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Table II. Suggested values (eV) of I.I-level ener-
gies for elements with atomic number from Z = 8

to Z = 23. Interpol. ated energies, given to the near-
est electron volt, should be regarded as tentative.
For some elements the level energy may differ by
several electron volts for different source forms.

studied in more detail. There is good reason
to believe that these measurements can be ex-
tended to even lower Z values as mell as to
more peripheral shells, in particular to the

band structure of the outermost levels.
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revised by as much as 30 and 26 eV, respec-
tively, which on a relative scale corresponds
to about 40 percent. The tentative identifica-
tion made by Townsend for the Mg Ly level is
in fair agreement with our results, whereas
the oxygen LI level is only within about 50 /q

of the measured value. These revisions imply
that tabulated I.I energies of the whole series
of elements with atomic number smaller than
Z = 24 (chromium) have to be revised since they
are obtained by an interpolation, based on
aluminum and magnesium.

Suggested values for the I I energies of the
elements oxygen (Z = 8) up to and including va-
nadium (Z =23) are given in Table II. The
quadratic interpolation that has been made has
a discontinuity at the closed 2P shell of neon.
All these energies will be subject to direct
electron spectroscopic measurements, and
possible chemical shifts of the levels will be
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A recent paper by Peshkov' reported the ob-
servation of superfluidity' ~ in low-pressure
liquid He' with a transition temperature at about
5.5 mdeg (1 mdeg=10 3'K). Peshkov measured
the heat capacity of a mixture of powdered ceri-
um magnesium nitrate [CeMg(NO, ),] and liquid
He' and found a bump on the heat capacity curve
at about the above temperature. The word
"superfluidity" in the present context is meant

to describe a state of the He' in which its prop-
erties are radically different from those of
the Fermi liquid.

Working independently of Peshkov, we also
measured the heat capacity of a mixture of
CeMg(NO, ), and He' using an apparatus simi-
lar in essentials to one described some time
ago. ' We found no anomalous results down
to about 4 mdeg on the magnetic temperature
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scale. The principal differences in the appara-
tus, comparing our work with that of Peshkov,
were that the ratio of He' to CeMg(NO, ), was

about six times greater, that the grain size
was 10-50 times greater, and that the heater
was located entirely internally. However, in
view of the difficulties in proving thermal equi-
librium and in relating the magnetic and Kel-
vin temperatures, we felt that the heat-capa-
city results were not conclusive.

According to theory ~' the transition to the
superfluid phase should be accompanied not
only by a discontinuity in the specific heat,
but also by a decrease of the nuclear suscep-
tibility in the case of even orbital-momentum
pairing of quasiparticles. Recent work of Bali-
an and Werthamer' indicates that for l =1 pair-
ing there is also a drop in susceptibility, so
it may be that the susceptibility would deviate
from constancy for all types of pairing. The
transition should also be accompanied by an
abrupt decrease in the transport coefficients. '

To rule out uncertainties in thermal equili-
brium and thermometry, it would be highly
desirable to measure one property of He'
against another. The simplest pair are the
nuclear susceptibility, g, and the self-diffu-
sion coefficient for the magnetization, D, which
are readily measured using the spin-echo meth-
od. The only experimental change required to
shift from measurements of one to the other is
to switch on an external magnetic-field gra-
dient to measure D and to switch it off to mea-
sure y. Experimental measurements' of D
and X in low-pressure He' have been carried
out previously down to 22 mdeg, and the re-
sults, in agreement with the predictions" of
the Fermi liquid theory, show that at low
enough temperatures the susceptibility is in-
dependent of T and the diffusion coefficient
obeys the law D = AT ', where A is a function
of pressure only. Hence one might expect to
use D '" as a quantity linearly proportional
to the Kelvin temperature at lower tempera-
tures. Since D may be reduced from its value
as extrapolated from higher temperatures due
to some scattering mechanism unimportant
at higher temperatures, the true temperature
might be lower than the value deduced from
D '". One might object to the procedure of
measuring g against D as a test for super-
fluidity on the basis that y might be unaffected
or only weakly affected by the transition. How-
ever, measurements of D only as a function
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Fla. 1. Nuclear susceptibility y and self-diffusion
coefficient for magnetization D as functions of mag-
netic temperature T*.

of time may be meaningful in this connection,
for one would expect D to increase with time
if the initial temperature after demagnetization
were below the transition temperature. In the
present experiments D has always decreased
with time following final demagnetization.

Results of the measurements for tempera-
tures less than 10 mdeg are shown in Fig. 1. De-
tails of the experiments, methods of refriger-
ation, and more complete results over a wider
temperature range will be published elsewhere.
The input He' gas had a He' impurity of (2 x l)
parts per million, and runs were made at
pressures of 14.6 cm Hg and 26.8 cm Hg. The
D and y measurements were correlated by
means of the magnetic temperature T* of the
CeMg(NO, ), powder used for final cooling of
the He'. The lowest temperature on the D
scale was about 3.5 mdeg, corresponding to a
magnetic temperature of about 3.6 mdeg. The
y values show a rather smooth decrease of
several percent as the temperature drops.
This change can be accounted for on the basis
of a shift of the static magnetic field due to
the induced dipolar field of the CeMg(NO~)6,
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and hence does not represent a real decrease
in the nuclear susceptibility of the He'. %'e

therefore conclude that there is no transition
to a. superfluid state in He' above 3.5 mdeg.
With a low-temperature limit of about 4 mdeg,
this conclusion is supported by measurements
of heat capacity and spin-lattice relaxation
time which will be reported elsewhere.

The above results lead us to believe that
the heat-capacity anomaly reported by Pesh-
kov is not a property of bulk He~. A further
discussion will be given in a paper to be sub-
mitted shortly for publication.

*Work supported by the U. S. Atomic Energy Com-
mission.

~V. P. Peshkov, Zh. Eksperim. i Teor. Fiz. 46,

1510 (1964) [translation: Soviet Phys. —JETP 19,
1023 (1964)].

2L. P. Pitaevski, Zh. Eksperim. i Teor. Fiz. 37,
1794 (1959) [translation: Soviet Phys. —JETP 10,
1267 (1960)].

K. A. Brueckner, T. Soda, P. W. Anderson, and
P. Morel, Phys. Rev. 118, 1442 (1960).

4V. J. Emery and A. M. Sessler, Phys. Rev. 119,
43 (1960).

5A. C. Anderson, G. L. Salinger, W. A. Steyert,
and J. C. Wheatley, Phys. Rev. Letters 6, 331 (1961).

6P. W. Anderson and P. Morel, Phys. Rev. 123,
1911 (1961}.

~T. Soda and R. Vasudevan, Phys. Rev. 125, 1484
(1962).

R. Balian and N. R. Werthamer, to be published.
~V. J. Emery, Ann. Phys. (N.Y.) 28, 1 (1964).

~ A. C. Anderson, W. Reese, R. J. Sarwinski, and
J. C. Wheatley, Phys. Rev. Letters 7, 220 (1961).

~D. Hone, Phys. Rev. 121, 669 (1961).
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In the past few years significant progress
has been made toward the stabilization of plas-
mas against hydromagnetic disturbances by
using suitable magnetic configurations. " This
progress has made more urgent the conquest
of a second broad class of instabilities which
limit densities and containment times in fusion
experiments; viz. , microinstabilities.

It has been known for some time that in an
infinite homogeneous plasma in a uniform mag-
netic field electrostatic waves may be unstable
if the velocity distribution function is sufficient-
ly anisotropic. The criteria. for this instabil-
ity have been examined in considerable detail. ' '
Recently, Rosenbluth and Post' have shown that
distribution functions of the form f(vz, ~ t~) which
vanish for vz-0 can be unstable (e~ and ~

~~
are

the components of velocity perpendicular and
parallel to the magnetic field). Because distri-
butions of this form are a natural consequence
of mirror confinement and of loss mechanisms
such as charge-exchange reactions, these in-
stabilities may be quite serious in fusion ex-

periments. However, in the approximate dis-
persion relation of Rosenbluth and Post, only
those waves for which k

~~
v 0 are unstable (k

~~

is the component of the wave-propagation vec-
tor parallel to the magnetic field). There is
reason to believe that these waves will be strong-
ly damped in the region of the mirrors where
the plasma density falls to zero. Thus the pes-
simistic predictions made for an infinite homo-
geneous plasma may not prove correct for lab-
oratory plasmas of finite size.

It is the purpose of this note to point out that
if some of the approximations made by Rosen-
bluth and Post are not made, then unstable waves
with A

t~

= 0 can exist. Such waves do not prop-
agate toward the mirrors and therefore are
not damped either by the effect of the density
gradient noted above or by Landau damping from
cold electrons moving along the magnetic field.
The limit imposed by finite machine length,
as described by Hall, Heckrotte, and Kammash,
may not be applicable in this case. We also
show that if the distribution of perpendicular

131


