i.e., of non-coherence.
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"smearing' of the second-

Large fluctuations in the ordering parameter, which lead to the
order phase transition over a certain temperature interval, should occur near the ecritical tem-
perature Tc' In the case of a superconductor, these are fluctuaticns of the "effective wave
function" of the Ginzburg-landau theory [1] or, from the point of view of the microscopic the-
ory, fluctuations of the energy gap 2A(T).

The question of density fluctuations of the superconducting electrons that should be
present when T > Tc and, as it were, anticipate the superconducting transition, was raised al-
ready in {2], where the possible effect of the fluctuations about Tc on certain characteristics
of the superconductor were discussed.

It is known, however, that in pure homogeneous superconductors the transition to the

normal state is very abrupt. The temperature region AT near Tc’ in which IAYIE is comparable
with |¥|?, amounts in accord with [3] to AT ~ 10~1* _ 10715 °K. A similar estimate of the
width AT of the region of the logarithmic singularity in the temperature variation of the
specific heat near the transition point was arrived at by the authors of [&].

So narrow a phase-transition region is attributed to the fact that the fluctuations of
¥ in pure superconductors are strongly "suppressed.” Actually the fluctuation probability in-
creases exponentially with decreasing volume, but to realize the fluctuation in a small volume
of a large superconductor it is necessary to have a large gradient of Y. This reduces greatly
the fluctuation probability, which decreases exponentially with increasing (A¥)®. Thus,
fluctuations with small gradients should encompass large volumes of matter and have therefore
low probability, while fluctuations in small volumes are accompanied by large gradients and
have therefore likewise low probability.

The purpose of this investigation was to show that there exists an object for which the
fluctuations of ¥ may turn out to be appreciable., These are superconducting particles of a
size small compared with go (the dimension of the Coocer pair). If, starting from physical
considerations, we cut off the Fourier-integral expansion at a wave number éal, then it is
easy to show that when IYIZ is calculated for such particles it is possible to neglect the
gradient term, and the expression for the free-energy density in the absence of a magnetic
field takes the form [1]

- - 2 Blyla
OF = F, - Fno—a.l‘i’l +2M (1)

Since this expression has been written out without the kinetic-energy term (%2/2m) |av|Z,

the states ¥ and Y¥ are physically indistinguishable and therefore we shall regard ¥ as real.
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The probability of fluctuation of the quantity ¥ will, in accord with the Boltzmann
principle, be w ~ exp{-AFV/kT), where V is the volume of the particle. Then

¥ . L JET B - ay-L ;
¥ ’2@% Z—G'\/BKT’ @=aT- 1) (2)

Here 25(2) is the parabolic cylinder function.
large fluctuations of the quantity ¥ lead to the appearance of an anomalous variation of
the specific heat near Tc' If we calculate the specific heat by the method proposed in {5],

we obtain the following expression

_ 1 1 5E z) D_ (z
Cp = Oy 200, (L F FEAG - = FAE, &)

where Cp is the specific heat in the normal state. A plot of Cp(T) given by (3) is shown in
0
the figure.

Lplpo From (3) and from the figure it follows that the tem-
wp = perature region AT near Tc’ where the fluctuations give rise
to an anomalous behavior of the specific heat, is deter-
mined by the relation |z| ~ 1, i.e., AT ~ Tc(k/VAcp)1/2 s
a5t vhere AC, = aETc/B is the jump in specific heat in the
transition point. For lead particles with dimension ~107¢
cm we have

1%, T AT ~ 0.7°K
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(T, = 7.2°K, ACP ~ 10% erg/deg-cm®).
Tt follows from (3) that only the width of the transition region depends on the volume
of the particle. The asymptotic behavior at large ,zl will be as follows: Cp = Cp + ACP/2z2
0

when z >> 1 and C C, * ACp(l + z2/2) when z << -1.

The resultspobtai%ed should be treated with cauticn, since the expansion (1) is apparent-
ly not valid in the direct viecinity of Tc’ where the fluctuations of ¥ are large, i.e., in the
region Izl < 1. However, the asymptotic estimates for |z| > 1 are perfectly reliable.

Similar results are obtained for finely-dispersed superconductors and in investigations
of phase transitions based on the magnetic field. It is known from experiment [6] that the
magnetic moment of colloidal superconducting particles does not vanish at the critical mag-
netic field, but attenuates gradually as the field increases above critical. This phenomenon
has hitherto been explained as due to the differences in the dimensions of the colloidal parti-
cles, which results in a certain scatter in the values of the critical magnetic field. It is
clear now that besides this effect there should exist also the smearing of the transition by
the occurence of fluctuations, a fact that must be allowed for in the interpretation of the
corresponding experiments.

In conclusion we note the following circumstance.

The theory of the phase transition in a superconductor (7], based on the use of the BCS

model Hamiltonian, does not lead to singularities of the specific heat at the transition point,
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but to a finite discontinuity. A more accurate account of the interaction between the elec-
trons in the superconductor should lead to the appearance of a singularity in the specific
heat at the transition point [4]. 1In a bulky superconductor, however, as indicated above,
the temperature interval near Tc’ where this singularity becomes noticeable, is so small that
an experimental investigation of this vhenomenon is impossible. The calculation presented
shows that for finely-dispersed superconductors this temperature interval increases by many
orders of magnitude and can reach values of the order of one degree. An experimental investi-
gation of this phenomenon would contribute to a refinement of our ideas concerning the inter-
action between electrons in a superconductor.

I am deeply grateful to V. L. Ginzburg and D. A. Kirzhnits for help and an evaluation
of the work.
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1) We expand ¥ in a Fourier integral, ¥ = fYq exp(ia-;)da. The wave vector g corresponds
to the pair momentum Nq. The condition for pair stability is ﬁqvo < 2&0, where 2AO is the

energy gap at T = O and v, is the electron velocity on the Fermi surface. Consequently

0
q < 2 /hvy ~ £
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It is known that the viscosity and thermal conductivity of gases with nonspherical mole-
cules changes in a magnetic field [1-6]. The effect is attributed to the fact that precession
of the magnetic moments of these molecules in the magnetic field increases the effective cross
section for their collision, and consequently decreases the transport coefficients [7-9]. At
constant temperature this effect is a single-valued function of the ratio of the magnetic field
to the pressure. It would be natural to expect an analogous effect of the electric field and
the transport coefficients of polar gases with nonspherical molecules. We have therefore un-

dertaken investigations of the influence of an electric field on the thermal conductivity of
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