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to spin ones near the OPT temperatures
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Dislocation waves in magnetic crystals near the orientation phase transition tempera-
tures are considered in the frame of the field defect theory. The singularities of the
dislocation flows, elastic strains and magnetization occur if the magnetic system is inho-
mogeneous and the spatial dispersion of the medium is not taken into account. The
account for the medium dispersion provides regularity of these parameters and the conver-
sion of the spin wave to the dislocation one.

B pamkax moseBoil Teopum medeKTOB PACCMOTPEHO PACIPOCTPAHEHUE IUCIOKAIIMOHHOM
BOJIHBI B MarHUTOYIIOPAJZOYEHHOM KPUCTAJIJI€ B OKPECTHOCTH TEMIIEPATYD OPHEHTAIMOHHBIX
dasoBbix mepexonoB. IlokasaHo HaJIW4YMe CHUHIYJAPHOCTA B BBIPAKEHUAX, OIMCHIBAIOIIUX
KoJie0aHUS KOMIIOHEHT TEeH30Pa AMCJIOKAIIMOHHBIX IIOTOKOB, YIPYIHMX HAIIPSAMKEHUN U BEKTO-
pa HaMarHM4YeHHOCTH, €CJHM MArHHUTHASA IIOJCHCTEMA IIPOCTPAHCTBEHHO HEOJAHOPOAHA U HE
YYUTBHIBAETCS IIPOCTPAHCTBEHHAS AUCIIEPCUSA CPeAbl. YUeT IIPOCTPAHCTBEHHOI! NUCIEPCHU KO-
nebaHuil HAMArHUYeHHOCTU YCTPAHSET 9Ty OCOOEHHOCTH M IIPUBOAUT K TPaHCHOPMAIIUU CIIH-
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HOBOM BOJIHBI B AHCJIOKAIIMOHHYIO.

Real crystals contain defects of different
nature which influence its wave properties.
The dislocation influence on phonon spectra
in real crystals is especially notorious. The
magnetic structure of ferromagnetics is sen-
sitive to different influences near the tem-
peratures of orientation phase transitions
(OPT). The low stability of the magnetic
state near the OPT temperature relieves the
realization of different non-linear effects
Therefore, the interaction between disloca-
tions and magnetic structure of magnetics
will be revealed at these temperatures.

Phenomenological description of disloca-
tion ensembles is based on the statistical
approach. The statistical effects are not a
simple sum of the properties of a number of
dislocations. The statistical properties of
the dislocation ensembles reveal the wave
characteristics thereof. One of these wave
effects is the screening of elastic strains,
and correct description requires taking into
account the dislocation cores.

As the elastic fields of individual dislo-
cations are screened, it is just the behavior
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of the dislocation core ensemble that be-
comes the critical factor. When an external
action is applied to the crystal, the ensem-
bles of dislocation defects move in the di-
rection of that action, the crystallographic
gliding of the individual dislocations within
the ensembles causes a non-crystallographic
displacement of the ensemble along the ac-
tion direction [1].

The above model of the dislocation en-
semble is described quantitatively by equa-
tions similar to the Maxwell ones in the
electrodynamics [1, 2]

Vujmy e
SV x a(r,t) = —3% Comyy. B

Here ]A is the defect flow density tensor;
o is the defect density tensor; o, the elastic
stress tensor; S, a constant having the
sense of linear potential energy of the de-
fect; B, a constant characterizing the defect
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inertial properties. The sign x denotes a
vector product.

Let the system be supplemented by the
equation of a continuous medium motion in
the form

27 ~
PTG Jewuryy x ©)
~ di(r ,t
x|V® VG(I’I,tl) + pM dl’ldtl = 0,
oty
where p is the material density;

C(r,t,rq,t;), the elastic modulus tensor.

In the Eq.(3), let the interaction of the
dislocation vibrations with the magnetiza-
tion ones be taken into account by setting
the tensor to be re-normalized at the ex-
pense of the magneto-elastic interaction [3].
In materials with strong magnetostriction,
the intense interaction between the vibra-
tional waves of dislocations and magnetic
moments may cause effects occurring dur-
ing the propagation of electromagnetic vi-
brations [4—5]. Note that the re-normalizing
additive is in proportion to the dynamic
magnetic permittivity tensor.

Eq.(3) is, generally speaking, an inte-
gral-differential one. The inhomogeneity of
the material where the dislocation wave is
propagated is due to that of the magnetic
subsystem. This is easy to realize near the
OPT using either a temperature gradient or
an external magnetic field. The charac-
teristic inhomogeneity size along the X axis
are set to exceed considerably the wave-
lengths in the wave processes under consid-
eration. Then the inhomogeneity will be
manifested only in the dependence of the
ferromagnetic resonance on the x coordi-
nate. According to Eq.(3), we obtain

c= —j G(r,t;rq,11)C(ry,t15Ts,19) X (4)
X Mdrldtldrzdtz.
Oty

Here, G(r,t,ry,t;) is the 4" rank tensor
Green function of the Eq.(3) where the ten-
sor j(r,t) is set to be equal to zero.

To simplify the model, let us consider a
plane vibration wave of the screw compo-
nent o,, = o, propagating in the ZX plane
(Y axis I{)eing the high symmetry one). Then
the system (1), (2) takes the form

Olxy Oy _ 00 (5)
oz ox ot’
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Sa—a =B ]xy + Gy ( )
0z ot ¥
oo ajxy (7
S—=-B—2 - .
ox ot Cx

In the absence of the magneto-static interac-

tion, the dispersion law for a harmonic dis-
location wave has the form

02 = [pCy + (BCy + pS)k2 + (8)

+ \IEH(pS — BCy)? + 2kZpCy(pS + BC,) + p2C2 1/ 2Bp

The minus sign at the radical in Eq.(8)
corresponds to the acoustic wave while the
plus, to the dislocation one. Thus, the dislo-
cation wave spectrum has a gap oy,

0o =VCy/B. 9)

Here, Co=C%, ., is the elastic module.
Experimental measurements of the gap
width and the curvature of the curve (8) at
the point 2 = 0 make it possible to deter-
mine constants S and B.

Let us consider again the interaction of a
time-harmonic dislocation wave with the
magnetic subsystem. First, let the medium
spatial dispersion be neglected for long dis-
location waves. Then it follows from Eq.(4)
taking into account that G G
1/02p:

o - G _ 420 ). (10)
xy o MQ?2- o020

o - G0 4%0¢ ) (11)
2y o M2 - oo

Here, o is the dislocation wave cyclic
freql}ency; A= kxyxy.= kzyzy, t.he m.agnefco-
elastic constant having the dimensionality
of the energy density; M, magnetization of
a sample with the easy magnetization axis
along the Y one; Q, the ferromagnetic reso-
nance frequency depending on the x coordi-
nate; g, the gyro-magnet ratio. Substituting
(10) and (11) into (6) and (7), we obtain

xyxy ~ Tzyzy

oo . . 12
ST = 5@y (12)
oo . . 13
_Sa = ls(x)]gy’ ( )
where
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C 2
sy = 0B -0, B (14
o M@Q% - o040

Eliminating the jxy and jzy from Eq.(5)
using (12) and (13), we get

S &% Si(l@ocj w_o. (15

+
e(x)022 " ox| g(x)0x

Since Q in (14) depends on x, it is possi-
ble to find a point in the magnetics at the
specified frequency © where g(x) is zeroed
under the sign change. In other words, the
frequency Q attains in this point the value
Qg defined as

222g0 16
0=0p=—y ot (O
(©2 — 0d)CoM

1/2
4g203 5
+ + .
(02 - 0f)2CciM? ¢

This can be realized at A ~ 108 erg/cm3,
Q~10°sTand g~ 0 ~0 -0y~ Q.

Let the g(x) be zeroed in the point x = 0.
Then in the vicinity of that point,

e(x) = —obBx, b>0. an

If, for example, the medium inhomo-
geneity, that is, the ferromagnetic reso-
nance frequency dependence on x, is due to
a temperature gradient, then

428QF + 02 dQy gr  (18)

T Mo2BQF - 022 dT dx’

As a rule, (dQy/dx) < 0; thus, to provide the
positive b, it is nesessary to put (dT/dx) > 0.
Substituting into Eq.(15) the solution

o = og(x)ell@t — k2, (19)

and taking (17) into account, we obtain
0 (199(x)\ (2  ©2bB o (20)
8x(x % j 15 + S og(x) = 0.

It is rather difficult to solve the Eq.(20)
exactly [7]. For our purposes, let only the
part of the solution be written that is con-
nected with the singularity of interest [8].

ag() = op(1 + %szzlmcx). (21)

Then it follows from (12), (13) m (21)
that
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jo = %ei(mt - kz), (22)
*¥  Bbox
2
- iK (xOSInKxei(@t k2 (23)
i Bbo )

Thus, a singularity occurs in components
of the dislocation flow tensor. According to
(9) and (10), the components of the elastic
stress tensor are singular, too. This singu-
larity can be eliminated, for example, due
to damping in the magnetization vibration
spectrum. The account for damping at the
re-normalization of the elastic modules can
be realized by substitution the expression
Q- idw/gM for Q in (10) and (11), where &
is a small damping in the magnetic subsys-
tem [9]. In this case, the function &(x) ac-
cording to (17) is replaced by

e(x) = —box + iov, (24)
where Vv is expressed as

4228(w2 + QF) (25)
4020252 2
g2M2

VvV =

OB[(QF — 0?)? + 2
Let be calculated, for example, the aver-

aged magneto-elastic energy being absorbed
near the point x = 0 using the formula

Q= %J‘ {RecxyReexy}dx. (26)

Here, Re denotes the real part and the
upper line, the averaging over the vibration
period; Exy is the component of the elastic
strain tensor.

Substituting the o,, and &,, values from
(10), we obtain:

_ S%%0g [ (27)
2B2 b2x2 + vZ°

For small v values, the integrand in
Eq.(27) is the & function

v

v (28)
b2x2 + v2

= 3(bx).

Thus, the vibration energy absorption
has a resonance character within a narrow
layer near the point x = 0 where the dislo-
cation wave frequency coincides with the
gap in the dislocation vibration spectrum
re-normalized due to the magnetostrictive
interaction. We obtain at the end:

Functional materials, 12, 2, 2005



D.1.Sirota, A.F.Zhuravlyov / Conversion of dislocation...

_ S (29)
20bB2°

That is, the absorption rate of the dislo-
cation vibration energy is independent of v,
since the effective width of the area where
a substantial absorption occurs is in propor-
tion to v.

Since the presence of singularities in the
dislocation flow dependence on x is due to
the interaction of the dislocation vibrations
with the magnetization ones, the dislocation
waves can build effectively the magnetic
moment vibrations. The account for the spa-
tial dispersion in the magnetic subsystem
can result in the dislocation wave transfor-
mation into the spin ones. In fact, in the
absence of dispersion, the effective magnet

field caused by elastic strains has the
strength
- __M:xy_ ZiKmpG((o)jxy (30)
*x M M ’

and the magnetization vector components
are expressed as

iAkSongQY

. 31)
M. = — V=Y (ot - kz),(

hkSogg , (32)
M, =% H, =~ (Q% _ 0)2)(Dbxel(®t k).

Here, ¥, and y,, are the components of
magnetic susceptibility tensor. It is seen
that in the point x = 0, the magnetization
shows also a singularity. To take into account
the spin wave dispersion, let the wave num-
ber in (12) and (13) be substituted by the

o (33)
k2 > ——,
ox2
where k is the wave vector projection on the
X axis. Then the differential equations for
the spin waves take the form

2 .

Bd M, —bxM. = M—Oggoei(mt - k2 (34)
dx? * BQ§ - 0o ’
2

B% —bxM.=— Miaogei(mt - kz)'(35)
dx2 2 B(QF - 02

In these equations, o is taken in the
point x = 0,
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2YQugMC (02 - 0}) (36)
= >0,
(02 - O}o20§B

and vy is the inhomogeneous exchange pa-
rameter.

The solution of Egs.(34) and (35) de-
scribes a spin wave to which the dislocation
one propagating to left from the point x =0
and being described as

Aok SgQ, (37
* "7 B0 - 02o22/3pl/8
< 3
x el©t = k2)[ dvexp{i(\/x(b/[})l/ 34 %}}
0

ilagkSg (38)
*" 7 BQZ - 02)0b2/3pL/3

: < Vv
x et - kz)_[ dvexpyi| va(b/B)L/3 + = o
0

At |x| >> A and x <0, M, and M, can be
estimated using the crossing method:

Qo
Mx = —l:Mz =

AoLgkSEQH VT (39)
=— X
B((D2 _ Q%)(Db3/4ﬁ4xl/4

x exp{i[(ot ~ k2) - %\/—‘%'3‘ - g}

As the obtained dislocation flows and
magnetization values are in proportion to k
(the wave vector component on the Z axis,
the effect under consideration occurs if the
dislocation wave propagates at an angle to
the X axis. Let the propagation angle 6 to
the X axis be estimated for a dislocation
wave to the left from the point x =0 at
which the dislocation wave transformation
into the spin one is maximum. In the geo-
metric optics approximation, the dislocation
wavelength is much smaller than the inho-
mogeneity characteristic size

{(mz - m(z,)B/s}l/ 2 (40)

b >> 1,

and the vibration amplitude o decreases ex-
ponentially to right from the reflection
point xy defined by the relation

k28 + w2bBx, = 0. (41)
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The point x = 0 is to the right of x,. The
singularity is observable if the point x; is
near x = 0, that is,

[lexol ~ 1, (42)

where k is the x component of the wave
vector.

Far from the reflection point the mag-
neto-static re-normalization is negligible, so
the dispersion equation has the form

B2 + k2= %((u2 - 03(2)). (43)
Thus,
K2 = %((;)2 — ©3)sin20, (44)
Near the point x = 0,
2
kz n K2 _ _(D Bbx, (45)
S
and thus,
1/2
B(0? - ) (46)
k| ~x = — s sinf .

Substituting the Eq.(46) into the expres-
sion for x; following from (41), and then x
into (42) and taking into account the in-
equality (40), we obtain

02BVS

— = << 1.
(02 - 0})3’2NB

sind0 ~

Thus, the angle 0 should be small but
nonzero.
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Pis’ma v

KonBepcia cmiHOBMX XBUJb y AUCJIOKAIiMHI KOJIUBHI
xBHJII mMo6au3y temmeparypu O®II

A.I.Cupoma, A.®P./Kypaenvos

PosnoBciogixeHHA AUCHOKAIiiiHOI XBUJI y MAarHiTOBIOPAJKOBAHOMY KPHUCTAJIiI MTOOGJM3Y
TeMIlepaTyp oOpieHTAIifHUX (PasoBUX IIePeXOiB PO3TJIAHYTO y paMKax IOJbOBOI Teopii me-
dexTiB. [lokasano cUHIyJIAPHOCTL y BUpasax, W0 OMUCYIOTh KOJUBAHHA KOMIIOHEHTiB TeH30-
pa DUCJOKAIiMHUX IIOTOKiB, NIPY’KHUX HAIPYr Ta BeKTOPa HaAMAar"HiuyeHOCTi y BUIIAJKY, KOJU
Mart"iTHa mificucreMa € IPOCTOPOBO HEOJHOPITHOIO 1 ImpocTOpoBa AUCIEPCisa cepefoBUIlA He
GepeTbcAd o yBaru. IIpuilHATTA IO yBaru IPOCTOPOBOI Auciepcii KoauBaHb HaMarHiueHOCTi
3HiMae I[I0 0coOJIUBiCTh Ta MPUBBOAUTEL A0 TpaHchopMalii criHoBoOi XBuJIi y AuCIOKAIiiiHY.
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