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HEAT CAPACITY OF o.'URANIUM AT A PRESSURE OF 10 kbar, BETWEEN 0.3 AND O'K
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We have measured the heat capacity of o. ura-
nium at a pressure of 10 kbar between 0.3 and
6 K both in zero magnetic field and at 2000 Oe.
A heat-capacity anomaly typical of a bulk su-
perconducting transition was observed at 2'K;
the anomaly coincided with a superconducting
transition observed magnetically on the same
sample. Since zero-pressure heat-capacity
measurements to temperatures as low as 0.1 K
have consistently failed to detect a bulk super-
conducting transition, ' ' these measurements
constitute the first observation of bulk super-
conductivity in n uranium and show that 10 kbar
increases T by a factor of at least 20 —an even
more striking effect than that suggested by mag-
netic measurements. 4 It seems possible that
e uranium may even be the first example of
a metal that becomes superconducting only un-
der pressure without undergoing a crystallo-
graphic transition. The application of 10-kbar
pressure also increased the normal-state den-
sity of states by 18%%uo and eliminated a low-tem-
perature (&0.7'K) heat-capacity anomaly that
was observed at zero pressure.

Superconducting transitions in o. uranium at
zero pressure have been observed' ' either
magnetically or resistively, with values of T~
ranging from 0.2 K to above 1 K, but there is
no indication of an anomaly of the type associ-
ated with a superconducting transition in heat-
capacity measurements on one sample' to 0.15'K
or in measurements on two other samples' to
0.65'K. More recent heat-capacity rneasure-
ments on two samples to 0.1 K and on two oth-
er samples to 0.3'K also failed to show evidence
of bulk superconductivity, although three of
the samples had been studied magnetically and
in each case these measurements showed su-
perconducting transitions within the range of
the calorimetric measurements. ' Thus, the
heat-capacity measurements show that at zero
pressure, n uranium is not a bulk supercon-
ductor above 0.1'K, and that all previously ob-
served transitions were the consequence of

multiply connected superconducting filaments.
Since the superconductivity of n uranium is
of particular interest in connection with the
role of the 5f states, these measurements were
undertaken to determine whether or not the
transition observed magnetically at high pres-
sure4 is a bulk transition, and to look for any
associated change in the normal-state densi-
ty of states.

The sample was contained in a small Be-Cu
piston and cylinder arrangement in which a
pressure applied in a press at room temper-
ature could be retained when the assembly was
cooled to low temperatures. The pressure at
the low temperature was determined from the
magnetically measured Tc by use of the known
pressure dependence. 4 Although the heat ca-
pacity of the cell was 20 to 40 times the nor-
mal-state heat capacity of the sample, reason-
able accuracy was obtained by measuring the
heat capacities of the filled and empty cell to
a, precision of a few tenths of 1/o, using a ger-
manium thermometer that retained its calibra-
tion between the two measurements.

Figure 1 shows the results of the high-pres-
sure measurements for temperatures below
3 K, and, for comparison, a dashed curve which
represents the zero-pressure heat capacity
of a larger sample from which the high-pres-
sure sample was cut. The crosses represent
the total sample heat capacity; the triangles
and the dashed curve have been corrected for
the hyperfine heat capacity of the U"' by sub-
traction of a T ' term that was derived from
lower-temperature measurements at zero pres-
sure. ' The zero-pressure heat capacity is in-
dependent of magnetic field to at least 5000
Oe, and the anomaly below 1'K was also observed
in three other samples. ' Above 1'K the dashed
curve is represented by C = 10.3T+ 0.323T' mJ/
mole deg, and, therefore, the coefficient of
the electronic heat capacity is y = 10.3 mJ/mole
deg'. At 10 kbar, the zero-field measurements
show an anomaly typical of a superconducting
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MAXIMUM LOSSLESS CURRENT IN A SUPERCONDUCTING FOIL WITH A SURFACE SHEATH*
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The maximum lossless transport current density of the superconducting surface
sheath of a long foil of rectangular cross section is controlled by the larger dimension
2a of the cross section when the applied magnetic field is parallel to 2a and perpendicu-
lar to the current. When 2a becomes very large the maximum current density becomes
very small.

The maximum current density of the super-
conducting surface sheath has attracted a great
deal of theoretical attention recently. ' ~ In par-
ticular, it was predicted from energy consid-
erationss that the magnetization per unit vol-
ume of a long cylinder due to persistent cur-
rents which flow around the axis of a, cylinder
should be size dependent. This is in quantita-
tive agreement with recent experiments on good
surfaces. '&' It was also predicted that the max-
imum current density of a surface sheath which
is infinite in two dimensions is finite, '~' and
that for a foil which is infinite in two dimensions
with one or both surfaces superconducting the
maximum current density depends on the thick-
ness 25 of the foil.

We shall show that for an infinite surface
sheath or a foil in two dimensions the maximum
lossless current density is zero, contrary to
the earlier prediction. '~'~ However, a foil of
thickness 2b, of width 2a, and of infinite length
can carry a finite lossless surface current den-
sity whose magnitude is controlled by the width
2a and not by the thickness 2b when (b/a)'«1
and b & A (A is the thickness of the surface sheath).

We employ the same physical principles as
in Ref. 3, namely, that the Gibbs free-energy

difference EGg~(IIO) between the superconduct. -
ing state in a magnetic field with a current and
the normal state (assumed nonmagnetic) with-
out a current is zero for maximum lossless
current in the surface sheath. Park~ states
that he uses the same criterion whereas, in
fact, he equates the free energy of the super-
conducting and normal states with a current
flowing in each. AGg~(HO) may be written'

gdV((H-H )'--,' i4'i')=aG (p ),

where the order parameter 4(x, y, z) and the
magnetic field H(x, y, z) =curlA(x, y, z) have to
be determined from the Ginzburg-Landauv equa-
tions and Eq. (1). H(x, y, z) is the local mag-
netic field at the applied magnetic field Ho.
Equation (1) is written in the usual Ginzburg-
Landau normalization and the integral is to
be extended over all space. When one neglects
the more sophisticated details of the internal
current distribution of the surface sheath, Eq. (1)
means roughly the following' . The first term
on the left-hand side is the total energy which
arises from a total current I in the specimen
(J=I/2a). The consequence of this current at
the applied field Ho is the magnetic field (H-Ho)
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