JUNE, 1966

VOLUME 22, NUMBER 6

SOVIET PHYSICS JETP

CONCERNING THE PROBLEM OF THE EFFECT OF PRESSURE ON THE TEMPERATURE
OF THE SUP ERCONDUCTING TRANSITION
V. G. BAR'YAKHTAR and V.I. MAKAROV
Physico-technical Institute, Academy of Sciences, U.S.S.R.
Submitted to JETP editor July 20, 1965
J. Exptl. Theoret. Phys. (U.S.S.R.) 49, 1934-1937 (December, 1965)
Expressions for the derivatives of the superconducting transition temperature Tk and the critical magnetic field strength Hk with respect to the pressure are obtained in terms of the experimentally obtained quantities, i.e., the electron and lattice compressibility and the Griineisen
constants. The derived formulas describe satisfactorily the magnitude and sign of the derivatives BTk/BP, BHk/BP for most of the pure superconductors.

1.

A large amount of data is at present available
on the effect of the pressure on the superconducting
transition temperature.CtJ In a number of superconductors the superconducting transition temperature Tk increases under pressure, in others it
decreases linearly. There is however no quantitative explanation of these experimental data on the
basis of contemporary superconductivity theory.
In this paper, starting from the well-known expression for the temperature of the superconducting
transition, an expression is found for the derivative
of Tk with respect to the pressure in terms of experimentally observable quantities: the Griineisen
constants of the electrons and of the lattice, and
the compressibility of the metal. Knowing these
quantities, it is possible to calculate the derivative
BTk/BP = Tk,P and to compare the value of Tk,P
thus obtained with its experimentally determined
value. Satisfactory agreement is obtained between
the calculated and experimentally determined values

of Tk,P (see the Table).
2. The temperature of the super conducting transition is determined by the formula [ 2]:
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where w D is the Debye temperature, C the constant
of electron-phonon interaction, [ 3] N0 the number
of atoms in the solid, V the volume of the solid, M
the mass of the ion, s the speed of sound, and PF
and vF the momentum and velocity of the electron.
The electron-phonon interaction constant can be
expressed in terms of the number of atoms per
unit volume (N 0/V) and the screening radius r 0 [ 4]:
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For the case of a quadratic dispersion law of the
conduction electrons the screening radius is given
by the formula [ 5]
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TEMPERATURE OF THE SUPERCONDUCTING TRANSITION
Introducing the density of states per unit energy
interval,
v(eF) = VpF 2 /2n 2vF
and using formulas (2) and (3), we express Fin the
form
F=
1
No
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In this formula it is convenient to go over from
the speed of sound s to the Debye temperature
wn = 1rs/a, where a is the lattice constant equal to
(V/N 0) 113 ; then the expression for Tk can be rewritten in the form
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Analyzing the data presented in the Table (the
seventh and eighth column) one can assume that the
Grlineisen constant Ye for the metals In, Hg, Zn,
Cd, Zr, Mo, and La(3 can differ from Ye = 1.5 by
no more than ±(0.1-0.2).
3. The value of the critical magnetic field in the
superconductor at temperatures T much smaller
than Tk is connected with the superconducting transition temperature by the relation
(6)

Differentiating this expression with respect to
the pressure, one can express the derivative Hk,P
= 8Hk, (0)/BP, as was done for Tk,P· in terms of
the GrUneisen constants Ye and Yp and the compressibility K:
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On the basis of this formula one can calculate
the magnitude and the sign of Hk,P for various me'X'Yp = - - tals and compare it with the experimentally found
WD 8P'
values of Hk,P (see the Table). As can be seen
1
8
(5')
from the Table, the agreement for Hk p, just as for
'X'Ye = - 'V ( 8F) 8P 'V ( BF) '
Tk,P• between the calculated and expe'rimentally
determined values is not bad.
The quantities Yp and Ye are the Grlineisen conThe values of Tk,P and Hk,P are determined for
stants for the lattice and for the electrons and K is
19 pure metals. For Ga, Re, Ru, Th, and Ti Ye and
the compressibility.
Assuming that formula (5) is correct not only for Yp have not been determined and therefore a comparison with the theory is difficult.
a quadratic dispersion law, but also for an arbiFor Tl, if we assume Ye ~ 1.5, then according
trary law E(p), we compare the theory and experito the theory Tk,P = -5 x 10-5 deg/atm; the exment.
The experimental values of the quantities Yp and perimentally determined value Tk,P is -1.4
x 10-5 deg/atm at 20,000-28,000 atm. The thallium
Ye and K known at present are presented in the
anomalies in the pressure range up to 6000 atm are
Table for a number of metals. Using these values
apparently
connected with features of the energy
it is easy to calculate Tk,P from formula (5). It
spectrum
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