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resistance of one specimen continued to rise at temperatures as
low as 0.4°K, and, in fact, seemed to be approaching infinity at
absolute zero. These authors concluded that the minimum is not
due to spurious causes such as gas absorption or unavoidable dis-
turbances caused by the current and potential leads to the
specimens.

The only other published measurements on gold appear to be
those of Meissner.t Here, measurements on gold monocrystals
(impurities ~1073 percent) showed no minimum down to 1.3°K,
a temperature well below the minimum temperature found neces-
sary by the Leiden investigators.

If the effect reported by the Leiden group should prove to be
real (i.e., not due to impurities or some similar cause), then it
appears that a rather fundamental violation of the basic quantum
theory of solids has appeared. Thus, a monovalent substance like
gold, where the Fermi surface in the first zone is presumably
nearly spherical and far from a zone boundary, approaches the
ideal Bloch model closely—the conduction electrons are nearly
“free.” Presumably, one would then have to go a step further than
the present theory of solids and consider the possibility of electron
interaction—a mechanism which has sometimes been suggested
as responsible for superconductivity.

It seems more plausible to suppose that the effect is of a
secondary nature, and in some way connected with the crystallite
boundaries in the polycrystalline material. Thus, Meissner’s single
crystals do not show the effect even though the impurity content
of his material was about ten times as large as that used by de
Haas and collaborators. It may, of course, be that in the process
of growing single crystals, Meissner automatically purified his
material—such a process has been used for refining, the impurities
being “flushed” to one end of the crystal, and this end then
rejected.

It might, therefore, be of interest to re-examine this matter,
making use of both single crystal and polycrystalline specimens
fabricated from the same material and each having the same
impurity content.
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T was discovered by Meissner! that when a substance goes
superconducting in a small magnetic field, the magnetic
induction vector B=0. What is often observed is a Meissner effect
varying anywhere from no effect at all to the complete effect, and
this seems to depend on the degree of impurity, geometrical shape,
and whether or not the specimen is a single crystal? We have
studied the frozen-in magnetic flux of superconducting tin whose
total impurity is 0.012 percent. The tin was melted in a vacuum
furnace and allowed to cool slowly after the manner of forming a
single crystal. Ultrasonic pulses at 10 megacycles per second
showed no evidence of flaws. The specimen was in the shape of a
cylinder with well-rounded edges, approximately an ellipsoid, and
mounted in Textolite such that it could be rotated about its long
axis. The rotor of tin was enclosed in a lead shield so that with
the lead superconducting, the magnetic field around the tin was
not changed by external effects. With the lead housing super-
conducting, the magnetic field between the lead wall and the
normal conducting tin rotor was about 0.01 gauss and remained
unchanged (20.00005 gauss) with variation in the angular position
of the tin rotor. Cooling further, the magnetic field detector, which
was placed between the tin rotor and the lead housing, showed the
Meissner effect as the tin rotor became superconducting and flux
was pushed out of it.
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The superconducting tin rotor showed a very pronounced
frozen-in flux (incomplete Meissner effect) in that the magnetic
field at the detector now varied sinusoidally with the angular
position of the rotor. The frozen-in flux threaded through the
superconducting tin in an orientation determined by the magnetic
field within the lead housing. That is to say, the magnetic moment
locked into the superconducting tin was independent of the angular
orientation of the rotor with respect to the lead housing when
the transition temperature was passed. Thus, there was no special
path of impurities or structure flaws through the tin rotor for
the frozen flux to choose. The frozen magnetic flux showed no
observable relaxation effects over a period of five minutes.

A Meissner effect has been observed when the specimen has been
cooled while rotating at 5000 revolutions per minute. On the
stopping rotation the specimen showed no frozen flux. The mag-
netic field was observed to penetrate the rotor (reverse Meissner
effect) when the temperature was then raised through the transi-
tion point. Magnetic fields were detected by the “magnetic air-
borne detector,” AN-ASQ-3, kindly supplied by the Office of Naval
Research.

We may conclude that when a solid ellipsoid of pure tin goes
superconducting it may do two things with the magnetic flux’
which existed within its body. It may eject part of the flux, cor-
responding to the Meissner effect, by setting up macroscopic
currents described by the theory of F. and H. London,? and this
current does not move with the rotor as it is turned but stays fixed
with respect to the external field. The remainder exhibits the
intermediate state proposed by Gorter and Casimir* wherein
magnetic flux is crowded into small regions where the critical field
is exceeded, and this flux is supported by annular superconducting
currents which we have observed to stay fixed with respect to the
rotor. The earlier experiments by Onnes and Tuyn® support these
conclusions. The authors acknowledge with pleasure the directing
guidance of Professor C. F. Squire and the many helpful discus-
sions with Professor W. V. Houston.
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ECENTLY Ter Haar and Wergeland,! using Tisza’s phe-

nomenological picture of the viscosity of He*, have estimated

the influence of an admixture of He® to the He* liquid. Their

expression for the increase in viscosity due to a fraction x of He?
in Het liquid is

An= x(qkin— g kin) x gpkin, 1)

In deducing (1) the kinetic viscosity of He* is neglected in com-
parison to that of He?, and also the dynamic viscosity of both He?
and He! is assumed to be the same.

In calculating #¥i* from the well-known expression

pkin=$pCA,

these authors have assumed that the mean free path A is equal to
m/V2nd?. This, however, is not justified, since in a degenerate
Fermi-Dirac gas the mean free path A increases with decreasing
temperature because the number of possible collisions is greatly
reduced because of the exclusion principle. Indeed, at a tempera-
ture 7, the possible transitions are limited to the states of the
“Maxwell tail” beyond the maximum zero point energy
En=(h2/2M)(3p/87M)}: In velocity space such cells roughly
fill a spherical cell of radius vm=(2En/M)* and thickness



