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Our assertion is that

82(10gz*)/aJklaJrs 20 (5)

in general, even when all Jp7>0.

To prove this consider a lattice with only three
spin locations, with Jy,,J,3#0, J,3=0.

The operators P,,, P,; are represented by a
2%=8 dimensional representation of S;, and this
reducible representation decomposes into four
l1-dimensional and two 2-dimensional irreducible
representations according to

g8={31+{2, 12 (6)
For these representations we have

{3}31)12 =Py =(1),

f2,1}:p, = ((1) _2), P,, =<j§ %’?> (1)
and the eigenvalues of J,P,, + Jp;P,, are there=-
fore

f3}:d o+ s,

12,1} £ (J 2= T + Jps2)M2. (8)
Hence we have

* = 4[62(‘]12 + st)

+cosh2(J12 2 —J13953) ] (9)

and it follows that

3%(logZ*) _

200y, Wt <0 (10)

for J,,, J,s sufficiently small and positive (Scra-
der®). Hence Griffiths’ theorem II cannot be true
when posed in its most general form, although

it is not known whether additional conditions can
be imposed to restore it. This result has the
important consequence that a simple proof of the
existence of a phase transition cannot be con-
structed for models with long-range (ferromag-
netic) bonds in an arbitrary number of dimen-
sions, once it is known that a phase transition
exists in a sufficiently simple case. For the
Heisenberg model, in contrast to the Ising model,
even this fact is not known to be true, so that the
type of argument used by Griffiths for the Ising
model does not go through for two reasons.

It is clear that further investigation is neces-
sary to understand the reason for the breakdown
of this important theorem in such a simple situa-
tion, and to see whether there are in more real-
istic situations, when intuition seems to require
it to be true, additional conditions to make it
work.

In the more detailed account referred to earli-
er it will be shown that Griffiths’ theorem I,
which asserts that (-67)> 0, is true, even
when an external magnetic field is present.
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SUPPRESSION OF A “DRIFT-TYPE” INSTABILITY IN A MAGNETOPLASMA
BY A FEEDBACK TECHNIQUE
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(Received 28 April 1969)

This paper presents the experimental details and the results obtained when using a
feedback system to suppress drift instabilities present in a magnetoplasma.

One of the problems in fusion research in re-
cent years has been the possible correlation be-
tween anomalous diffusion and the presence of
finite-amplitude instabilities in the plasma.

Most fusion experiments are designed so that the
effect of such a correlation is minimized. The
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usual method of achieving this object is by using
complex containing magnetic fields. Another
way, however, has been proposed,! in which a
feedback method is employed in order to stabi-
lize the instability in the plasma system. The
method essentially relies on being able to detect
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the presence of an instability and then arranging
a feedback of the signal with the correct ampli-
tude and phase such that an external constraint
is applied to the plasma in order to damp out the
instability. This technique has already been
demonstrated fairly successfully on the flute in-
stability? and has also been predicted for the
drift instability.® In this paper we report some
experimental results obtained from employing
this method on a “driftlike” instability.*

The success of any feedback method depends on
how well the feedback constraint has phase co-
herence with the detected instability. Therefore,
care has to be taken that the time delay in the
external feedback loop is not longer than the co-
herence time of the instability and also that the
detector and the exciter are not farther apart
than a spatial coherence length.

The experiments we performed fell into two
categories: (i) those establishing that a feedback
method does in fact work for driftlike instabil-
ities and concerned with the characteristics of a
given feedback system, i.e., the effect of loop
gain and phase shift in the loop, and (ii) the ef-
fect of suppression and enhancement of the in-
stability on the steady-state properties of the
arc together with establishing the effect of one
or more separate feedback systems.

The plasma used in our experiments was a hol-
low-cathode arc discharge running in argon.®
Typical parameters of the plasma are an elec-
tron temperature of ~5 eV, a density ~10*% cm™3
and an inverse scale length (1/n,)dn,/dv =0.70
+0.05 cm™! for an axial magnetic field of 1 kG.
Most of the feedback experiments were performed
using an instability whose frequencies lay in the
range 5.0-8.0 kHz. The basic properties of this
instability were established by measuring the
azimuthal variation of phase, the radial varia-
tion of amplitude, and the axial wavelength, etc.
The instability was found to have an axial wave-
length longer than the apparatus and an azimuth-
al mode number which was predominantly m =+1.
The instability was identified as a radial electric-
field-driven “drift-type” instability.*

One of the noise characteristics of the low-fre-
quency instabilities (w « ;, the ion cyclotron
frequency) is that the ions take part in the coop-
erative motion of the wave, and in order that
these ion density fluctuations were detected, an
ion-biased probe was used for detection of the in-
stability. The feedback loop consisted of a wide-
band amplifier with variable gain, a phase shift-
er capable of phase shifts of up to 450°, and a

2

system of power amplifiers and similar phase
shifters arranged so that power could be supplied
to up to four plate electrodes situated at the edge
of the plasma. The signals on these plates were
phased such that separate azimuthal modes m
=0, +1, +2 could be fed back into the plasma. The
best stabilization was achieved for each separate
feedback loop when it was linked to only one
driving plate. The effect of the feedback was ob-
served by displaying on a spectrum analyzer the
output from a separate axially moving ion-biased
probe. Figure 1 shows the effect of the feedback
when suppressing or enhancing the instability.
Figure 1(a) shows the instability without feed-
back; Fig. 1(b) illustrates the effect of the feed-
back for optimum suppression of the instability;
Fig. 1(c) shows the enhancement achieved when
inserting a phase shift of 180° in the feedback
loop after it had been set for the optimum sup-
pression.

A detailed study was made of the effect of gain
and phase shift in the feedback loop on the ob-
served amplitude of the instability. This is il-
lustrated in Fig. 2. Figure 2(a) shows the output
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FIG. 1. Spectrum-analyzer output showing the insta-
bility at 5.5 kHz for (a) no feedback, (b) optimum feed-
back for suppression, and (c) optimum feedback for
enhancement.
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FIG. 2. The variation of the instability amplitude
with both gain and phase in the feedback loop.

proportional to the ion density fluctuations as a
function of the phase change in the feedback loop
set at the optimum gain level (i.e., that gain at
which it was possible to get maximum suppres-
sion). It is seen that there is a minimum at a
relative phase shift of =90°, while there is a
maximum and a net gain in the instability level
at a phase shift of +90°. Figure 2(b) shows the
density fluctuations as a function of gain when
the phase is set for a minimum level (i.e., =90°).
It is seen that at this phase setting, below a cer-
tain loop gain the feedback has a stabilizing ef-
fect while above it the system becomes progres-
sively more unstable. At the setting of gain and
phase in the feedback loop for a minimum level
we checked, by moving the detecting ion-biased
probe both radially and axially, that the signal
was always at the same level. In some cases a
single feedback loop was found to be incapable of
completely suppressing the instability. In these
cases suppression was found to be improved by
increasing the number of separate feedback loops.
Once the conditions for the suppression of the
instability had been found, the effect on the den-
sity and the temperature profile was studied,
when the instability was present and when it was
“switched off.” These profiles were measured
using a radially moving double probe.® These
measurements are shown in Figs. 3(a) and 3(b)
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FIG. 3. The effect of the removal of the instability on the radial profiles of density and temperature.
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for a single feedback loop system.

The theory has been worked out for a general-
ized feedback network concerned with an applied
electric field from external plates.! However,
this theory cannot be readily used in this case
since the exciter plates are in good electrical
contact with the plasma and so direct density per-
turbations as well as electric field perturbations
must be included in the theory in order to de-
scribe these results. The main effects of the re-
moval of the instability were that the density pro-
file was “sharpened up” and that an inhomogene-
ity in the temperature profile was removed. The
radial position of this temperature inhomogeneity
corresponded to the maximum in the amplitude
of the instability. When the instability was sta-
bilized, it was seen that the density was higher
at the center and fell off faster in the “wings”
rather than when the instability was present.
This is caused by the fact that the current in the
arc column is stabilized at a constant value. The
effect of this constraint is to make the total cur-
rent density J=¢/ 21m(r)V“(r)rd'r =const, where
e is the electronic charge, n(r) is the density,
and V() the parallel electron velocity at a par-
ticular radius » of the column, Assuming V ()

falls off in a monotonic manner, any decrease in
the cross field diffusion constant D, would mani-
fest itself by increasing the density at the center
and decreasing it in the wings. This is observed
experimentally when the instability is suppressed.
Therefore it is inferred that suppression of this
instability reduces the cross-field diffusion rate,
but in the absence of a suitable theory to de-
scribe the dynamics of the arc column it is not
possible to ascribe a value to the change in the
diffusion constant.
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QUASIELASTIC RAYLEIGH SCATTERING IN NEMATIC LIQUID CRYSTALS*
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Using a light-beat laser spectrometer, we observe the relaxation of the thermally ex-
cited fluctuations of anisotropy in the nematic phase of p-azoxyanisole. We identify the
two low-frequency purely dissipative modes recently predicted. A first study of the an-
gular dependence of the width of these modes allows a determination of three among the

six viscosity coefficients introduced by Leslie.

In 1948 Chatelain! made the first investigation
on the intensity of the light scattered by a nemat-
ic monocrystal; his most interesting result was
the observation of a very strong depolarization
in small-angle scattering. De Gennes? has re-
cently explained these results in terms of low-
amplitude thermally excited fluctuations of the
nematic direction of molecular alignment (i.e.,
the “director”). A computation of the dynamical
behavior of these fluctuations shows that they are
dominated, for the light-scattering properties,
by two purely dissipative low-frequency modes.®
In this Letter we report on the first observation
of these modes, by spectral analysis of the quasi-

elastic scattered light from a nematic liquid mo-
nocrystal.

Let us recall the main results of the theoreti-
cal study®: 1, is the average nematic director,
and 6i1(Q) its fluctuations as a function of wave
vector . 0l can be decomposed into two uncou-
pled components: (a) 61, in the (g, ;) plane, a
combination of “bending” and “splay” deforma-
tions*; and (b) 6fi, perpendicular to the (§,,)
plane, a combination of “bending” and “twist” de-
formations.* For the usual nematic materials,
these modes are purely relaxational with Lo-
rentzian spectral densities of half-width #g1 and
ug9 (angular-frequency units). Assuming that pi-

1361



O 5-5KHz

) Holl d R~

Ul L

O 5-5KHz
Dispersion | KHz/cm
FIG. 1. Spectrum-analyzer output showing the insta-
bility at 5.5 kHz for (a) no feedback, (b) optimum feed-
back for suppression, and (c) optimum feedback for
enhancement.



