values of x2 and of the corresponding probabilities, the deviations from sym-
metry is too large to be attributed to statistical fluctuations. This is all
the more obvious if the monotonic character of most obtained angular distribu-
tlons is taken intc account. This character is particularly pronounced at
R>12 yand R > 18 yu. The nuclear emulsion method used in the experiment 1is
quite simple, thoroughly investigated, and verified in many other measure-
ments, and in this concrete case we see likewise no flaws in the experimental
procedure, capable of imitating the registered asymmetry of the angular dis-
tribution of the electrons.
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Dislocations moving in ferromagnetic materials should be slowed down by
the interaction between the deformations accompanying them with the spin waves.
Some of the losses are connected with the scattering of the "thermal" spin
waves and can be described in the same manner as the slowing down of pho-
nons. More interesting, in our opinion, is another loss mechanism, brought
about by generation of spin waves by the moving dislocation. The generation
condition, as usual, 1s that the dislocation be faster than the phase velocity
VS of the spin wave. Owing to this condition, this contribution to the de-

celeration force should have a velocity threshold. The threshold veloclty Vs

can be altered by means of an external magnetic field He, for it is known [1]
that VS v B+ (Ho/Mo), where B is the anisotropy constant and Me is the den-

sity of the magnetic moment. Therefore when Ho >> My the value of Vs increases

to such an extent that the process of spin-wave generation is interrupted and

the corresponding part of the dislocation deceleration vanishes. This circum-
stance can be used for an experimental observation of the deceleration, since

a sudden disappearance of part of the deceleration forces can become manifest

in the form of a jump on the stress-sftrain dlagram of the sample.

The purpose of the present investigation was to analyze the aforementioned
threshold mechanism of deceleration in ferromagnets. The calculation 1s
carried out in the macroscopic approximation and consists of determining the
force exerted on the dislocation by the magnetoelastic coupling. To this end,
we use the law of conservation of the energy of the ferromagnet. The energy
density W includes elastic, magnetoelastic, and electromagnetic components.
They have the usual form (cf., e.g., [1, 21), but allowance for the disloca-
tions requires, as is well known, the replacement of the deformation tensor
Buk/BXj by the elastic-distortion tensor Wies which i1s not expressed in terms

of derivatives of the vector G (of the geometric displacement of the medium)
with respect to the coordinates, owling to the presence of plastic deformation
[3]. Allowance for the plastic defoqmation makes 1t possible to connect Wij

> 3
with the veloclty of the medium v = u [3]:

aw" av, (1)
—— D — +J,I .
at ax,

Here Jij is the dislocation flux density given, in the case of a single dis-

-5
locat%on characterized by a tangential vector a; a Burgers vector b, and a velo-
city V, by
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) =lq x\'],b,a(Z), (2)

>
where £ | a 1s the radius vector defining the position of the given point of
the dislocation line in space.

It is necessary to take into account in W the energy of the moving dislo-
cation, consisting of the proper energy of the dislocation lines and of the
kinetic energy of their motion under the influence of the external stress.
Being interested only in the loss to radliation of spin waves, we shall not take
into account here the dissipation processes accompanying the motion of the
elastic medium and the magnetic moment. Therefore the time variation of W
should reduce to the spatial divergence of the epergy flux density. When W is
transformed in this manner, the effective fileld H in the equation of the mag-
netic moment, and the stress tensor Gij in the equation of motion of the

elastic medlum, are both determined in the usual manner. We do'not present
here these expressions, for they differ from those customarily employed in the
analysis of coupled magnetoelastic waves (ef., e.g., [11) only in that the

deformation tensor is replaced by wij' Besides H and o0, the transformation of

W with allowance for (1), (2), and the equation of motion of the dislocation
makes it possible to find the deceleration force I per unit path length.
Leaving out the intermediate steps, which are analogous to those given in [47,
we present the final result: :

F=axif I =9y, (3)
where oY is the "elastic" part of the stress tensor contained in the equation
of motion of the medium (the volume force in the latter includes also the

gradient of the field stress tensor [1] Ogg = (l/Mﬂ)(HiBj = (1/2)H261j). The

expression for Gu, which we do not write out here for brevity, depends both on
the distortion w and on the magnetic moment u.

Let us outline the subsequent course of the solution and present the main
results. We consider for simplicity a single uniformlg—movin straight-line
dislocation (in (2) this corresponds, for example, to 4| z, I x, §(&) =
§(x - Vt)8y). We use the Fourier expansion in terms of the coordinates x and
y (w, u, v v esp i(kXx + kyy)), and obviously the time dependence is deter-

mined by the factor exp(—ithV), i.e., the role of the frequency 1s played by
kXV. From the equation of motion we determine a system of inhomogeneous alge-

braic equations for the Fourier components u, v, and w. The determinant of
this system has roots w = f£(k), which determine the spectrum of the waves in
the ferromagnet; in our case, owing to the equality w = kyxV, the corresponding
poles of the expressions for U, v, and w appear only when V > (f(k)/k), the
phase velocity of the wave. Obvicusly, this condition can be satisfled only
for the spin-wave branch of the spectrum. We do not take into account the
dissipation processes, and therefore a contribution to the deceleration force
(3) exists only in the presence of the aforementioned poles, 1l.e., when the
conditions for Cerenkov generabtion of spin waves are satisfied. By way of

an estimate, let us consider the case of a uni§x1a1 ferromagnet in an external

field parallel to the easy magnetization axis n. For a screw dislocation with
d || 0 we obtain for the deceleration force per unit dislocation length
H, 2
()
b M are tga
Fao e M2 e ZEBL ey,
2 P Ho g
[ R .
M (4)

[e}
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v 1, x> 0.
a=-— , fx)= . (4) (Cont'd.)
o, 0, x<0

Here Y and B are the parameters_of magnetoelasticity and anisotropy, 2 = gMo,
and wg = Q0B + (Ho/Mo)]. When q || o the edge dislocation does not experience
deceleration. In the case when q | n the values of the force differ little
from (4) for either a screw or an edge dislocation. Formula (4) was derived
for V << s, where s is the speed of sound; in this case the dispersion of the
elastic moduli can be disregarded.

 For typical values of the parameters, b ™ 107 em, Mo v 10° G, & v 10'°
sec™ , Yy v 1, and B v 1, the threshold velocity is Vv, = bw, v [1 + (Ho/Mo) X

10® cm/sec; at the threshold we have F ~ —[1 + (Ho/Mo)](10-} - 10-2) dyne/cm.
We note that the force of the electronic deceleration of dislocation has a
similar value at V v 10% em/sec [4]. It is observed experimentally in transi-
tions to the superconducting state, when this force vanishes. We can therefore
expect the here-considered observation of the mechanism of loss to spin waves
to- be experimentally feasible.
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Attempts to compare experimental results on critical phenomena with simi-
larity theory [4] have been made in [1 - 3]. Most authors conclude that the
agreement 1s satisfactory.

We think, however, that a comparison of the theory with experiments in
which different exponents are determined by different investigators (and all
the more in different laboratories) 1s incorrect. Indeed, all the relations in
similarity theory are determined by degrees of the relative temperature t =

| (T - Tcr)/Tcr|’ and are highly sensitive to the absolute values of T . The

"scaling" equations include both large exponents (on the order of unity, for
example v), and small ones (on the order of 0.1, for example &). As a result
of the accumulation of the errors of each author and the addition of errors
due to the different choices of Tcr (which can differ by several hundredths of

a degree in different laboratories, since the matching of the different scales
is of this order), the total error may turn out to be larger than the smaller
exponent. Then the verification becomes completely meaningless, as indeed 1t
was in most cases. To determine the small indices it 1s necessary to perform
different experiments pertaining to one value of Tcr and characterized by iden-

tical systematic errors. To this end we investigated the coexistence curve of
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