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The effect of order-parameter fluctuations on the
thermodynamics of a "zero-dimensional" super-
conducting particle (diameter 1.«$(T), where $(T)
is the temperature-dependent coherence length)
was recently studied in Refs. 1 and 2. In both of
the above-ment oned papers, the partition function

Q was calculated in the generabzed Landau-Ginz-
burg (GLG) formulation, in which one has, for the

~ zero-dimensional case,

Q=f e '"'d p, (I)

where P= I/ittt T, and E(P) is the Ginzburg-Landau
(GL) free energy,
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In Ref. 1, the results of the GLG calculation with
coefficients given, as usual, by

st=st&, b= const. , c= 0 [a-=(T —T,)/T, ]
(3)

were compared with the results of a static approxi-
mation based on microscopic theory. For the latter
treatment the effects of the discreteness of the
electronic levels, due to the finite grain size, were
also approximately taken into account, using an
equal-level-spacing model, The results obtained
in this way below T, and outside of the critical re-
gion are different from that of the GLG theory,
even for grain sizes such that the level splitting at
the Fermi energy 5„ is much smaller than k»T,
(see Fig. 6 of Ref. I). It is claimed that "away
from T„ the GLG result fails to adequately de-
scribe the quasiparticle contribution while the

equal-level result approaches the bulk behavior as
expected. " This conclusion contradicts the result
of a detailed discussion in Ref. 2 on the range of
validity of the GLG theory.

In this paper we wish to point out a minor incon-
sistency in the derivation of the specific heat C(T)
in Ref. 1 and, more importantly, to show that the
results obtained with the GL and GLG theories
with coefficients given by Eq. (3) should not have
been expected to agree with the microscopic cal-
culation. In fact, a more careful GL-type ex-
pansion is sufficient to achieve such an agreement.

It is well known that under the usual assumptions
of Eq. (3) the GL theory gives the correct specif-
ic-heat jump at T, . However, to obtain C(T) in
any finite. temperature range below T„one has to
take into account 0(& ) terms in a{T), 0(e:) terms in
b{T) and the magllltllde of c at T . From the ml-
cxoscopic theory of Ref. 1, one finds

a = n T' I(nT/,T), ,'b = n T '-its l (3), —

sc = —ct T'4r l'(5),
where n is a constant. One then obtains
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nc

GT pg T

where AC is the specific-heat jump at T, . This
result is in agreement with the microscopic theory.
However, under the assumptions of Ref. I [Eq. (3)
above], one gets

C



When fluctuations axe taken into account, the Gl.
jump is spread over a reduced-temperature re-
gion

c, = keT, /(a /2b)1 (we assume e, «1),
i.e. , for I & I» &, the GL result is recovered. For
c « —e„ this result is given by Eq. (6) or Eg. (6),
depending on the assumptions made on the coeffi-
cients a, 5, and c. The result obtained in Ref. 1
for « —c, [Eq. (2. 13) therein] is

C(T)=~C
~
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~

(8)

giving a slope larger by a factor of 4 than in the
appropriate Eq. (6) or Eg. (11b) of Ref. 2. This
is due to the approximation T/T, = 1 made in Ref. 1.
This approximation is good enough to give the spe-
cific-heat jump but not the specific-heat slope near

T, . The correct expression for C(T) in the model
of Eq. (3) was given in Ref. 2.

To suIQIQarlze~ in Ref 1 lt %'Rs found thRt the
GLG expression, which led to the above Eq. (8),
did not agree with their microscopic calculation,
which also included the discreteness effect. How-
ever, for c,«1 this discrepancy is simply due to
inconsistent approximations made in the GI G treat-
ment of the microscopic theory and not to any small-
size quasiparticle effects. For &, & 1 the discreteness
effect might hRve R slgnlflcRnt lmpRct on the thex'-.
modynamic properties, and the methods of Ref. 1
may be adequate to compute them. However, to
appreciate the significance of this effect more
closely, the results should be compared with the
appropriate GLG treatment.

We would like to thank Dov Bursztein for dis-
cussions on this subject.
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Positron-annihilation angular-correlation measurements have been madan- compressed pellets of
powdered SiO, . The results show an anomolously strong magnetic quenching of orthopositronium

which disappears with the removal of chemisorbed water.

The formation in finely divided silicon dioxide
powders of substantial amounts of positronium
with lifetimes approaching that ef free positroni-
um have been previously reported. We report
here the effect of the pxesence of surface water on
the magnetic quenching of positronium in these
powders.

The angular- correlation-measurement appara-
tus has been previously described. The detector
slits subtended an angle of 0. 6 mrad. The total
number of coincidence counts per point recorded
at the maximum ranged from a low of 6000 for
H=O kG up to more than 10000 for H=12 kG.

The sample was placed in a stainless-steel con-
tainer and inserted between the poles of an elec-

tromagnet which provided a magnetic field per-
pendlculRx' to the plRne of the detectox's. SpeclRl
care was taken to ensure that no positrons could
annihilate in the walls of the sample chamber re-
gardless of the magnetic field. Contributions from
the empty sample chamber were found to be nil.
Two nearly identical samples were prepared by
compressing silicon dioxide powder with a mean
particle diameter of 50 A into cylindrical pellets
~ ln. ln diameter and 0. 07 in. thick. These pel-
lets were produced with a pressure of approxi-
mately 4 tons/in. and the resultant density of both
pellets was 0. 6 g/cm'.

The experimental arrangement is shown in Fig.
1. Not shown in the figure are adjacent lead slits


