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the substrate film by a liquid-nitrogen cold
trap. This retards oxidation, which is main-
ly due to the water vapor pressure as had been
observed formerly. ' The width of the observed
edge (Fig. 1) is about 0.3 eV. This is in qual-
itative agreement with older results by Skin-
ner and Johnston, ' who have also remarked the
final width of the edge. We thus believe that
at least part of the width of the exciton peaks
may be due to the limited lifetime of the emp-
ty K level, modified by the halogen ions.
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INTERACTIONS OF DISLOCATIONS WITH ELECTRONS IN METALS
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Recently Hikata and Elbaum' reported exper-
imental results on the interaction of moving
dislocations with electrons in normal and in
superconducting lead. One of their results was
that in the normal state this interaction with
electrons (or damping due to electrons) was
independent of temperature, at least in the range
investigated, i.e., 4.2& T&15'K. The fact that
this interaction is temperature independent
can be interpreted qualitatively as follows:
A Fourier decomposition of the lattice displace-
ments u associated with a dislocation' yields

r~
sq ru=p u eq

Each component uq may then be treated as a
"phonon" traveling through the lattice with the
dislocation velocity vd (vd is much smaller
than the velocity of sound in the solid v~; typ-
ically vd - 10 'v ) and the energy lost by these
"phonons" to the conduction electrons can be
determined using the established formalism
of electron-phonon interactions. '~' It is impor-
tant to note that, for example, the atomic dis-
placements associated with an edge dislocation
decrease rapidly with distance from the dislo-
cation core (at a distance from the core of the
order of five atomic diameters, these displace-
ments become comparable with the amplitude
of thermal phonons near the Debye temperature

GD), and that they are substantially tempera-
ture independent (their temperature dependence
is of the order of the thermal expansion of the
solid). It follows that the components u& dom-
inant in the interaction with electrons have
magnitudes of the wave vector q ranging from
approximately the reciprocal of the lattice spac-
ing to the reciprocal of about 10 lattice spac-
ings, i.e., 10'& iq) &10' cm '. Thus, for most
temperatures of interest and certainly in the
range T & OD these magnitudes of q correspond
to the condition q/e»1, where le is the elec-
tron mean free path. It follows that the inter-
action of dislocations with conduction electrons
should be treated in the spirit qle»1 and is,
therefore, independent of rte. '»' Since q as
well as the dislocation density are also tem-
perature independent, the interaction process
is temperature independent.

In another recent publication Huffman and
Louat presented results of a calculation of the
dislocation-electron interaction which indicate
a temperature dependence equal to that of the
electrical conductivity. ' These authors also
propose that the temperature dependence of
the mechanical yield stress of a metal is de-
termined by the (calculated) temperature de-
pendence of the dislocation-electron interac-
tion.

It is clear that these calculations are not
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consistent with the character of the interaction
as discussed above and that the proposed tem-
perature dependence conflicts with the exper-
imental results of a direct measurement. '
Furthermore, in order to correlate the ener-
gy W dissipated by the dislocations in the con-
duction electron gas with the macroscopic yield
stress S, Huffman and Louat' equate 8' with
the work done by S (both per atomic displace-
ment of the dislocation). This procedure is
certainly very questionable, because the stress
S is very highly dependent on microstructur-
al characteristics, impurity content, etc. The
temperature dependence of S is also known
experimentally to depend on these factors.

It should also be emphasized that the direct
determination' of the conduction-electron in-
teraction with dislocations specifically shows
no temperature dependence in the temperature
range where the calculations of Huffman and
Louat' predict the largest temperature depen-
dence of the entire range. The fact that these
experiments' were carried out on a metal with

the fcc structure seems irrelevant, since the
calculation by Huffman and Louat' does not in-
volve any crystallographic features and should
apply equally well to all metals.

We conclude that the interaction of disloca-
tions with conduction electrons is temperature
independent (at least for T & 6D) and that the
temperature dependence of the yield stress
of metals is due to other causes.
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Nuclear spin-lattice relaxation measurements in the superconducting state of pure in-
dium and of indium-lead solid solutions show behavior consistent with an essentially im-
purity-independent broadening of the superconducting energy gap, this conflicting with
previous ideas on the importance of energy-gap anisotropy.

Measurements of nuclear spin-lattice relax-
ation rate Rs(T) in type-I superconductors have
revealed the existence of a maximum in Rs(T)/
R(T~) at (T/Tc) =0.8-0.9.' ' The maximum
value of Rs(T)/R(Tc), [Rs(T)]max/R(Tc), is
always found to be smaller than that predict-
ed by the unmodified BCS theory of supercon-
ductivity. '~' Two main explanations of this
discrepancy have been favored so far. One
attributes it to energy-gap anisotropy (EGA)
over the Fermi surface. '~ The other invokes
electron-phonon interactions and shows that,
if these are sufficiently strong, they will broad-
en the conduction-electron energy levels and
lead to the same results. '

If either of the mechanisms were dominant,
its effects should be experimentally distinguish-
able by the dependence of [Rs(T))m~/R(Tc)

on the concentration of nonmagnetic impurities
in the superconductor since, according to An-
derson's theory, ' elastic scattering by solute
atoms effectively reduces EGA. Consequent-

ly, if EGA is a controlling factor, the value
of [Rs(T)]m~/R(T~) should increase with so-
lute concentration. "'" On the other hand,
electron-phonon interactions alone should yield
a substantially constant value of [Rs(T)]m~/
R(Tc) since, in the dilute limit, the effect of
impurities on the strength of electron-phonon
interactions should be small. "

The only previous observations of [R (T)] ~/
R(Tc) in impure type-I superconductors were
made by Masuda in aluminum-based solid so-
lutions, where he found distinct evidence in
favor of the presence of EGA. We present here
the results of measurements made in pure in-


