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We investigate the temperature-velocity dependence of the force of electronic dislocation stopping
power due to scattering of normal electrons by the dislocation and to generation of electron-hole
pairs. It is shown that a plot of the stopping power against the velocity V has a kink at
V = 2A(t)/fiqm, where A(T) is the energy gap of the superconductor at the temperature T, and
qm Rl a- 1 (a-dimensions of the nucleus of the dislocation). The temperature dependence of the
stopping power is analyzed and it is shown that it reduces to the temperature dependence of the
energy gap A ( T) and of the number of normal electrons N( T).
RECENTLY, Pustovalov and Fomenko [ll investigated
experimentally the temperature dependence of the jump
of the deformation stress Aa when a metal goes over
from the superconducting into the normal state. At the
present time it is customary to attribute this jump to
the change in the electronic stopping power of individual dislocations in such a transition. It is shown in[ll
that the dependence of Aa( T) on the temperature T is
very close to the temperature dependence of the energy
gap of the superconductor A( T).
We[ 2 l, and also Hoffman and Louat[ 31, obtained a
general expression for the force of electronic stopping
of a dislocation in a superconductor Fs(T, V) (V is
the dislocation velocity). Previously, however, this
expression was not analyzed for all the limiting cases,
and this makes comparison with the experimental results difficult. In the present communication we present the results of a detailed investigation of the dependence of the stopping power Fs(T, V), based on
formula (6) of[ 2 1, on the temperature T and on the
velocity V. The results of the investigation are conveniently represented in the form of the ratio Fs/Fn,
where F n = ( m 2 b 2 A2 ~ / 3w 3 fi 3 ) V is the electronic
stopping power for a dislocation in a normal metal 11 •
An expression for Fn can be obtained by putting A =0
for the energy gap in formula (6) of[ 2 l. This expression
coincides with the expression obtained by Kravchenko[ 4 l
and Holstein[sJ, if allowance is made for some uncertainty in the choice of the constant in the deformation potential. This uncertainty disappears if the ratio
Fs /Fn is investigated.
We note first that in the case of extremely small
velocities the ratio of the stopping powers in the
superconducting and normal states behaves in accordance with the hypothesis by Mason[ 6 1 (see also[ 3 l) like
the ratio of the ultrasound absorption coefficients:
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With increasing dislocation velocity, the temperature-velocity dependence of the force Fs(T, V) becomes much more complicated and its character can
be explained only at a temperature close to the critical
temperature of the superconductor Tc (Tc- T « Tc)
or close to absolute zero T << Tc.
In the case of low temperatures T << Tc, with increasing velocity (T «fiqmV « Tc), the linear dependence of F s ( T, V) on the velocity V gives way to a
square-root dependence, and the character of the temperature dependence also changes somewhat
F. - 21/ nT
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where A 0 = A ( 0) is the value of the gap at absolute
zero. Further increase of the dislocation velocity
fiqm V » T c leads to a turning on of the threshold
stopping mechanism, namely generation of electronhole pairs[ 2 • 31 ; at such velocities, the electronic stopping power of the dislocation in the superconductor
differs only slightly from the stopping power in the
normal metal:
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We now proceed to the case of temperatures close
to Tc. In the narrow velocity interval
ftqm V< 2~(T) ~
6,4 T;'{i- (TiT,)

~

formula (1) is valid. At higher velocities 2A(T)
« fiqm V
Tc we have

«

F,/F.~ 1-~(T)/T,.

With further increase of the velocity ( Vfi~
we have

(4)
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It should be noted that the interval of applicability of
It must be emphasized that when V = Vcr(T)
2 A ( T)/fiqm the curve representing the dependence
of Fs on the velocity has a kink due to the inclusion

formula (1) depends strongly on the temperature.
nwe use the notation of [ 2 ].
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The foregoing formulas enable us to compare the
temperature dependence of the jump in the stopping
power 5F = Fn- Fs with the temperature dependence
of the gap t.( T) 21 • At the lowest velocities, as seen
from (1), the temperature dependence of liF does not
reduce to that of t.(T). At intermediate velocities
(fiqm V
Tc), in accordance with (2) and (4), we have
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Finally, at the highest velocities (fiqm V » Tc) it
follows from (3) and (5) that
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of the aforementioned threshold mechanism of deceleration. The magnitude of the kink is characterized by a
jump of the perimeter
fJF,)
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and can be calculated at an arbitrary temperature:
11(~) =!!_B th~(T)
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where Bn = Fn/V is the coefficient of deceleration in
the normal metal. The kink is maximal at T = 0, and
naturally, vanishes when the metal goes over into the
normal state (t. - 0). The value of the stopping power
Fs at the point V = Vcr has in the limiting cases the
form
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Schematically, the dependence of the dislocation
stopping power in a superconductor on the velocity is
shown in the figure.

Thus, in limiting cases the temperature dependence
of 5F coincides with the temperature dependence of
t. ( T). However, there exists no single linear dependence of liF on t. ( T) within the framework of the mechanism under discussion. It is possible that the temperature variation of the jump of the deforming stress,
which coincides according to[ll with the t.(T) dependem:e in a broad temperature interval, is the consequence of averaging over a large number of dislocations moving with different velocities.
We take the opportunity to thank V. V. Pustovalov
and V.I. Startsev for numerous stimulating discussions.
2l At low temperatures we have ll.(T)

"'"ll. 0 ~-l;o/T.
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