuration have shown that
the mean-minimum-B properties are only slightly affected By
varying the shear in this way, but that too large values of Es
lead to destructien of the magnetie surfaces.

The major and minor radii of the WIastellarator are 50 em and

5 cm respectively. The toroidal magnetic field Bo of 4.5 kG
was maintained throughout the whole experiment. A barium plasma
was generated by contact ionization on a tungsten sphere., The
lon-density and its radial profile were measured by resonance
fluorescence /1/.

In Fig. 2 the dependence of the steady state density on iota
for B! = 0 and for B=1> o is shown, with the input ion flux,

#, and the superimposed meridional field B kept constant. In
Both cases the magnitude of the shear ( ) is a funetion af

lota as shown on the top curves of Fig 2. with
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iota less than 0.14 extremely poor confinement is achieved;

we are inclined to attribute this particular fact there to

the break up of the magnetic surfaces as indicated by com-
putations. However, it should be noted that our present know-
ledge of the magnetic field structure for B5 # 0 is based on
calculations only. There is therefore still a slight possibili-
ty that the observed reduction of confinement time beyond iota
= 0.14% might also be caused by the above mentioned destruction
of the magnetic surfaces rather than by the effect of shear.

Consequently, another experiment was conducted where the direc-

tion of the additional field B_ W&S reversed so that the weak
shear originally inherent in the f = 2.f1eld could be compen-

sated 1n the average. Thne corresponding results are shown in
Fig. 3 . In this

case one observes o &gy

an imprevement in

the confinement C ]
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lota crosses a lower limit, i.e. fort<O0.1.

It should be noted at this point that the superposition of

B &lso leads to a small change of iota. Since the iota scale
p:esented on the curves in Figs. 2 and 3 is obktained ky means
of an en-line anologue computer which accounts only for the
main and the helical field currents, it 1s slightly incorrect
for BE ¥ 0. However, the true iota scale can easily be ob-
tained by following the displacement of the individual ma-
xima and minima.

Summarizing one may conclude that already for rather moderate
values of additional shear the amplitude Between the minima
and maxima is reduced, but so is the confinement time itself.
By analysing these data one can find a gross relation as plot-
ted in Fig. 4, where the relative . LS
depeandence of the maximum confine- ‘
ment time (steady state density) on
QHL is plotted. This flgure shows a N,
reduction of the confinement time
with increasing shear, provided that

A mE

a destruction of the magnetic surfa-

ces can be excluded. Our results do Fig. 4: Relative varia-
not rule out, however, that higher tion of the con-
finement time T
vs. shear being
represented by

values of shear eventually will im-

prove the confinement properties. ﬂL

Such experiments will become possible with our next ltellarator,
WII ¢, which will be equipped with two sets of helical windings,
{ =2 and £ = 3, so that iota end * can be varied indepen-
dently of each other.
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