mean free path. On the other hand, if the state is currentless, then an increase in the mean
free path leads to a decrease in the corresponding component of the electric conductivity (a
diffusion situation is realized on the basis of new states, see the derivation of formula (3)).

The authors are grateful to V. G. Peschanskii for acquainting them with his results
prior to publication.
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It is well known that the experimental data for different properties of the so-called
anomalous superconductors (which include primarily Pb, Hg, Nb, and NbN) are in poor agreement
with the theoretical formulas obtained in ordinary superconductivity theory (see [1]). In
these superconductors, the electron-phonon interaction is not weak and consequently the ratio
"TIJQ (6 - Debye temperature) is not negligibly small (for example, nTk/e ~ 0.25 for Pb).

The ratio A(o) /’.’I’k and other characteristics of anomalous superconductors were calculated
in [2] numerically and in [3] analytically on the basis of the Froehlich model, which takes
direct account of the interaction of the electrons with the lattice.

Ve consider here the jump of the specific heat on going from the superconducting to
the normal state, and the behavior of the thermal conductivity near Tk for superconductors
with strong coupling.

We write the equation for the self-energy part Z.(mn, T), describing the pairing of the

electrons [4]:

2 rd
® o, T) (1)

T
S(w,,T) = ——g? T [dk : :
(27)3  @n 0l (o, -0, )? 2142V 0)+E43 o ,T)

® = (2n + 1)xT, w - phonon energy. The term ~w§ '72/w? in the denominator of the intergrand

(1) is the result of the I-dependence of the function Z1(<Dn: T) which describes the scatter-
ing (we shall not write out the corresponding expression in detail). By regarding the addi-
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tion to Z;, due to I, as a perturbation we obtain the term‘vmi'zz/wz. The scattering pro-
cesses lead essentially to a renormalization of the chemical potential and to an attenuation
which is significant only in the direct vicinity of T, and when w; ~ 0 [4]. We seek the
solution of (1) in the form

k

(w0, T) =Xy +3°; S,=C(T) --_2._."1______, (2)

I < Z,» and the function ¢(T) = (o, T) is calculated with the aid of (1).
To find the sought function C(T) as T ~ Tk’ we investigate the following equation,
which follows from (1):

2 Hw,TVC 2
© e T =T 5 fdk -
. wl o+ £2 1T=T, w - w?

X

T3 [dk -
w, ) +m3 + ol

(3
S(w,, T)/C

x
m’f:(lq- y22/w2) + {"2+22(w""T) IT-T,

Near T, we have Zywn << 1l. We carry out the appropriate expansion in the right side of

k
(3) and solve the resultant equation (the function Z' = Z(wn, T - Z, is calculated with the
aid of (1)). The energy gap, determined with the aid of the equation w = E(-n»% is equal to
A 1 T
~ura.r, =all-——)n
T k T,

In the weak-coupling approximation, as is well known, @ = 3.06. 1In our case a is de-
termined during the course of the solution of (3); the corrections turn out to be of the
order of (ka/G)a. A quantitative calculation was made for Pb. We used the experimental
data describing the phonon spectrum of Pb [5]. The calculation was made in the Einstein
model, and also for the case when the phonon spectrum of Pb is approximated in accordance

with [6] (we assume that w = Q|5 (g <0.35q U= @ a;, - Debye momen-

0= 01l 359 <q<qp’
tum) (see also [7]). It should be noted, however, that the result depends little on the
details of the phonon spectrum. In particular, close results are obtained when considering
an acoustic dispersion law in the entire momentum region.

Calculation leads to the following result for Pb:

-TA',IB T, "'4(1—;_1—)1/2. (4)
k

It is easy to show that allowance for the Coulomb interaction, with a numerical value,
say, 8ooul’ = 0.11 [2], increases a somewhat.

In calculating the heat capacity we start from the usual equation for the entropy, which
reduces also in the Froehlich model to the form

s oy (——)?]
rag = 5 v Tl = e ()

(v - density of state on the Fermi surface), giving for the jump in the heat capacity
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B’" Cs (Tk)//C,,(Tk ) =1+ -}—7 "2'
2a-
Substituting the value of o determined from (4), we get BPb = 3.4, which fits satis-
factorily the experimental data (according to [1], Bop = 3.65, and according to [8] (see also
[91) By, = 3.k
It can be shown by starting from the exact definition of the thermal-conductivity co-
efficient kv [10] that the function x(T) is determined by the same formulas as are obtained
in the ordinary theory [11], except that A(T) is defined as in (4). Thus, for example, the
electronic thermal conductivity Ko which is determined by impurity scattering, is given by
the following formula [12]:

A, of
Ky /Kgy = F(TV/F(T ); F(T) =671 [ -0 dq,

es
-0
de

which, when (4) is taken into account, leads to a steeper decrease of Ko with decreasing
temperature than in the usual case; this is indeed observed experimentally. Similar results
are obtained also in the analysis of the thermal conductivity of pure anomalous supercon-
ductors. With this, the experimental data of [12] are described satisfactorily by the for-
mulas obtained in [13] with allowance for (4).

Jt should be noted that anomalous superconductors can be produced synthetically. As
is well known, when heavy impurities are introduced into a crystal, a quasilocal peak appears
in the crystal phonon spectrum, with a frequency wm/vfﬁ@ﬁr:—i (wh and m are the maximum
frequency and the mass of the matrix atom, and M is the mass of the impurity atom) [14].
Because of this, the effective Debye temperature, which determines the critical temperature
in accord with the formula Tc = l.lhee_l/g, becomes smaller when the heavy impurity is added.
At the same time, in the case of a sufficiently large concentration of a nonmagnetic impurity
(10 - 20%), the additional attraction between the conduction electrons, which results from
their interaction with the electrons at the impurity levels, may cause the constant g to in-
crease (see [15]). Then the ratio Tc/9 increases compared with a pure superconductor, cor-

responding to the appearance of strong coupling.
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In cosmological models, where states with very high density exist, the neutrino plays
a very important role, if only from the point of view of formation of several chemical ele-
ments. The influence of the neutrino is particularly important in models in which a degen-
erate neutrino "sea" exists [1], and also apparently in the presence of considerable aniso-
tropy during the earlier evolution stages [2].

In the isotropic model (the Friedmann model) at the earlier stages of the evolution,
the total density is

€ 3 4,5.10°
p=—-= = g/crd
c? 327Gt 2 $2

(see [3]), where t is the time reckoned from some initial instant. At the same time, the

density of completely degenerate neutrinos (or antineutrinos) is

4
€F L 3
. ——: T | EA r 0
. PSR 3:103 e (MeV) ] g/cor ,

where GF is the energy at the Fermi boundary. It is obvious that e, < p, and thus,
€ 3

4

F
P, = e ~ y €F o~ - MeV. (1) (1)
max g, 2c5h3 327 G+2 max /i lcen)

We have assumed above, as usual, that the neutrinos form an ideal Fermi gas. Yet the

neutrinos interact with one another, which under the conditions of a degenerate Fermi gas
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