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The large critical currents (lO5 - 106 A/cmz) attained presently in superconductors of
the second kind with large k [1] are attributed [2] to the presence of various crystal-lattice
defects or other inhomogeneities in such superconductors. These hinder the viscous motion of
the vortex filaments in the mixed state [3] ﬁnder the action of the lorentz force produced by
the transport current. Such "blocks" to the vortex filaments may be, in particular, disloca-
tions (see [4] and the bibliography in the review [5]) and other elastic inhomogeneities.

The interaction of vortices with the elastic field is determined by two prinecipal
factors. In the mixed state of a deformed superconductor, owing to the difference between
the elastic moduli of the superconducting and normal states, an additional elastic energy (4]
(quadratic in the deformations) is produced as a result of the alternation of the normal re-
gions in the vortex lattice. At the same time, owing to the contribution of the magnetic and
kinetic energles of the superconducting condensate to the pressure, there is also a magneto-
elastic interaction which is linear in the deformations. At atomic distances near the dis-
location line, both contributions to the energy are in general comparable in magnitude. Actu-
ally, however, owing to the macroscopic coherence of the electronic states, which is charac-
teristic of superconductors, the elastic dislocation field is effectively smoothed out over
distances on the order of the electron correlation radius, which greatly exceeds the atomic
radius of the dislocation core. The main role should therefore be played by the magneto-
elastic interaction that is linear in the deformation, whereas the quadratic terms should be
negligibly smail.®

To calculate this interaction it is sufficient to determine the change in the energy
of the vortex lattice under the influence of the elastic field. It is known [3] that at large
® and not too strong magnetic fields, H << Hca, the vortices can be described (see [3,6]) by
the London local equations [T]:

curl H=47N_ev, jcurlv =~(e/mH, (1)

vhere \'r's = (VX - 2Z°K)m is the velocity of the superconducting condensate (i =c¢ = 1), X is
the phase of the ordering parameter, H= curl Z, and Ns is the density of the superconducting

electrons. In the same approximation, the energy is equal to
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The presence of an elastic field leads to a spatial change in the density Ns(r); in the
simplest isotropic case this change can be described locally as follows:

Ng(r)
-—8‘—-'——=1+y0”(l'); y=V
N av

(lnNs )T (3)

(ull is the trace of the strain tensor). When T = 0 and in a contaminated superconducting al-
loy (f << EO’ ! - mean free path, §0 ~ vO/Tc - correlation radius in a pure superconductor),
N is determined by the following formulas [8]:

] nmp, do 2 ‘
N, =aNr A(0); = f lu(g) X1 -cosh),

r F 4n

tr

where N and n are the densities of the electrons and of the impurities, A(0) ~ Tc is the

BCS gapat T =0, and T is the transport free path time. From this we can easily get the

e tr

value of ¥ [3]:

1
y-—-—+V
3 aVv

laT,_. (4)

The vortex lines are defined mathematically as the singularity lines of the supercon-
ducting velocity Vgs such that the integral over an infinitesimally small contour Ci enclosing
the filament is equal to {3]

§Vsdr = _1_
o m

Taking this condition into account and integrating the first term in (2) by parts with the aid
of (1), we obtain [3]

E - —— S (diH(r,), (5)

8e

where the integration is along the filament and the sum is taken over all the filaments. Sim-
ilarly, integration of the first equation of (1) over an infinitesimally small contour en-
closing the filament yields

‘§ oH pd(bﬂ T N’(rl) ; _,__= 4'I!s_li
C,' ap 082 NS 82 m

(5 is the depth of penetration of the field). From this, with allowance for (3), it follows
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that in the vicinity of the vortex filament we have

Tryon (i) ln8—+H (6)

He .
2382 p' reg

where Py is the distance from the filament.

When (6) is substituted in expression (5) for the energy, the regular term Hreg deter-
mines the energy of interaction of the vortex filament, and the first term after cutoff at
the radius of the vortex core, £ ~ ‘ﬂTO-’ gives a logarithmically large self energy of the
vortices [3], which includes in our case the potential U of the interaction between the
vortices and the elastic field (E = eozif dli + U). Thus the potential energy of vortex fila-

ments in an external elastic field assumes finally, with logarithmic accuracy, the form

In«x 8
U= ye , Zfdlu,, (1, ), = — _>' (D
o <telivr i) (‘o Tees ) 7

where < is the self energy of the vortex per unit length and y is given by (3) and (4).

By varying (7), we can readily determine the force acting on a unit length of the fila-
ment in the elastic field:

Fa- Su
&t

n
= on[f['VU”]] +‘§'U”]-

Here T and n are the unit vectors tangential and normal to the vortex filament and R is
the radius of curvature of the filament.

By way of an example, let us consider the interaction of a straight vortex filament
situated in the (x, y) plane and parallel to the x axis, with a wall of edge dislocations
directed along the z axis and lying on the x axis parallel to the Burgers vector b. In this
case u,, (see [9]) and the filament potential (7) per unit length (U = Iu, L - length of
filament) take, as can be easily verified, the form

1/2 -0 b sh2(zy/d)
v, (x,y) = _— ’
1-0 d chXay/d)-cos(ax/d) (8)
1/2 - o yeob .
U = signy
l~0o

(@& 1is the distance between dislocations). It follows from the foregoing that the potential
jump (8) at y = O should be "smeared”" over a distance on the order of g.*"* The maximum
force Fc per unit vortex length is therefore of the order of

yegh 1/2 -0 E1/2-0

F_ o Nyansz-—
< dé& -0 d 1-¢
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The corresponding critical current ;] is determined from the equality of the Lorentz

force ¢ (,jtb ) (<I> = mfic/e - quantum magnetic flux of vortex) to the force Fc. The maximum

va.lue of ,j is obvious]y attained when d ~ £. Estimates show that values jcma.x ~ lOu - 106

A/ cm are attainable at a dislocation density 1010 - 1012 cm-e, giving sensible orders of
magnitude.
The author is grateful to I. M. Lifshitz for a discussion of the work.
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*
This circumstance is not taken into account in [4,5], where the linear terms are
discarded.

*
For most superconductors, y is apparently determined essentially by the derivative
aTc/av. For tin, for example, y ~ 10.
I

This question calls for further research, since u,, in contaminated alloys is
smoothed out over the mean free path f. In the assumed appréxima.tion, however, the distance
between the vortex filament and the dislocation is determined accurate to the radius of the
vortex core § ~ ,/5071 >> 1. By way of precaution we assume here a low estimate of the cur-
rent j,, corresponding to the smoothing of the jump (8) over the length &.
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