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PROPAGATION CHARACTER OF PLANE VOLUME WAVES
IN ELASTIC MAGNETOSTRICTIVE MEDIA
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The character of propapation of plane volume waves in elastic dielectric
magnelostrictive media in the presence of constant magnetic field is investigated.
Investigations have been done on the basis of lincar differential equations and condilions
describing the perturbation béhavior in elastic magnetostrictive media interacting with
magnetic fields, It is shown that there are three types of waves thal can be propagated in the
elastic  magnetostrictive  media:  guasilongiludinal  magnetostrictionally  coupled,
quasitransversal magnelostrictionally, coupled and  transversal uncoupled. Moreover,
uncoupled is that wave in which the material particles of the medium are vibrated
perpendicular to the plane which is formed by the direction of given magnetic field and
wave propagation. Behavior of the above-menlioned waves is investigated depending on
bath the intensity of magnetic field, as well as magnetic ficld's oricntation with respect to
the plane of wave propagation.

1. Introduction

Currently there are many wocks where several problems of propagation of
electromagnetoelastic waves in solids are investigated, They are mainly devoted to the
wave processes in conductive non-ferromagnetic media and in dielectric media with
piezeclectric or ferromagnetic (with linear charactetistic of magnetization) properties.
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works devoted to the issues of exisience and propagation of waves in
media in dependence on intensity of magnetic field and properties of the
he works [10.11] are devoted to the investipalion of surface magnetoelastic
th thermal relaxations, and in the work [9] the issues of existence of shear surface
wetostrictive half-space (Blustein-Gulisev type wave) are studied. The i55UES
between magnetic and acoustic waves in magneloactive media are
in waorks [1,6]. The issues of exislence and propagation of shear surface waves
agnetic media are studied in [3]. In the works [4] the issues of reflection of shear
waves in magneloactive media. 1t is discovered that when the volume wave
edge of division between magnetoactive hall-space and vacuum the
new vibrations (accompanying surface magnetoclastic vibrations) accompany
l lection process, which are conditioned exclusively by the magnetostrictive
of the medium. In the work [2] the linearized equations and boundary conditions
ved characterizing the behavior of small disturbances in mon-conductive
ive elastic media using non-linear equations and boundary conditions of the
of magneloelasticity of ferromagnelic bodics [1,25,68,13] and using the

technique [2,7,8]. Here on the basis of addressed in [3] lincar boundary value
by, solving two-dimensional problems of wave dynamics, the character of
plane volume waves depending on the magnelostrictive properties of the
ts interaction with magnetic field is studied.

equations and boundary conditions
an elastic dicleciric media with the ordered magnetic structure is placed in an
| stationary magnelic ficld, which in absence of a ferromagnetic body is

-u by the vector of intensity ﬁu and vector of a magnetic induction

(= 47-10""H/A® is the magnetic constant). The surroundings of the

i ed as vacuum.

e paper [2] is devoted to issues of mathematical modeling of disturbed motion of
miagnetoclastic medium in the presence of an extemnal magnetic field. In that
: the basic postulates of nonlinear theory of magnetoclasticity of ferromagnetic
2.5,6,8,13] and the theory of small disturbances, via lincarization lechnique
. following linear equations and surface conditions describing the behavior of
sturbances in the noted magnetoactive deformable media are oblained:

equation in internal area
h i} 1
_i(sa +50 E:-il-~~13!“‘—]+ uqu—';—*Jr oM ity 4.5
£

dx, ox, x| Po g

=0, divb=0, b=p,la+m)

5y =E,#?ﬂ+ g€ M S
dx, ]

h=g2, g;—:+ A,

5, disturbances of components of the lensor of magneloelastic siresses; sfi are

its of the tensor of stresses in unexcited shape; M, are the disturbances of the

of elastic displacements #' of unexcited state; f,, m, and b, are components of

s h, m and .E:, which are disturbances according to the intensity H =,
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magnetizalion M" and magnetic induction B of unexcited magnetic fcld, X
Cartesian coordinates;
equations in external area

roth =0, divk =0, b =p i (2.2)
index "c* here and further mecans belonging to the external area;
boundary conditions on the surface 5, of uncxcited body:

[sﬁ +50 -g.:—i} ny =[IE” —rﬂ:lnf +[:T,:" -Tb“":l-aaxi;nﬂ

L]

(b, — 6]} = B2 —Bﬂ“"]z:”—: n @3)

ou
£y {[h — K ]l [ H? —H},“"]éx—'nf]}
where T and TX are Maxwell stress tensors of unexcited shape for & body and

medium respectively (see (2.9)), n: are components of the external unit vector ni; to the
surface 5, €, is the Livi-Civita's tensor.

t, =bH + hH -8, H"h

T 24
o T h"’H X)L BOHX -8, H "R ]
In the equations (2.1) the following notations are used.
B = Gy + oA MM (5,8,8,, +8,8,8, +8,8,8, )+
B o
+—2"—Bwﬂ(E-,.Il,n’&'nﬁ,&‘i1r +6,0,8,, +ﬁ&5hﬁﬂ}'¢{fﬁf, +
+1yB,(8,,8,0,M° +8,5,8, M M 25)

e =BuM +A (B ME+8, M)
G =B MO+ A (6,8, M +8,8,M +8,0,M!)

where €y, A.;.’ and By, arc tensors of elastic constants, magnelic permeability and
magnelositiclive constants, respectively,
For magnetoelastic bodies which in the non-magnetization shape are isotropic with
respect both magnetic and elastic properties, the following equations are [2,12,13]:
=1
Cour =38, 0, +1lB,8, +8,8,) Ay =x7'd,

1 (2.6}
By = e,8y + (e~ e, Xb,0, +8,0 ;)

where A and i are Lame constants; % is the magnetic permeability, € and €, are
magnetostrictive constants of the medium.

It is necessary to add 1o the equations (2.2) the conditions of attenuation of
disturbances of magnetic quantities on infinity.

When considering the linearized equation and expressions (2.1) - (2.5) it is noticed,
that into the coefficients of these expressions the quantities with superscript "0 are
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which in turn also non-lincar and should be lincarized. Details of the specified
on are investigated in the work [8]. Here (in the work [2]) the
hq&dhuudm-ﬁumﬁnumu{gmtrgofmmuuhudyma
. By this assumption it is accepted, that a) the magnetic field of the
coincides with a mignetic field of a non-deformable body and b) stresses
I ﬂﬁm:ﬂdihlpembcdcﬁmd{mmd:wluumufﬂnfonomng

3 27

1
nditions on a surface of a non-deformable body
” N il trm;-:- T: l‘"f

& 1 —012
T:'“=HTBT-EH5¢[H°]
(2.9
.Tﬁ[r] =HHU¢-}H¢{:} _1%5 [ﬁﬁtd:l:
in (2.7) - (2.9) characteristics of Ihc non-disturbed magnetic field, according

mnnndnﬁmd[mmthc following problem of magnetosiatics for a

e body:
actostatics in the internal arca

rotH® =0, divB" =0

r SN (2.10)
 Bap (M) HY-AM]
ons in the external area
I‘DtH"w'd =0, divH™*" =0
& = = (2.11)
Hllﬂ =0, Bﬂ -p..HnH
surface
B“‘")-ﬁ, -0, (ﬁ' 4?“‘“]715, -0 (2.12)
HY = H' for X’ 42} +x; = (2.13)

ﬁislmdirwm;ﬂmu{hehmura!dmm of magnetoclastic
some shape is reduced to-the conscquently solution of the following three

n of the characieristics of a magnetic field of a non-deformable body on the
$ (2.10) - (2.13),
ion of magneioclastic quantities of the unexciled shape on the basis of
(Z.P]wnhlhmdlhtmlmmohhcﬁmtﬁh
jion of behavior of magnetoelastic disturbances on the basis of equations
the use of the solutions of first two tasks.
¢ basis of the formulated above boundary value problems and results of works
__thm:huﬂeruvnlm as well as surface plane waves
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depending on magnetostrictive properties of the medium and on the magnetoelastic
interactions.

3. Propagation Character of Volume Plane Waves
Let us consider the propagation of a plane magnetoelastic wave in a boundless
magnelostrictive diclectric medium assuming that the perturbations depend on one of the

Cartesian coordinatcs only, say X, and the time /. We choose the orthogonal sysiem
X, X;, X, in such a way, that the coordinate plane (x,,x,) coincides with the plane
formed by the direction of the given magnetic field H and the direction 7 of the
propagation of the plane wave (the axis (X, is paralle] 1 the vector 7. Then in this
coordinate system the external magnetic field will have the form H o = (Hy Hp0),

where H , =const.
Taking into account the above-stated from (2.1)-(2.6)we have the following equations
relative (o the components of the displaccment vector 4 (i, #,,4;) and the vector of the

induced magnetic field A, Ay, h,), which describe perturbed stale of the medium under
consideration in the case of one-dimensional motions have the form:

a’u, au, - a'u,
ay, ax‘; + iy, &rf =P o
a’u, a’u, a°u,
a +a = 3.1
2 &.‘l:,: 13 ax Pa a2 (3.1)
- L T )
“J;?E‘—Pa p¥s
h;*l (e, +3)H ﬂﬂx& +1)H L]
", 1 o &, 2 oz 2, 32)
h, =0, h,=0

where

| 1 1 3
a,=h+2u+ uuxzi[H—{xe, +3}2-E(xtef +E'K.£, +3)]H:, +
e
+l-nte el

s -p+uuxi{*rﬂ§1 A [q _%Ez"" ey +1(]_Eq — & )]Hé}
(2.3)

K, 2
1
3, =p+ anz(?ﬂﬁ. +E£3H011]

€;—1

Gy = “uxz ['51 "i{xel + 1}_

r

bﬂﬂ: + 3}] HyHy,
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’nﬂ ‘l"nxz(cl _'ﬂ_(‘; *3]_E_]HMH|‘E
B, X

-! —
& 'r:%cl—a?, a=1+x2 ;‘

(3.1) follows tha the displacement i, is defined independently of i, in the
and the corresponding transversal waves are magnetosirictionally
bey don't bring 0 the rise of induced magnetic field, as it is shown from

g

u =l explithe, -w0)]  (j=123) (3.4)
of (3.1), which cormesponds 10 the propagation of the plane bulk

ave with the frequency @ and wave number k.
(3.4) into the (3.1) we get a lincar sysiem of homogencous algebraic

respect 1o the amplitudes u?. Applying the condition of existence of non-
for the mentioned sysiem, we get the formulas, which define the velocities
nagation of magnetostrictionally bounded waves:

c:=uu+nn+qa, iwl2 {3.5)
2p,
3 _ 8y
1o * o
owing notation is introduced in (3.5)
i Fr ]
g = ('1)' tkﬂu -ﬂujl * 4"1.‘-‘““] 3.7

nqn:ﬁnmmduhtﬁu:d:ﬂﬂinmuxiiyimpdylhuﬂlhcmndiumisnm-
c %=0 or the cxienal magnetic feld is absent (H, =0) then
+21)/Po » G -n:,1 =p/p, and the results are coincided with the famous
pure elastic plane waves. The analysis of the characteristic equalion
the orientation of given magnetic field shows, that

_mmﬂhﬁddhmﬂdnrpc:pm&immmﬂudimﬂmufmpﬁun
i or HLA , where il - is the direction of propagation of the plane wave) then all

cs are propagaled independeatly;

e case of H.Lii onc of these waves with the velocity ¢, is pure longitudinal
two waves are pure transversal and propagated with different velocities

¢} In the case of H || 7i the velocities of transversal waves coincide (€, =¢y) (asin

of pure clastic planc waves), pure longitudinal magneloelastic wave with the

y €, and a pure transversal wave with the velocity €, are propagated in the media
ropagation velocities depend on the value of magnetic ficld induction.

‘othet cascs (in the sense of direction of magnetic field) in the magnetostrictionally

d waves the vector of displacement i is mol perpendicular or parallel to the direction
gation of waves.

53



However taking into consideration that for the basic magnetostrictive materials
xefﬂffgﬂu << | (where the B, is the induction saturation), we observe that the

deflection of % from the direction 4 in the case of wave with the velocity ¢; and the

deflection of 4 from the plain of front for in the case of wave with the velocity ¢,

nonsignificant. For this reason the first wave can be called guasi-longitudinal and the
second one - quasi-transversal.

Thus it is shown that there are three types of plane magnetoelastic waves which can be
propagated in the magnetostrictive elastic medium: quasi-longitudinal magnetostrictionally
coupled, quasi-transversal magnetostrictionally coupled and transversal uncoupled.

Numerical Results. In previous point we have investigated the influence of interaction
between magnetic field and magnetostrictive media. In particular it was shown that the
anisotropy caused by magnetic ficld can qualitatively change the character of wave ficld in
magnetostrictive media. Here numerical calculations are made for certain materials with the
purpose of revealing the quantitative influence of magnetic field on velocitics of plane
waves propagation. For calculations Ferrit F-107 and FerraNickel NiFe;0; are chosen. For
these materials the physical and mechanical constants are taken from the monograph [12]
and they are:

For Ferrite F-107 -

P, =5.26*10°kg / meter’; A =1.02*10" Newton! meter’;
u=0.66*10" Newton/ meter’; p, =30; ¢, =422; ¢, =-22.1.
Far FerroNickel Nike;0; -
P, =7.1*10 kg / meter®; h=1.17*10" Newton/ meter’;
p=0.55" 10" Newton/ meter®; u, =32; e =124.2; e, =—62.1.

The results for the Ferrite F-107 are brought in fig.] and for the FerroNicke! NiFe;0; - in
fig. 2. In the figure

Dependence of velocity of volume waves on magnetic induction for the Ferrite F-107

the dependence of ¢,/c,, on magnetic field induction are brought, when

| V3

B =EBW Blz—z*B,:,, Here ¢, i=1,2,3 - are velocities of propagation of
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‘magnetoelastic  plane  waves, which are defined from  the  formula

Ci, ﬂl! +a;1 -HI ] 2 (.,12 'l ‘:;3 and :! At Pz'u is the pruppllﬂn ‘l"EIDd'l._‘f
o o ;

of longitudinal plane wave; €y = Chy =X e the propagation velocities of transversal
L
plane waves in the absence of magnetic field.

Fig.2

Dependence of velocity of volume waves on magnetic mduction for the FerroNickel F-107

From these figures it is easy to draw conclusions that:

1. With respect of magnetic field the velocity of transversal wave is more sensitive;

2. Depending on magnetic field value the velocity of longitudinal wave increases and the
velocity of transversal wave decreases;

3. As it was shown in previous point the magnetic field influence is more essential for the
materials having higher magnetostrictive constants.

4. Conclusions
A number of results and conclusions related to the character of propagation of volume
plane waves in elastic diclectric magnetostrictive media in presence of constant magnetic
field were made. It was shown that:
. Hw:mﬂvwlypnnfphmmymmhﬂmmlmncmm which can be
= * propagated in the magnetostrictive clastic  mediums qud—lmgitudmul
magnetosirictionally coupled, quasi-iransversal magnetostrictionally coupled and
transversal uncoupled;
e with respect to the magnetic ficld the velocity of trunsversal wave is more
sensitive; depending on the magnitude of magnetic field the wvelocity of
longitudinal wave increases and the velocity of transversal wave decreases.
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