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film surface, and an anisotropic gap would be ex-
pected to vary slowly with crystal orientation.

We think that the observed double structure
arises from the complicated Fermi surface in
lead. The form of pggs(E) can be explained if we
postulate that two different zones contribute dif-
ferent energy gaps and have different coherence
lengths associated with them. This is not incon-
sistent with Gold’s” model of the zone structure
of lead. He considers four zones: The first is
full and the fourth is probably empty. The second
and third zones are partially filled and have simi-
lar densities of states associated with them. Suhl,
Matthias, and Walker® have considered the BCS
theory for the case of overlapping bands. They
suggest that s-p bands exist as such and that s-p
scattering may contribute to normal-state resis-
tivity. With a nearly free electron model of lead
as proposed by Gold, it would be more correct to
consider scattering between zones. For the thick
film, electron-phonon interaction may be suffi-
cient to cause both of the zones to exhibit an iso-
tropic energy gap, but insufficient for the scatter-
ing between the two zones to make these two gaps
identical. In the thin film, increased scattering
causes interzone scattering and results in one
energy gap for the whole Fermi surface. The
temperature dependence of the two energy gaps
in thick films near the transition temperature

would provide interesting information of the de-
gree of interaction between zones. This has not
been attempted because of the experimental dif-
ficulty of measuring characteristics accurately

near the transition temperature of lead.
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It has been shown previously® that one of the
consequences of so-called flux “quantization” in
multiply connected superconductors?? is that the
transition temperature T, of the superconductor
is a periodic function of the flux enclosed. For
a superconductor in which the particles are cor-
related in pairs as postulated by the theory of
Bardeen, Cooper, and Schrieffer,? this period is
hc/2e. An extensive series of measurements by
Parks and one of the authors has verified that
this is, in fact, the period observed in T, inall
of the soft superconductors studied.® On the ba-
sis of this and the many other successes of the
BCS theory, one might be led to believe that
such pair correlations would exist in all super-
conductors. However, Yang’s® more general
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considerations of off-diagonal long-range order
point to the possibility of superconductivity oc-
curring where the basic group of correlated par-
ticles is not necessarily two, but any even num-
ber of fermions. For this reason we felt it im-
portant to extend our observation to the transi-
tion element superconductors to check whether
the periodicity of the transition temperature T,
was hc/2e or hc/ne where n is an even integer.
We report here results on a cylindrical sample
of tantalum.

In view of the extremely high melting point of
tantalum, approximately 3100°C, and the extreme
sensitivity of its superconducting properties to
gaseous impurities, some modification had to be
made in the technique used previously for Sn.
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Cylindrical samples of tantalum were made in
the following way. Fine soft glass fibers were
drawn by pulling 1-in. glass-capillary tubing to
approximately 0.010-in. diameter in a flame.

A short length of this fine capillary was then hung
vertically through the center of a 1 mm diameter
two-turn spiral of platinum wire. A half-gram
weight was attached to the lower end of the capil-
lary and the platinum heated electrically. As

the glass softened, the attached weight drew it
into a fiber of about two microns diameter. The
fiber was mounted over a 2 mm wide slot in a
glass slide and cemented in place with silver
paint. Tantalum was evaporated from a water-
cooled Cu crucible, by electron bombardment,
onto the surface of the fiber while it was rotated
about its axis on a “spit” in an ultrahigh vacuum
evaporator. The tantalum was 99.7% pure. It
was zone-refined before placing it in the evapora-
tor to reduce the subsequent outgassing. During
the evaporation the pressure was kept at approxi-
mately 6x107° mm Hg. In this way a cylindrical
sample of tantalum was deposited onto a 2 mm
long, 1.5x10"* cm diameter fibre; the film was
approximately 3004 thick.

Leads were attached with silver paint at each
end of the fiber in order to measure the electri-
cal resistance of the tantalum. The sample was
then mounted at the center of a solenoid which
produced a magnetic field along the axis of the
cylinder. The whole assembly was suspended in
a bath of liquid helium.

The transition to the superconducting state was
broad beginning at 4.1°K and being complete at
about 1.5°K. Over a small region of temperature
between 2.4°K and 2. 2°K the characteristic peri-
odic variations of the resistance of the fiber due
to the variation in T, could be seen as the mag-
netic field (and consequently the flux through the
cylinder) was varied sinusoidally. This is
shown in Fig. 1. The distance between the mini-
ma of the parabola was found to be 12.1 gauss.
The diameter of the fiber was determined in an
optical microscope which has previously been
calibrated with fibers whose diameters had been
measured in an electron microscope. The diam-
eter was 1.5+ 0.1 microns which gives a value
for the period of the field of 11.6 + 1.0 gauss if
the flux quantum is kc/2e. Thus, we have ex-
cellent agreement between the observed period
and hc/2e, thereby showing through the factor
2e that the electrons are indeed correlated in

FIG. 1. Periodic variations of the resistance of a
cylinder of tantalum at its superconducting transition
temperatures as a function of the magnetic field. Upper
curve: Magnetic field sweep.

pairs in this transition element superconductor.

It is interesting to observe that the parabolas
only became visible when the resistance had
dropped to approximately (1/10) of its normal
value indicating that the superconducting regions
enveloped the fiber and thus became multicon-
nected only below this point. It was also interest-
ing to observe that when the parabolas first ap-
pear upon cooling down they are symmetric about
their minima, but as the temperature is further
reduced hysteresis is observed and finally, at
still lower temperatures, the sample sticks in a
particular state and leaves it only by a discontinu-
ous jump.
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FIG. 1. Periodic variations of the resistance of a
cylinder of tantalum at its superconducting transition
temperatures as a function of the magnetic field. Upper
curve: Magnetic field sweep.



