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Abstract—The dynamic retardation of the motion of screw dislocations at point defects is investigated taking
into account the excitation of transverse vibrations of dislocation elements both in the glide plane and in the
plane normal to it. It is shown that the inclusion of the vibrations of the dislocation elements in the plane normal
to the glide plane does not change the dependence of the retarding force on the glide rate and defect concentra-
tion but considerably increases the magnitude of this force (specifically, in the case of the isotropic model, the

retarding force increases by a factor of 2).
PACS numbers: 61.72.Bb, 61.72.Lk
DOI: 10.1134/S1063783407040129

1. INTRODUCTION

Point defects (impurities, vacancies, interstitial
atoms) can exert a significant effect on the motion of
dislocations in the dynamic region, i.e., in the region of
velocities in which the kinetic energy of a dislocation
exceeds the energy of its interaction with point defects
[1]. The force of dynamic retardation of dislocations at
point defects, which is caused by the irreversible con-
version of the kinetic energy of the forward movement
of the dislocation into the energy of transverse vibra-
tions of dislocation elements in the glide plane, was
investigated in [2-8]. It turned out that this dissipation
mechanism can lead to different dynamic behaviors of
screw and edge dislocations. In particular, it was shown
in my earlier paper [5] that, in the region of independent
collisions, the force of retardation of a screw disloca-
tion Fgcr depends linearly on the velocity of dislocation
glide v, whereas the force of retardation of an edge dis-
location Fgp, is inversely proportional to this velocity.
The retarding forces Fycgr and Fgp satisfy the relationship
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where ¢ is the velocity of propagation of transverse
acoustic waves.

However, in contrast to an edge dislocation, a screw
dislocation can execute both vibrational motion in the
plane normal to the glide plane and even a double trans-
verse glide [1, 9]. The motion of a screw dislocation in
the case of a double transverse glide cannot be
described by dynamic equations similar to those used in
[3-8]. However, some glide systems admit small trans-

verse vibrations of elements of a screw dislocation in
the plane normal to the glide plane in elastic fields of
points defects and, nevertheless, exclude the transverse
glide of screw dislocations. For example, this situation
occurs with zinc for dislocations oriented along the

(1120) direction and, at low temperatures, with
sodium for the (111){112} glide system. Systems of
this type are the objects of our investigation.

2. THEORETICAL ANALYSIS

Let us assume that a screw dislocation parallel to the
0Z axis with the Burgers vector (0, 0, ) moves along
the positive direction of the OX axis at a constant veloc-
ity vin the plane y = 0 in a field of randomly distributed
defects under a constant external stress G,. Since the
dislocation elements can execute vibrations with
respect to the unperturbed line of the dislocation in both
the plane y = 0 and the plane X = v, the motion of a dis-
location element can be described by a set of two scalar
equations,
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Here, m is the mass per unit length of the dislocation
and the coefficient [ is determined by the relationship
B = B/m (where B is the coefficient of dynamic retarda-
tion of the dislocation due to the phonon, magnon, or
electron dissipation mechanisms). The quantity X(z, f)
determines the location of the dislocation element in
the glide plane:

X(z,t) = vt+w,(z, 1), 3)

Here, the function w,(z, #) is a random quantity, which
describes the transverse vibrations of the dislocation
element in the glide plane and vanishes after averaging
over the random distribution of defects and over the dis-
location length. In what follows, this averaging will be
denoted by the symbol {...). Upon changing over to the
coordinate system related to the center of gravity of the
dislocation, we obtain the following differential equa-
tion for determining the function w(z, 1):
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Since the formulated problem is solved in the frame-
work of the isotropic model, all coefficients on the left-
hand side of relationship (4) coincide with the coeffi-
cients on the left-hand side of relationship (2) for the
function w,(z, ), which describes the vibrations of the
dislocation elements in the plane normal to the glide
plane; in this case, we have (wy(z, £)) = 0. The right-
hand sides of these relationships involve different com-
ponents of the stress tensor, which are induced by
defects in the dislocation line; more specifically, rela-

tionship (2) contains the component ¢, = Z,N= Xy

Xz, i
(where N is the number of defects in the crystal and 6, ;

is the stress tensor component generated by the ith
defect) and relationship (4) includes the component

N
Oy, = Zm =1
convergence of the integrals appearing in the course of
the calculations. However, in our case, we ignore the
effect of this constant on the retarding force because of

the smallness of the parameter o = Bbv/c>.

G, - Asin [3-8], the constant 3 provides

Let us assume that the vibrations of the dislocation
elements are small. As a result, in the second order of
perturbation theory, we obtain

J0,, J0,,
Fd = b< ax x> +b<a—ywy> (5)

It is convenient to carry out our calculations in momen-
tum space, in which

w.(g, ®) =
wy(gq, ®) =

G(g, w)o,.(gq, ®),

(6)
G(q, )0, (g, ®).
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Here, G(g, ®) is the Fourier transform of the Green’s
function of expressions (2) and (4) (owing to the isot-
ropy of the model used in our calculations, the Green’s
functions of these expressions are identical). As in [3—
5], the point defects are considered dilatation centers.
The required components of the stress tensors have the
form

= R es—=-,  (7)

where | is the shear modulus, € is the misfit parameter
of the defect, and R is the radius of the defect.

The first term in relationship (5) describes the
retarding force of the screw dislocation, which is
induced by the excitation of dislocation vibrations in
the glide plane. With the use of the results obtained in
[5], this term can be represented in the form

= 2 [y, [y
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where S[qi v - c2qz2 ] is the Dirac delta function and n

is the volume concentration of point defects. The Fou-
rier transforms of the required components of the defor-
mation tensor have the form

0,.(q) = uR'e 2L o () = pr'e DL,

q q

Consequently, the relationship for the force of retarda-
tion of a dislocation at defects of the type of the dilata-
tion center can be written as
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This integral diverges at the upper limit. This diver-
gence is usually eliminated using a standard procedure
according to which the upper limit of integration is cut
off at a value of the order of R!. Carrying out the cal-
culations and using the explicit expression for the dis-
location mass [1], we obtain the final relationship for
the retarding force associated with the dislocation
vibrations in the glide plane, which agrees with the
results obtained in [5]:

Fy = nge’ub=, (11)
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where n, = nR? is the dimensionless concentration of
defects. Let us now consider the second term in rela-
tionship (5). This term determines the retarding force of
the dislocation, which is induced by vibrations of dislo-
cation elements in the plane normal to the glide plane.
Carrying out calculations similar to those performed
previously, we obtain the relationship for this term in
the form

oo

5 =
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Note that, for the dilatation center, the stress tensor
components satisfy the equality 6,,(—q) = G;(g). Substi-
tuting the Fourier transforms (9) of the required compo-
nents of the deformation tensor into relationship (12),
we obtain the final relationship for F,, which exactly
coincides with relationship (10) for F,. Therefore, in
the isotropic case, the excitation of dislocation vibra-
tions in both the glide plane and the plane normal to the
glide plane introduces an identical contribution to the
retarding force of the screw dislocation and the total
retarding force, which is determined by this dissipation
mechanism, has the form

F=F+F, = 2n082ub—cv:. (13)

Consequently, the inclusion of the dislocation vibra-
tions in the plane normal to the glide plane leads to the
fact that the retarding force of the screw dislocation,
which is governed by the dissipation mechanism under
consideration, increases by a factor of 2, whereas the
dependence of this force on the dislocation glide veloc-
ity and concentration of points defects remains
unchanged. This result is obtained for defects of the
type of the dilatation center. However, it is easy to ver-
ify that this result is valid for all defects whose defor-
mation tensor can be represented in the following form:

2

677

Here, f(r) is an arbitrary function of the distance from
the point defect to the point under investigation and M
is a coefficient that is dependent on the elastic moduli
of the crystal and on the defect power. In this case, the
retarding forces satisfy the equality F; = F,; i.e., the
retarding force also increases by a factor of 2 and is pro-
portional to the concentration of point defects and dis-
location glide velocity. However, the proportionality
coefficient will naturally be different. The same depen-
dence of the retarding force on the concentration and
velocity should also be retained for the defects under
investigation in the anisotropic case, in which, however,
the equality F, = F), is not fulfilled and the numerical
coefficient in formula (13) depends on the ratio of the
corresponding elastic moduli.

3. CONCLUSIONS

The allowance made for the specific features of the
dynamic behavior of screw dislocations in calculations
is of particular importance at low temperatures and
high impurity concentrations.
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