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I. INTRODUCTION

The inAuence of pressure on superconductors has
been intensively studied in the past. ' Olsen et al. ' have
recently summarized the results. One finds a linear
relationship between Bln(T,/t))/dlnv and ln(e/T. )
(v —= volume) for soft superconductors, except
thallium, where an electron —phonon interaction leads
to superconductivity. The transition metals do not
obey this relationship, and the named authors con-
clude that for these elemental superconductors the
electron —phonon interaction is not the only one lead-

ing to superconductivity.
We have studied the change in the transition

temperature and in the critical currents of the high-
field superconductors NbsSn, VsGa, and VsSi in
transversal magnetic fields up to 10 kOe in the pres-
sure range 0 to 1650 kg cm ' by using the ice-bomb
technique. '

be raised through a sealing in the cover plate of the
cryostat. By this arrangement it is possible to cool
the bomb down slowly for obtaining hydrostatic pres-
sure in it. Further, the bomb can be lifted to rewarm
it. The bomb is made from copper —beryllium bronze
strengthened by precipitation hardening. One end of
the sample is fixed axially to the bomb head, which
serves as one current lead. The other current lead
and the potential wires are fixed to the sample with
silver paste or indium, and run upwards through the

II. EXPERIMENTAL

The cylindrical specimens were 30 mm long and
0.5 mm in diameter. The 6rst class of samples have a
thin layer of NbsSn, VsGa, and V,Si on the surface of
niobium and vanadium wires, respectively. This layer
can be prepared by diffusion of tin into niobium, ' and
of gallium or silicon into vanadium at elevated tem-
peratures. The second type of samples contain these
superconductors inside a niobium jacket. '

The ice bomb, with the sample, is shown in Fig. 1.
The bomb consists of the bomb body 8, filled with
distilled water, the bomb head H, which can be
screwed firmly into 8 by using interposed washers
W~, W2. The cooling capillary C runs through B.
The water in this tube is erst frozen by pouring
liquid air into the German silver tube T, which may

Fre. 1.The ice bomb.
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capillary. Superconducting transition was detected
by resistance measurement (current l mA) with a
galvanometer sensitivity of 10 ' V. The temperature
was measured by using the vapor pressure of the
liquid hydrogen and this could be kept constant to
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0.005'K with a manostat. ' The critical current was
measured in the usual way, namely by increasing the
current at fixed magnetic Geld just until normal con-
ductivity sets in. The pressure in the bomb could be
varied by using water —ethyl alcohol mixtures. ' Pres-
sure calibration was done by measuring the variation
in resistance of a thin, very pure copper wire. ' The
reproducibility of pressure was correct to about 10'%%uo.

III. PRESSURE EFFECT ON

TRANSITION TEMPERATURES

caused by physical and symmetrical inhomogeneities
in the superconducting layer, which, in addition, has
a higher modulus of elasticity than the base material,
resulting in an anisotropic compression.

Further, in principle it should be possible to Gnd

out, by using the Debye temperatures of Nb3Sn,
VsGa, and V&Si" (and if the compressibility were
known), whether the results obtained from these
layers fit into the above-mentioned relationship.
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The critical temperature is reduced for all samples
when these are under pressure. The relationship be-
tween decrease of critical temperature and pressure
is a complicated one (Fig. 2) . One knows that indium,
with its simple Fermi surface, shows a linear reduc-
tion of critical temperature with increasing pres-
sure. " Tantalum also shows a linear reduction, "
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Frc. 2. Decrease of transition temperature
with hydrostatic pressure.
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whilst tin (with a complicated Fermi surface) has a
complicated correlation between pressure and de-
crease of critical temperature. "In our experiments it
seems more likely that the irregular relationship is

FIG. 3. Change of critical currents in trans-
versal magnetic field with pressure.

Unexpectedly, the value of the pressure coetIicient
for Nb, Sn is higher than that for VsGa and VsSi. The
negative sign of the pressure coeKcient of the latter
is in accordance with measurements from elsewhere. "
Measurements on the second type of samples (core
wires) turned out to be less reproduceable. The ex-
perimental error amounts to approximately 25%%u&,

and therefore no results will be given here.

IV. PRESSURE EFFECT ON CRITICAL CURRENTS

Finally, we measured the critical currents of the
samples in transversal ma, gnetic Gelds not far below
the transition temperature. For all samples they are

12 F.J. Morin and J. P. Maita, Phys. Rev. 129, 1115{1963).
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remarkably reduced. One example is given in Fig. 3.
For the results of measurements of critical current
and field characteristics there exists as yet no well-
defined theoretical relationship. A possible explana-
tion would be as follows. Suppose one filament in the
weakest part of the superconducting sample has a
certain cross section and has maximum current
density; because of the compression, which reduces
the value of this cross section, the current becomes
supercritical. This has the effect that normal con-
ductivity sets in at lower critical current values.

V. CONCLUSION

It seems worthwhile to investigate the pressure de-
pendence of critical temperature, critical current, and
critical field in smaller pressure steps up to very high
pressures for clean, homogeneous specimens. This
would result in a more detailed knowledge of the
intrinsic properties of high-field superconductors.
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Discussion 14

B. T. MAYrHr~s, University of California: The change of
T. with pressure of NbsSn as reported in JETP gives values
that are smaller than yours by a factor of 2 from what I re-
member.

C. MULLER, University of Giessen: This would be in ac-
cordance with what I just mentioned. Our NbqSn values
are very much out of line, and perhaps there is something
wrong in the whole structure we don't know about yet.

GERHART K. GAULE, U. S. Army Electronics Research and

Development Laboratory: You mentioned in the abstract and
you said here that the soft superconductors behave di6er-
ently from those which you have investigated, by a factor of
2. I pointed out this morning the parameter for a fair com-
parison should be the atomic volume and not the pressure.
Considering that your materials are much harder, I think
that you get lesser volume change. If you plot atomic vol-
ume vs critical temperature you might find a better agree-
ment.

THERMAL PROPERTIES
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Magnetic and Thermal Properties of Second-

Kind Superconductors. I. Magnetization Curves*~
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INTRODUCTION

We have measured, as a function of temperature,
the magnetization curves of specimens which formed
a group of solid solutions of bismuth in indium. The
nominal concentrations ranged from 1.5 to 4.0 at.%.
Each sample except the most dilute one was a super-
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f Socony —Mobil Fellow, 1961—63. Present address: Bell
Telephone Laboratories, Whippany, New Jersey.

conductor of the second kind at its transition tem-
perature T.. This set of alloys has values of T. in the
liquid-helium temperature range, so that we were
able to make a detailed comparison of our results
with the predictions of the Ginzburg —Landau-
Abrikosov (GLA) theory" which is derived to be
valid near 7.', .

The specimens were in the form of long, thin

V. L. Ginzburg and L. D. Landau, Zh. Eksperim. i Teor.
Fiz. 20, 1064 {1950).Cf. also V. L. Ginzburg, Nuovo Cimento
2, 1234 (1955).

2 A. A. Abrikosov, Zh. Eksperim. i Teor. Fiz. 32, 1442
(1957) [English transl. : Soviet Phys. —JETP 5, 1174 (1957)
and J. Phys. Chem. Solids 2, 199 (1957)l.


