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Landau damping in plasmas of equal ion and electron temperatures (alkali plasmas)
may prevent the formation of a shock. Shocks are produced when the ratio Te/Tf is in-
creased to about 8 or so by cooling the ions through i-n collisions.

We report in this note preliminary results
concerning the formation of steep wave fronts
(shocks) in a Q device. ' A schematic view of
the experimental arrangement is shown in Fig.
1(a). The plasma is produced by surface ioni-
zation of cesium atoms on a hot (-2500'K) tan-
talum plate, and is confined radially by a uni-
form and constant magnetic field of intensity
up to 10000 G. The plasma column, about 1
m long, is terminated at the opposite end from
the generating plate by a second tantalum plate,
which can either be heated up to -2500'K or
left at room temperature. A grid is inserted
at 30 cm from the generating plate, the plane
of the grid being normal to the B lines. The
grid consists of tungsten wires 2.5&10 cm
in diameter, spaced 3~10 ' cm. It is normal-
ly biased at -20 V with respect to the generat-
ing plate, and it absorbs most of the ions from
the plate, thereby producing a plasma density
distribution along the axis as indicated in Fig.
l(b). By suddenly varying the grid bias to ap-
proximately -2 V, the grid is "open, " i.e.,
its transmission to the plasma is strongly en-
hanced. Our measurements indicate that the
voltage pulse on the grid may vary its trans-
mission from -10 to -80&o. A similar technique
has already been used' to study the propagation
and damping of ion-acoustic waves in the cesi-
um plasma of a Q device. In the work of Ref.
2, however, the density modulation by the grid
amounted only to a few percent of its dc value
and was sinusoidal in time. In our present ar-
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FIG. 1. (a) Schematic diagram of the experimental
arrangement, and (b) density distribution along the
plasma column before "opening" of the grid.

rangement the "opening" of the grid is some-
what the equivalent of the breaking of the dia-
phragm in a conventional shock tube. It should
be noticed, however that (a) our experiments
are performed in alkali plasmas produced in
a manner entirely independent of the presence
of a shock, and (b) the ion and the electron tem-
peratures, T. and 7.'e, are approximately equal
(-2500'K) if the pressure of the neutral gas
in the device is kept sufficiently low (P(10-'
mm Hg). At higher neutral gas pressures one

may cool the plasma ions to about room tem-
perature while keeping Ts near 2500'K, there-
by achieving values of Te/Tf as large as 8 or
so.

In a first series of experiments we have in-
vestigated, by means of Langmuir probes mov-
able along the plasma column, the propagation
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of the plasma pulse produced by the sudden
"opening" of the grid, always keeping the neu-
tral gas pressure below 10-' mm Hg. At these
neutral pressures the condition T~ = Te pre-
vails. The plasma density was kept in the range
10"to 5&&10" cm '. In these conditions,
we have consistently observed a "spreading
out" of the pulse traveling away from the grid,
i.e., no clear indication of a steepening-up
of its leading edge. This point is illustrated
in Fig. 2, where curves are shown of n vs x',

the distance from the grid along the B lines,
with time after "opening" of the grid as a pa-
rameter. At all densities in the range 10"

10ix cm we have observed the same
behavior of the plasma pulse, the rate of spread-
ing being apparently independent of the plasma
density. This fact suggests that spreading of
the pulse is brought about not through collision-
al effects, which should be density dependent,
but by a collisionless mechanism. A "fluid"
picture, even when accounting for the viscosi-
ty of the ions through a viscous term as given,
for instance, by Braginski, s does not appear
to account for our observations. On the other
hand, a wave-particle interaction mechanism
(Landau damping) has the necessary features
to agree with our findings.

At this stage, we shall not attempt to com-
pare our results with the available theoretical
information on nonlinear Landau damping. We
present instead some experimental evidence
indicating that, for Te =T, it is Landau damp-
ing which subtracts energy from the plasma
pulse, thereby preventing the formation of a
shock. It is known4 that linear Landau damp-
ing of ion-acoustic waves is strongly reduced
if the ratio Te/T; is made much larger than
unity (say 10, or so). We have accomplished
the cooling of the plasma ions through i-~ col-
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lisions, by inserting in the plasma volume a
sufficiently large amount of neutral gas (He,
Ar, or N, ). This technique, as far as Q devic-
es are concerned, has already been demonstrat-
ed' and studied in some detail. In the present
experiment the actual cooling of the ions is
also demonstrated experimentally by record-
ing, at a fixed location in the plasma column,
the time of arrival of the plasma pulse as a
function of the neutral gas pressure. Typical-
ly, at neutral gas pressures P of the order of
10 4 to 10 ' mm Hg, when ion cooling is ex-
pected to begin, the plasma pulse starts being
delayed, the delay increasing (up to some lim-
iting value) with increasing p. An additional
check is obtained by comparing, for instance,
the experimental results obtained with He and
N, as the neutral gas. We find that the pres-
sures at which the pulse begins being delayed
are, in the two cases, in approximately the
ratio mN /mHe.

Ion cooling being achieved, with Te still close
to 2500'K, elimination of Landau damping should
allow the formation of a steep leading edge
(shock) of the plasma pulse. We have very clear-
ly observed a steepening effect in all cases
so far investigated. It has been possible to
follow in detail the process of "sharpening up"
of the leading edge of the plasma pulse as it
proceeds along the column [Fig. 3(a)]. We have
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FIG. 2. The plasma density n vs x, the distance
from the grid along the axis of the column, at several
times after opening" of the grid (B=10000 G; n = 10 ~

cm 3 p=10 5 mm Hg).

FIG. 3. (a) n vs t (from oscilloscope traces) for x
=30, 40, 50, 60, and 70 cm. [n =10 cm 3; B=10000
G; p(A) =5&10 4 mm Hg]. (b) The shock thickness At
at x= 60 c.m as a function of the plasma density ahead
of the shock [B=10000 G; P(He)=10 mm Hg].
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also measured the (limiting) thickness of the
shock as a function of plasma density. At pres-
sures p = 10 ' mm Hg, with Aff &I &A;n, I be-
ing the thickness of the shock and &ii and &in
the i-i andi-n collision mean free paths, re-
spectively, we expect l to be determined en-
tirely by Af, , i.e., I - 1/n. That this is the case
can be seen from the data of Fig. 3(b), where
l is shown as a function of the plasma density
n ahead of the shock for a He gas pressure of
-10 ' mm Hg.

In conclusion, our results indicate that in
plasmas of comparable ion and electron tem-
peratures Landau damping prevents the forma-
tion of a shock wave by overcoming the sharp-
ening effect of the nonlinearities. Landau damp-
ing can, however, be "switched-off" by increas-

ing Te/Tz from unity to about 10 or so. Fur-
ther details on our measurements will be pre-
sented at a later date.

Finally, it should be noted that our results
may be relevant to shock formation in inter-
planetary plasmas.
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The coexistence curve of 3He has been measured by a dielectric constant technique in
the neighborhood of the critical point. The parameters in the relation [ (p —pc)/pc ~

=A[(Tc T)/Tcj~ are -found to be pc =0.04134 g/orna, Tz =3.3095'K, A=1.323, and P
=0.362. Our value of T& is some 14 mdeg lower than previous measurements indicate,
and our value of P more nearly in agreement with values characteristic of other fluids
than was previously found.

The coexistence curve of a fluid near the liq-
uid-vapor critical point can be described by
a relation of the form

where p is the critical density and T the crit-
ical temperature. ' Recently, there has been
considerable interest in determining the param-
eters in this relation with improved precision. '
For "ordinary" fluids such as xenon' and car-
bon dioxide, '

P is found to be close to —,'; how-
ever, for the light elements 'He, 'He, and H„
larger values have been reported. ' ' This ob-
servation prompted the suggestion' "that the
value of t) might be affected by quantum devi-

ations from the law of corresponding states. Re-
cent work by Roach and Douglass" casts doubt
on this suggestion. They find that for 'He, P
=0.352+ 0.003, which is to be compared with
an earlier estimate' of 0.46. Such quantum de-
viations, if present, should be largest of all
for 'He. We have accordingly measured its
coexistence curve by means of a dielectric con-
stant technique, using an improved version of
an apparatus previously described, "and find

P = 0.362+ 0.001. Any such deviations are there-
fore substantially smaller than earlier data
suggested. We also find that T~ is some 14
mdeg lower than previously reported. This
correction is largely responsible for our small-
er value of P, since far from the critical point
our data agree well with the results of others. ""
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