Atomic First appearance Pressure, atm

Element number of electron number TF model Model with corrections
K 19 2 1.57 x 108 -
Ca 20 2 1.91 x 10% -
Sn 50 3 1.5% x 107 1.03 x 107
Te 52 3 6.32 x 10® 2.08 x 108
Ba 56 3 1.57 x 105 3.17 x 10°

The table lists for several elements the calculated pressures in the TF model and in the
model with the quantum corrections.
We are grateful to I. V. Shirmanova, V. T. Aleksandrov, and G. G. Gurbanov for program-

ming and help in the calculations.
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CONCERNING THE QUANTIZATION OF THE ENERGY LEVELS OF ELECTRONIC EXCITATIONS IN THE INTERMEDIATE
STATE OF A SUPERCONDUCTOR

N. V. Zavaritskii
Institute of Physics Problems, USSR Academy of Sciences
Submitted 16 June 1965

The transition of a metal into an intermediate state is accompanied by a sharp decrease
in the thermal conductivity of the electronic excitation [1], thus evidencing their reflection
from the boundary between the normal and superconducting phases. It was shown in (2] that the
excitations suffer a strict reversal of the motion upon reflection. As a result, motion of
the excited normel phase sets in between its boundaries, leading to quantization of the energy
levels with characteristic energy & = *iv/a, where v is the velocity of the electrons on the
Fermi surface and a is the dimension of the regions of the normal phase of the intermediate
(31,

Quantization of the energy levels should lead to a change in many characteristics of the
normal phase, particularly to a decrease in the specific heat C in the temperature region
kT < kTO = ¢.. The present investigation was undertaken to ascertain the extent to which this

]
decrease actually takes place.

state
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The object of the investigation was a cylindrical single crystal 2.6 mm in diameter,
made of tin with 107%*% impurities. The measurements were made in the temperature interval 0.1
- 0.3°K in magnetic fields corresponding to fractions n = 0.08, 0.15, 0.3, and 0.45 of the
normal phase in the sample.
the caleulation [1], 3 x 1073, k x 1073, 5 x 1072, and 8 x 10”2 cm, corresponding to estimated
values ~ 0.3, 0.25, 0.2, and 0.12°K for Ty
the thermal conductivity K and the temperature conductivity a2, from which the specific heat

was calculated [h].

The widths of the layers of this phase were, in accordance with

During the course of the experiment we measured

The method of K, W/en-deg 2%, cn’/sec ¢, J/g-mole-deg 5
measuring the ther- 1072k a ,/r”/’/’
mel conductivity s
does not differ from 2L
that employed earli-
er ) e resuits T
of the measurements ST 5
are shown in Fig. la. 2l S
In the investigated
temperature region, My 10
the thermal conduc- TR T T r 2 R YR Ve ¥y T PR YR

tivity is due to the

Fig. 1. a - Specific heat of the
investigated sample, b - tempera-
ture conductivity of the investi-
gated sample. The fraction of
the normal phase in the sample is:
0 - 1 = 0 (superconducting state),
1, 2 - 5 =0.08; 3 - n=0.15;

L - n=0.3;5-n=0.45.

Fig. 2. 8Specific heat
of tin in the intermedi-
ate state for different
fractions of the normal
phase (the notation is
the same as in Fig. 1bj
the dashed lines repre-
sent C, = a(n)T.

transfer of heat by
[hJ. The

sharp decrease, reach-

the phonons

ing a factor as much
as 10, in the value of
X in the intermediate
state is due to the additional scattering of the phonons by the electrons of the normal re-

[11]

gions . As can be seen from Fig. la, in the case 7n ~ 0.08 the change in the thermal con-
ductivity on going over into the intermediate state, and consequently, the scattering of the
phonons by the electrons, decreases to 50% when the temperature drops from 0.3 to 0.1°K. This
(1]

The temperature conductivity a® was measured from the attenuation of the temperature

is probably connected with the effect of the phonons "flying through" the normal region

wave propagating along the sample with frequency 9.2 cps. At this frequency, the attenuation

(1]

measured in the experiment the relative change in the attenuvation when the sample in the mag-

of the wave in the superconducting state did not exceed 1%, according to , and we therefore

netic field passed from the superconducting into the intermediate state. This procedure in-

creased the accuracy of all the measurements greatly. The value of a® was determined in the
range from 20 to 600 crf/sec.
arising when the temperature wave between the thermometers attenuates by a factor greater than
30, and the upper limit is connected with the start of the influence of the wave reflected

from the end of the sample [4].

The lower limit is connected with measurement difficulties

The sample was 10 cm long. The measuring thermometers were
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located near that end of the sample which was in contact with the cooling salt. The distance
between them was 3 cm.

The results of the measurement of a? are shown in Fig. lc.

The specific heat of the investigated sample was calculated from the curves of Fig. 1.
As can be seen from Fig. 2, at temperatures above 0.15°K, the specific heat in the intermediate
state changes in proportion to the temperature, C = a(n)T, regardless of what fraction 71 of
the sample is in the normal phase. This variation of Cn(T) is to be expected in the absence
of quantization of the energy levels, since both the specific heat of the lattice and the
specific heat connected with the change in the magnetic energy are negligibly small at the
investigated temperatures and magnetic fields. 1In the region of lower temperatures, devia-
tions from the law Cn = a(n)T are observed, and are more strongly pronounced the smaller the

(3]

ation of the specific heat offers evidence of the appearance of quantization of the energy

fraction of the sample in the normal phase. According to , & similar character of the vari-

levels of the electronic excitations. The difference by almost a factor of 2 between TO = eo/k

and the temperature with which the deviations from the Cn = 0(n)T appear can be readily related
(3]

Thus, the measurements mede in the region 0.1 - 0.15°K showed that the specific heat of

to the form of the electronic excitation spectrum

a superconductor decreases in the intermediate state. Although this decrease is only 2 - 3
times larger than the possible experimental error, it can be related to the quantization of
the energy levels of the electronic excitations considered by Andreev [3].

The author is grateful to P. L. Kapitza for interest in the work and to A. F. Andreev
for the results of his calculations prior to publication.
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THREE~- PHOTON MOLECULAR SCATTERING OF LIGHT

S. A. Akhmanov and D. N. Klyshko
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Submitted 17 June 1965

The subject of this note is an estimate of the cross sections of three-photon Rayleigh
and Raman scattering of light in gases and liquids. A study of such scattering yields infor-
mation on the nonlinear properties of individual molecules (we recall that the known experi-
ments on the observation of coherent three-photon processes in solids provide data on the non-
linear properties of & dielectric medium as a whole). We present below the probebilities of
three-photon processes calculated by perturbation theory; an interesting result of our ana-
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