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The self-consistent problem of dislocation motion in a periodic lattice field with allowance for reac
tion of the elastic self-field is investigated. The external stress r required for maintaining station
ary dislocation motion with a constant mean velocity v is found as the eigenvalue of equations deter
mining the self-consistent law of motion of the dislocation. The equations are solved exactly for a 
piecewise-parabolic and approximately for a sinusoidal Peierls relief. In the general case, the 
dislocation emission spectrum consists of a broad range of frequencies which are multiples of the 
characteristic frequency of dislocation-field variation. Stationary motion is found to be possible 
only for velocities exceeding a certain critical velocity Vc. Calculation of the dependence T( v) 
shows that radiative friction does not ensure stability of stationary dislocation motion at nonrela
tivistic velocities. Instability of motion can be removed by additionally taking into account viscous 
friction of phonon or electron origin. With growth of viscous friction the critical velocity decreases 
and the minimal Peierls dynamic force tends to the static value. 

TRANSLATIONAL motion of a straight-line disloca
tion in a crystal causes a periodic change in the atomic 
structure of its nucleus, as a result of which the dislo
cation must overcome a certain energy relief called 
the Peierls reliefYl Let the dislocation move along 
the x axis, for which the translation period is equal to 
a. Then the Peierls relief is described by the periodic 
function U(x) = U(x +a), where U is the energy per 
unit length of the dislocation. The static resistance of 
the lattice to the motion of the dislocation is deter
mined by the Peierls force F1r = -(aujax)max. corre
sponding to a starting stress T1r = b-1 F1T, needed to 
start the motion of a dislocation with Burgers vector 
b. The stress T1T is not needed to maintain the disloca
tion motion, since the work of the external forces is 
required in this case only to compensate for the losses 
of mechanical energy of the dislocation on going from 
vertex to vertex of the Peierls relief. The Peierls 
dynamic force thus differs in nature from the static 
force F1r, and reduces in fact to radiation friction due 
to nonuniformity of the dislocation motion over the 
Peierls relief. 

Depending on the degree to which the presence of 
the relief perturbs the uniform motion of the disloca
tion, a change takes place not only in the value of the 
radiation friction, but also in the character of the radi
ation itself, namely, the larger the perturbation, the 
broader the frequency spectrum of the radiated elastic 
waves. In this sense, the assumption made in[2• 3 l that 
the entire radiation occurs in a single mode correspond
ing to the characteristic frequency of the change of the 
dislocation field w1 = 21Tv/a (v-average velocity of the 
dislocation) is equivalent to the hypothesis that the 
perturbation is small; this hypothesis, as we shall 
show, is in general incorrect. Attempts[ 4- 6 l to investi
gate the problem with allowance for the entire spec
trum of the radiation are specially of methodological 
character on two counts, since the crudeness of the 
employed models (modifications of the Frenkel-Kon
torova model) and the absence of self-consistency do 

not make it possible to expect a correct quantitative 
description. 

Another important aspect of the problem, which is 
usually ignored, is the very possibility of stationary 
dislocation motion at a given average velocity. For a 
rigorous solution of the problem of the dynamic 
Peierls force it is necessary to have a self-consistent 
determination of the law of motion of the dislocation in 
a periodic potential field with allowance for the reac
tion of the radiation. Such an approach was first indi
cated in [?J, of which the present article is a develop
ment and generalization. 

FORMULATION OF PROBLEM 

Let a linear screw dislocation with Burgers vector 
b = (0, 0, b) overcome the Peierls relief under the 
influence of a constant external force f and move in 
the XZ plane in accordance with a law x = x(t). The 
dynamic elastic field <Tij(x, y, t) generated by the dis
location acts on the dislocation with a force F(t) 
= b<T yz (x( t ), 0, t], which plays the role of the effective 
inertia force (all the forces pertain to a unit length of 
the dislocation). The equation of motion of the diSloca
tion is 1>: 

{) 
f = -F(t)+-U[x(t)]. ax (1) 

In the stationary case, Eq. (1) determines both the 
law of dislocation motion x(t) and the possible values 

!)In principle, the entire right-hand side of (I) is the dynamic self
action of the dislocation. Its subdivision into two terms is connected 
with separation of the function ilU/ilx, which is periodic and x and is 
due to the structure of the nucleus of the dislocation and the transla
tional symmetry of the crystal. This part of the self-action cannot be 
calculated by elasticity theory, unlike the first term, which depends 
logarithmically on the dimension of the nucleus of the dislocation (see 
(5)), and for which, therefore, a continual estimate is sufficient. We 
shall later substitute phenomenological expressions for the static Peierls 
relief in (I) for U(x), neglecting the dynamic corrections, which are 
small so long as the dislocation velocity is v ~ (r7r/JJ.)'Act (see, for ex
ample, the estimate in [8 ] ). 
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of the force f as eigenvalues that admit of periodic 
solutions for the function x (t) at a given average 
velocity 1i = v. In this sense, the problem is self-con
sistent. 

Using the electromagnetic· analogy indicated by 
Eshelby1toJ we can treat this as a problem of self
consistent one-dimensional motion of a charged fila
ment in its own electric field Ex(x, y, t) and in a 
certain time-constant external periodic field Ex(x) 
= Ex(x +a). According to[s) 

F(t)=-~{s' d':c(t')/dt" dt' 
4nc,' -~ [ (t- t')' + r,'fc,') '!. 

+ __!_ f [ (t- t')' + ~]-''• r,'_ d :c(t)- :c(t') dt'} + 0 (2:.) 
2 c,' c' dt' t-t' 2 • -~ t c, (2) 

Here iJ. is the shear modulus, Ct the velocity of the 
shear waves, and V(t) = max{x(t')} at - oo < t' < t. 
The divergence of the elastic field on the dislocation 
axis is eliminated by smearing the nucleus of the dis
location over a region of radius r 0 ~ a. 

In the case of stationary motion, the velocity of the 
dislocation oscillates about a mean value v with a 
period T = 2rr/ w 1 , and these oscillations are not sinu
soidal even for a sinusoidal Peierls relief. Taking into 
account, unlike in [2 ' 3 ], all the harmonics wn = w 1n and 
the law of dislocation motion, we have 

:c(t) = vt + L, s.e•·.•. 

The time is reckoned in such a way that at t = 0 the 
dislocation is at the vertex of the relief. Substitution 
of (3) in (2) gives for non-relativistic velocities 
v « ct gives 

F(t) = E s.e••.•ro.'M(ro.), 

(3) 

(4) 

where the effective mass M( wn) is given, accurate to 
terms of order wrrro/ ct. by the relation21 

JJ.b' [ yc; :n; ] (5) M(ro.)=--, ln--i-sign(ro.) . 
4nc, ro.r, 2 

Here ii is the number of harmonics that make the main 
contribution to expressions (3) and (4}, and y is the 
numerical factor of the order of unity (according to[ 8l, 
y f';; 1.12}. The real and imaginary parts of M(w} are 
connected by the usual Kramers-Kronig dispersion 
relations. 

2. SOLUTION OF THE PROBLEM FOR A PIECEWISE
PARABOLIC PEIERLS RELIEF 

If the Peierls relief is approximated by the system 
of parabolas 

U(:c)=F. (:c-na)'' a a 
a -T~:c-na~2 . n=0,±1,±2, ... 

(6) 
then Eq. (1) is piecewise-linear and admits of an exact 
solution for motions such that the dislocation is situated 

2lit follows from ( 4) and (5) that the radiative deceleration of the 
dislocation does not reduce to a differential dependence on the law of 
motion (owing to the factor sign wn), i.e., it is not local in the time, 
unlike the dynamic friction of a pointlike elastic-field source-an in
flection on the dislocation, which, just as in the case of an electric point 
charge, is proportional to x" (see [ 10) ). 

within the lim its of one relief valley during the time of 
one period: 

0 ~ t ~ a I v, -a I 2 ~ :c ~ a /2. (7} 

It will be shown below that this condition is satisfied 
at dislocation velocities v that exceed a certain critical 
velocity Vc· When v < vc, Eq. (1) has no stationary 
solutions (see the Appendix) and consequently vc is the 
minimum possible average velocity of the stationary 
motion of the dislocation. 

Thus, let v > vc and 0 s t s a/v. We expand the 
first term of expression (3) in a Fourier series on the 
segment (0, a/v]. SUbstituting the results, together 
with formulas (4} and (6), in Eq. (1) and equating the 
coefficients of like harmonics, we get 

S• = ~a:n;k / (- 1 + ~::b M ( ro,)) ' 

So=_.!:__~ '• 
l """" ~ ' != -2F. t :•, 

and consequently 

2 ~ vn 

k=-oc 

IJ.,.:O 

T=-T31./...J 
rl n=t (1-ll,n')' + v'n' ' 

:c(t) = vt-~ 
2 

(8} 

(9} 

+ 2_ a i1 [ ( 1 - 6,.n') cos ( ro.t/2) + v n' sin ( ro.t/2) 1 sin ( ro.t/2) 

n =: (1- 6,.n')' + v'n' n (iO) 

Here T = f/b is the radiation friction (the Peierls dy
namic stress), 

zt JJ. v' b yc, 
6.=---, -In-, 

2 Tn: Ct a ffinro 

Neglecting in (9) and (10) the logarithmic dependence of 
l>n on n, we can use the Poisson summation formula 
to transform {9} and (10) into 

where 

4~" '6 sin' nk(1- y) } 

-7""-'<k+~')'+W')' ' 
l!=t 

(12) 

_ , iB" _ (V6;;' + v•+ 6;; \''' . (VII;;'+ v• -II;; )'I• 
~- ~ + ' - 2 (II-" + v') ) +' 2 (11-2 + v') ~ 

, n 1(' ,8) n ' 

= &-'/, 1 + ! 2 ' 
n ' 

21 yc1 . d vt 
e=n/ n-, 1jl(:c)=-d Inr{x), Y=-, O~y,;;::t. conro ~ X a -.::::: 

It is seen from (10) that at sufficiently high veloci
ties, when l>n » 1, the deviation of the dislocation 
motion from uniform motion is small and condition (7) 
is certainly satisfied. 

On the other hand, it is easy to verify that at low 
velocities this condition is violated, and the dislocation 
goes ove•: at a certain instant t < a/v into the neigh
boring ·nll of the relief. For example, at l>n < 1 the 
law r,f ..~islocation motion is described, accurate to 
ter r.s of order £1># 2, not by (12} but by the function 

:c(t) ~ 1/2a(i- 2e-··~·· cos 2nfl'y), (13) 
'~ .' ,ch has at 0 < y < 1 a range of variation exceeding 
t u interval ( -a/2, + a/2). 
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FIG. I. Dependence of the critical 
velocity v c on the height of the Peierls 
relief:\ = 11/r rr· 

FIG. 2. Deviation of the dislocation 
motion from linearity for parabolic(a) and 
sinusoidal (b) reliefs. x0 (t) = x(t-~0 /v); 
:\= 104 ;curves l-v=8.34·10-3 ct, 2-
v = JQ"2 Ct. 

A numerical analysis of expression (10), carried 
out with the aid of a computer, has shown the existence 
of one critical velocity vc, above which the solutions 
(9)-(12) are valid, and below which, as already men
tioned, Eq. (1) has no stationary solutions at all (see 
the Appendix). Figure 1 shows the numerically
obtained dependence of the critical velocity vc on the 
height of the Peierls relief3 >. Attention is called to the 
high values of vc: for a relief with X.= J-1./Trr ~ 104-102 

we have vc ~ (10-2-10-1 )q, which is at the limit of 
the velocities attainable by dislocations. 

Figures 2a and 2b show the oscillating part of the 
dislocation motion over parabolic and sinusoidal re
liefs at A = 104 for two velocities, v = 10-2 ct and 
v = vc = 8.34 x 10-3 ct. We see that with decreasing 
average velocity v the degree of nonuniformity of the 
dislocation motion increases strongly. 

It is interesting to note that at velocities v close to 
vc, the dislocation executes a small-scale backward 
motion before going over to the neighboring valley of 
the potential relief (Fig. 3). The existence of the return 
motion in the near-critical situation follows analytically 
from the positiveness (at any v, including v = vc) of 
the instantaneous dislocation velocity at the instant of 
transition t = a/v, as can easily be verified by sum
ming term by term the differentiated series (10)4>. 

3lrn all the numerical calculations it was assumed that b = a= r0 . 

4l Calculation of x(a/v) by formula (12) requires caution, in view of 
the fact that term-by-term differentiation of the series ( 12) is incorrect 
at y = I. 

This singularity is a reflection of the nonlocal charac
ter of the effective mass of the dislocation (see (2)) 
and, as shown by an additional investigation, is not 
connected with the approximations made on going over 
from formula (2) to expressions (4) and (5). 

The dynamic Peierls stress T in the high-velocity 
region (on: » 1) can be calculated from formula (9 ), 
provided we neglect in it the logarithmic dependence 
of On on n, and replace 1 - Onn2 by - on:n2 , which 
yields, accurate to terms of order ln-3 (yq/wn:r0 ), 

tzt. ---- In'-'-+-I n f.t v' b [ yc n' J 
.. 2.4 t, c12 a ffi;;r0 4 · 

(14) 

The fact that expression (14) is 1.2 times larger than 
the first term of the expansion (8) indicates that the 
radiation of the dislocation is essentially not of the 
single-mode type, even at high velocities. 

3. SOLUTION OF THE LINEARIZED PROBLEM FOR 
A SINUSOIDAL PEIERLS RELIEF 

Compared with the piecewise-linear approximation 
of the Peierls relief which was considered above, the 
sinusoidal relief 

F.a x 
U(x) =--sin' n- (15) 

n a 

is much closer to reality. Substitution of the relief 
(15) in (1) yields the nonlinear equation 

-.t ~ne 1"n1ffin2M(ffin) = f- Fn sin [ 2~0: ( vt + t £ne'"n1 )] • (16) 

This equation can be linearized if the dislocation 
motion (3) differs little from linear. Expanding the 
sine function in the right-hand side of (16) in powers 
of 

and neglecting in this expansion the terms of order 
jrp(t)j 2 , we obtain a linear equation corresponding to 
a system of linear difference equations for the ampli
tudes ~n: 

a,£, + £,e-'' = iae'' I 2n, 
Un£n + 1;n-teix + £n+te-H-: = 0, n ?.=:=: 2; 

j = 2nF. Re{£,e-'' I a}. 

We have introduced here the notation 

an=2n'(-6n+iv), x=2n~. 
n a 

(17) 

(18) 

(19) 

The solution of the infinite system (17) can be repre
sented in the form 

where A~ is the determinant of the matrix, in which 
the diagonal elements form the sequence ak, 
ak+h .•. , an, the near-diagonal elements are each 
equal to 1, and the remaining elements are equal to 
zero. 

(20) 

The coefficient ~o is determined by the initial con
dition x( 0) = -a/2, which is equivalent to the equation 
x0(~ 0 /v) = -a/2. Here x0(t) is a function specified by 
formulas (3) and (20), in which we put ~ 0 = 0. The law 
of motion x(t) is obtained from x 0(t) by a simple time 
shift: 
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x(t) =Xo(t+£o/v). 

It is easy to verify the validity of the recurrence 
relation: 

(21) 

(22) 

with the aid of which we can express ~ 1 in terms of a 
continued fraction 

ia . 
[;, = zne'" ---.1----

a,- ---..,-1---
a,----.--

a,.-· .. 

Knowing ~ 1 , we can determine the coefficients ~n 
from the recurrence equations (17). 

(23) 

We obtain a formula for the dynamic Peierls force 
by substituting (23) in (18) and changing over, as in the 
preceding section, from forces to stresses: 

r = 1", Im l -i -i l a,+ -1 
a,+ -1 . 

···+an+··· 

(24) 

A numerical analysis of the law of motion x(t) 
shows that, just as on a parabolic relief, at high veloci
ties ( 1i 1 » 1) the deviation of the dislocation velocity 
from uniformity is small (curve 2 on Fig. 2b). The 
asymptotic behavior of the dynamic Peierls force, 
which follows from formula (24), differs in this case 
from (14) only by a numerical factor on the order of 
unity 

(25) 

With decreasing average velocity v, the degree of 
nonuniformity of the dislocation motion increases, the 
amplitude of the oscillations of the function cp ( t) in
creases, and the reliability of the linearization be
comes worse. The oscillating part of the law of dislo
cation motion, shown in Fig. 2b, differs from the func
tion cp ( t) by a factor 1/ 2rr. Curve 1, plotted for the 
velocity that is critical for the parabolic relief, yields 
for cp(t) an amplitude close to unity. Thus, within the 
framework of the linearized problem, the motion of 
the dislocation over a sinusoidal relief can be investi
gated only at high velocities, when 5 1 » 1. Violation of 
the linearization condition (I cp ( t) I « 1) hinders this 
approach to the investigation of phenomena of the 
critical-velocity type. 

4. DYNAMIC PEIERLS FORCE UNDER VISCOUS
DISSIPATION CONDITIONS 

The results obtained above were based on the as
sumption that the radiation of the elastic waves is the 
only dissipative process slowing down the dislocation 
motion. It is natural to extend the problem to the case 
when the dislocation is acted upon, in addition, by 
some viscous-friction force ffr = -Bx (B is the 
braking coefficient). An example may be friction of 
phonon or electron origin. In particular, the inequality 
awn/ ct << 1, which we have assumed to be satisfied, 
is at the same time the condition for the smallness of 
the phonon relaxation time (at temperatures on the 
order of the Debye temperature and above) compared 

-- 10 2 

I ~-r:::: 2 --b 103 
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FIG. 4. Dependence of the critical velocity Vc on the viscosity 0! 

and on the height of the parabolic relief.\. 

with the characteristic time of dislocation motion. 
The necessary generalization of the equation of 

motion of the dislocation is attained by adding to the 
left side of (1) the additional force ffr· The obtained 
equation can be investigated in analogy with the fore
going analysis of Eq. (1). The law of motion is ob
tained from (10) for a parabolic relief and from (3) and 
(20) for a sinusoidal relief, by replacing v in them by 
v + 2a ..fi/ n, where a = ( Bcz/bJ..L) h.a/b (for typical 
values B ~ 10-4 P, ct ~ 10 5 em/sec, b ~a~ 10-8 em, 
J..L ~ 10 11 dyne/cm 2 , and .\ ~ 10+4 we have o: ~ 1). The 
eigenvalue T, i.e., the dynamic Peierls stress, is 
made up of the radiative and viscous stresses 

t(v) = Trad(v) + b-'Bv, 

with the radiative stress Trad(v) determined by 
formulas (9) and (24) with the already indicated re
normalization of the parameter v. 

(26) 

In this case the spectrum of the allowed velocities 
for the parabolic relief is also bounded from below, 
and the critical velocity decreases with increasing 
viscosity (Fig. 4 ). It is easy to verify, however, that 
there exists a certain limiting a = ac, above which 
there is no critical velocity. In fact, summing the 
series (9) and (10) with a ..ff:> 1, lin= 1i:n, and with 
renormalized v, we. obtain a law of motion satisfying 
the condition (7): 

(I) a+ 1-exp{-2F,y/Bv} 
x =-2 a 1-exp{-2F,/Bv} + 

+-a- ch{2rr'Bv(y- 1/ 2)i<'I;;F,)-ch{rr 2Bv;ll;,F,} 0 { 
8a 2e sh {n'Bv;B;;F ,} + 

and the dynamic Peierls stress 

"t"="t",{cthBF, --4 \ cth~'BFv}+o{ ~ }· (28) 
v a e un n (2a e )4 

Formulas (27) and (28), obtained in the approximation 
fV « o:, are not violated5> at sufficiently large o: up 
to the velocity region corresponding to lin» 1. But at 
such high velocities, as we have already seen, the de
gree of nonuniformity of motion of the dislocation is 
small, and satisfaction of condition (7) is ensured. 
Thus, from the existence of a critical velocity at 
a = 0 and from the absence of such a velocity at 

5l It should be noted that the inequality 0! yc > 1 actually does not 
limit the velocity from below, since at low velocities n ~ oii-7\ and wii 
and consequently E, are independent of the velocity. 
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0 

FIG. 5. Maximum values of the radi
ative stress T c = T rad (v c> as a function of 
the viscosity a and the height of the para
bolic relief X. 

FIG. 6. Dynamic Peierls stress for a 
parabolic relief as a function of the velo
city v and of the viscosity a. X = I 04• 

Curves 1-a = 0.4; 2-a = 1.0; 3-a = 3.0 
>ac. 

a >> E-J/ 2 follows the existence of a certain ac ~ C 112, 
which separates these regions. A numerical analysis 
has confirmed this conclusion. Figure 4 shows the 
numerically obtained dependence of the critical velocity 
v2 on the viscosity a and on the height A of the Peierls 
relief. 

An analysis of the T rad( v) dependence shows that 
at high velocities ( ..fV » a) the viscosity does not 
come into play in the radiative deceleration and 
Trad(v) is determined by the asymptotic formulas (14) 
and (25). With increasing velocity v, the viscosity 
exerts an ever-increasing influence on the character 
of the radiative stress. Thus, at a > ac in the velocity 
region F'1r/B < v <ct-./a/A, according to (28), the 
radiative stress decreases like 1/v: 

Trad ~ T,F,/3Bv. (29) 

Figure 5 shows the maximum radiative stress 
Tc = Trad(vc) for a parabolic Peierls relief as a func
tion of the viscosity and of the height of the relief. 
When a > ac, the maximum radiative stress is at
tained at v = 0 and, as can be seen from formulas (26) 
and (28), Tc = Trad(O) R$ T1T• On the other hand, allow
ance for the radiative losses greatly distorts the linear 

dependence of the stress on the velocity which is 
customary for viscosity. Figure 6 shows the stress 
T(v) obtained numerically for A= 104 and a = 0.4, 
1, and 3. It should be noted that, in accord with 
formula (28), when a = 3 > ac the dynamic Peierls 
force is practically constant in a wide velocity interval 
(O-l0-3 ct ), and is close to the static value, i.e., an 
effect of the dry-friction type is observed. 

Finally, it is seen from Fig. 3 that when a < ac 
and v R$ vc, there remains a small return motion of 
the dislocation prior to the transition to the neighbor
ing valley of the relief. 

5. DISCUSSION 

stationary motion of a dislocation in a periodic po
tential Peierls relief, investigated by a self-consistent 
method for a piecewise-parabolic and in part for a 
sinusoidal relief, reveals a number of common proper-

ties that apparently do not depend on the concrete form 
of the relief. 

At high velocities, when the kinetic energy of the 
dislocation greatly exceeds the Peierls energy ( 61 

» 1), the potential relief exerts only a weak perturbing 
influence on the dislocation motion, and the fundamental 
harmonic w 1 predominates in the radiation (the contri
bution of the higher harmonics to the dissipation, how
ever, amounts, according to (14), to not less than 20% 
of the contribution of the fundamental harmonic). In 
this velocity region, the radiative friction is small and 
decreases with increasing velocity like v-2 (see (14), 
(25)). With decreasing velocity v, the degree of non
uniformity of the dislocation motion increases (see 
Fig. 2), and accordingly the radiative losses increase, 
the radiation of the higher harmonics becoming more 
and more effective. Unfortunately, at the same time 
the problem for the sinusoidal relief becomes less 
amenable to linearization, and therefore an investiga
tion of low-velocity effects has been carried out only 
for a parabolic relief. 

In the case of a parabolic relief, a decrease of the 
velocity is possible down to a certain critical velocity 
vc, below which no stationary motion is realized. This 
is connected with the absence of large-scale backward 
displacements of the dislocations during the course of 
motion, although small-scale oscillations do take place 
at velocities close to vc (Fig. 3). We note that the 
existence of the critical velocity is in itself not peculiar 
to the dislocation. The presence of such a critical 
velocity is characteristic, for example, of stationary 
motion of a small sphere on a wavy surface. The mini
mum average velocity corresponds in this case to 
motion with zero kinetic energy on the top of the 
relief. The fact that this peculiarity of the dislocation 
motion escaped notice in[2- 61 is connected with the non
self-consistent formulation of the problems considered 
in these papers. In[7l, the phenomenon of critical 
velocity was not observed, in spite of the self-con
sistent approach to the solution of the problem, since 
it was not noted that conditions (7) are violated at low 
dislocation velocities. 

The phenomenon of the existence of the critical 
velocity remains in force also under conditions of 
viscous dissipation but, as shown by an exact solution 
of the problem for a parabolic relief, at not too high 
viscosity values. When the viscosity exceeds a certain 
limiting value ac, the stationary motion is realized at 
all velocities v. As expected, the critical velocity vc 
decreases with increasing viscosity (Fig. 4) and in
creases noticeably with height of the relief (Figs. 1 
and 4). The radiation stress assumes a maximum 
value at v = vc, and it is seen from Fig. 5 that for the 
cases in question Trad(vc) lies in the range from 
0.1 T1r to T1T• 

Without allowance for viscosity, the Peierls dynamic 
force reduces to radiative deceleration T rad and is 
characterized by a decreasing function of the velocity, 
corresponding to instability of the stationary motion of 
the dislocation. Viscous dissipation adds to this force 
a term linear in the velocity, so that the total Peierls 
dynamic stress (26) for not too high a viscosity goes 
through a minimum at a certain velocity v0 , and in
creases linearly at higher velocities (see, for example, 
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curves 1 and 2 on Fig. 6). The stationary motion of the 
dislocation is stable only if v > Vo. v0 decreases with 
increasing viscosity, and at a >a~> ac the minimum 
on the r( v) curve vanishes, and the stationary motion 
of the dislocation becomes stable at all the velocities 
v. In a wide interval of velocities 0 < v < F1T/B, the 
Peierls dynamic force is close to static (see formula 
(28) and curve 3 of Fig. 6) and does not vanish as 
v- 0-this is an example of dynamic "dry friction." 

The investigated problem is to a considerable de
gree model-dependent, since at sufficiently high dislo
cation velocities ( V / ct ? ( T 1T / J..L )J/4 ) the quasistatic 
approach used by us in writing down Eq. (1) is no 
longer applicable and it is necessary to take into ac
count the dynamic properties of the atomic configura
tion of the dislocation nucleus. In addition, we ignored 
in the solution the flexibility of the dislocation and the 
effect of ejection of double inflections. It should be 
noted, however, that an analogous character should be 
possessed also by motion of an inflection on the second
ary Peierls relief, which frequently determines the 
mobility of the dislocation under practical conditions. 

In conclusion, the authors are deeply grateful to 
V. M. Chernov for great help during the preparation 
of the article. 

APPENDIX 

We assume that a stationary solution of (1) exists 
when v < vc. Then, as shown in Sec. 2, the dislocation 
goes out from the region (-a/2, a/2J during the period 
(0 < t < a/v). In this case Eq. (1) takes the form 

- _t~,,e'"•'w,'M(w,) = f- 2F" : + 2F" [.t 1J ( x + ; - ka) 
k=-""' h=t 

where 

-i>( -x- a2-ka )], 
k=O 

1J(z)= { 1, z>O, 
0, z ~0. 

(A.1) 

Expanding the right-hand side of (A.1) in a Fourier 
series on the segment [ 0, a/v J and equating coeffi
cients of like harmonics, we express the law of motion 
x(t) in terms of the known function x< 0 >, which is de
fined by formula (10): 

x(t) = x('>(t) + 1) .r<'>(t- tm,,)- .r<'>(- tm.d ]B}.i(tm,,)}. (A.2) 

Here tm,k is the instant of the m-th transition 
through the k-th vertex of the Peierls relief (see Fig. 
7). The values of tm,k (m = 1, 2, ... ) are determined 
by the equations 

x(tm, ,) - .r(O) = ka, 

k = o, ±1, ±2,... (A.3) 
The ends of the temporal interval ( 0, a/v) enter in the 
series tm k only if the function x(t) approaches the 
corresponding limiting value x(O) or x(a/v) from the 
outside of the interval [-a/2, a/2]. The function IJ(x) 
is defined as 

O(x) = { 1, x > 0 
-1, x<O, 

FIG. 7. Illustrating the deter
mination of the instants tm, k of 
passage of a dislocation through 
the vertex of the Peierls relief. 

0. t ------

The value of 11(0) is not uniquely defined. If tm k 
E (0, a/v) is a point of maximum or minimum rff the 
function x(t), then e{x(tm k)} = 0. If tm k E (0, a/v) 
is an inflection point, then 'etx(tm k)} = B{x(tm k 

,L ' ' +At)- x(tm k- At)J. If the extremum point coincides 
with one of the ends of the interval ( 0, a/ v ), then 
e{x(tm k)} = -1. 

Thus', the problem of the existence of a stationary 
solution of Eq. (A.1) reduces to the problem of the 
existence of a solution of Eq. (A.3). Equation (A.3) was 
investigated numerically by successive approximations. 
The transition from the n-th approximation to the 
( n + 1 )-st was by means of the formulas 

x<•+'J(t)=x<'>(t)+ _E [x<0l(t-t~~.)-x<'J(-t~".>, )]B{i(t.~"~ )}, (A.4) 
m,k 

where till>k( are the solutions of Eqs. (A.3) in the n-th 
approximation. 

A numerical analysis has shown that when v < Vc 
the iteration process (A.4) diverges, and consequently 
Eq. (A.l) has no stationary solutions. The value of vc 
itself was found as the largest root of the system of 
equations 

x<'J(t, v) -x<'>(O, v) =a, 

x<'>(t, v) = 0. 

1 R. E. Peierls, Proc. Phys. Soc. Lond., 52, 34 
(1940 ). 

2 E. W. Hart, Phys. Rev., 98, 1775 (1955). 

(A.5) 

3 A. Seeger and W. Burkhardt, Handb. Phys., 7, 623 
(1955). 

4 J. H. Weiner, Phys. Rev., 136, A863 (1964), 
5 W. Atkinson and N. Cabrera, Phys. Rev., 138, 

A763 (1965). 
6 V. Celli, N. Flytzanis, J. Appl. Phys., 41, 4443 

(1970 ). 
7 V. I. Al'shitz, in Dinamika dislokatsit (The Dy

namics of Dislocations), FTINT AN USSR, 1968, p. 52 
8 V. I. Al'shitz, Fiz. Tverd. Tela 11, 1336 (1969) 

LSov. Phys.-Solid State 11, 1081 (1969)]. 
9 J. D. Eshelby, Phys. Rev., 90, 248 (1953). 

10 1. D. Eshelby, Proc. Roy. Soc., 266A, 222 (1962). 

Translated by J. G. Adashko 
249 


