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ХАРАКТЕР РАСПРОСТРАНЕНИЯ ПЛОСКИХ ОБЪЕМНЫХ ВОЛН 
В УПРУГИХ МАГНИСТОСТРИКЦИОННЫХ СРЕДАХ

Г.Е.Багласарян, В.Г.Гаракос, З.Н.Даноян, МА^Микилян

Исследован характер распространения плоских объемных волн а диэлсктрн*юской 
могнистострнкиионной среде в присутствии постоянного магнитною поля Исследования были проведены 
на основе линейных дифференциальных уравнений к соответствующих условий, описывающие поведение 
возбуждений в. магнитострикционных средах, взаимодействующие с магнитными полями Покаоио. что 
имеются три типа волн, которые могут распространяться в малопострикцнониой среде ккэипродольная 
малжтострикиионно связанная, квазнпоперечндя магнитострикцнонно связанная к поперечная 
несвязанная Более того, несвязанная та полна, в которой материальные частицы среды колеблется 
перпендикулярно той поверхности, которая формируется направлениями данною магнитного поля и 
распространения волны Поведение вышеупомянутых волн иссюдо&ано и зависимости как от 
интенсивности магнитного поля, тая и от орнентацкн магнитного поля относительно плоскости 
распространения волны

Գ.եյ։արյդասաբյաս, Վ.Գ.Գ-արակով, Ջ-Ն 'kuitinjuili, Ս՜.1ԼՄիկիսանՀարթ ծավալային ալիքների տարածման վարքը առաձգական մագնիսաստրիկցիոն միջավայրերումՀետագոտված է ղիկեկտրիկ մագնիսաստրիկցիոն միջավայրում ծավալային հարթ ալիքների տարածման բնույթը մագնիսական ղաչտի աոկայությամբ; Հետազոտությունները կատարված են մագնիսական դաշտերի հետ փոխազդեցության մեջ գտնվող մագնիսաստրիկցիոն միջավայրերի գրգռումների վարքը նկարագրող դիֆերենցիալ հավասարումների 1ւ համապատասխան պայմանների հիման վրա: Ցայգ Ւ. տրված, որ գոյություն ունեն երեք տիպ]: ափրներ, որոնք կարող են տարածվել մագէփսաստրիկգիռե միջավայրում քվագիերկայնակաև մագնիօաստրիկգիոնապես կապակցված, թվագիրնղլա|Սակաէւ մագեիսաստրիկգիոնապես կապակցված և րնւրայնական յկասյակցված: Ավելին, կապակցված յ1 այն սղիքը. որում միջավայրի մասնիկները տատանվում են այն հարթությանը ուղղահայաց, որր կազմվում Լ տրված մագնիսական ղաջտի և ալիքի տարածման ուղղություններով: Վերը նջված ալիքների վարքը հետազոտված I կախված ինչպես մագնիսական գայտի ինտենսիվո։թ|ունիգ, այնպես էլ ափքճերի տարածման հարթության նկատմամբ մագնիսական ղաջտի ուղղվածությունից:
The character of propagation of plane volume waves in clastic dielectric 

magnetostrictive media in the presence of constant magnetic field is investigated. 
Investigations have been done on the basis of linear differential equations and conditions 
describing the perturbation behavior in clastic magnetostrictive media interacting with 
magnetic fields. It is shown that there arc three types of waves that can be propagated in the 
clastic magnetostrictive media: quasilongitudinal magnetosirictionally coupled,- 
quasitransversal magnctustriclionally. coupled and transversal uncoupled. Moreover, 
uncoupled is that wave in which the material panicles of the medium arc vibrated 
perpendicular to the plane which is formed by the direction of given magnetic field and 
wave propagation. Behavior of the above-mentioned waves is investigated depending on 
both the intensity of magnetic field, as well as magnetic field’s orientation with respect to 
the plane of wave propagation.

I. Introduction
Currently there arc many works where several problems of propagation of 

clcctromagncloclastic waves in solids are investigated. They arc mainly devoted to the 
wave processes in conductive non-ferromagnetic media and in dielectric media with 
piezoelectric or ferromagnetic (with linear characteristic of magnetization) properties. 
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ihcrc arc some works devoted to the issues of existence and propagation of waves in 
magnetoactive media in dependence on intensity of magnetic field and properties of the 
medium. The works (10,11) are devoted to the investigation of surface magnetoelastic 
waves with thermal relaxations, and in the work [9] the issues of existence of shear surface 
waves in magnetostrictive half-space (Blustcin-Guliaev type wave) arc studied. The issues 
of interaction between magnetic and acoustic waves in magncloactive media arc 
investigated in works [ 1,6]. The issues of existence and propagation of shear surface waves 
in piezomagneuc media are studied in (3]. In the works [4] the issues of reflection of shear 
magnetoelastic waves in magnctoactive media. It is discovered that when the volume wave 
falls on the edge of division between magncloactive half-space and vacuum the 
qualitatively new vibrations (accompanying surface magnctoclastic vibrations) accompany 
the usual reflection process, which are conditioned exclusively by the magnetostrictive 
property of the medium. In the work (2) the linearized equations and boundary conditions 
arc derived characterizing the behavior of small disturbances in non-conductive 
magnetoactive elastic media using non-linear equations and boundary conditions of the 
theory of magnetoelasticity of ferromagnetic bodies [1,2,5,6,8.13] and using the 
linearization technique [2,7,8]. Here on the basis of addressed in [3] linear boundary value 
problems by, solving two-dimensional problems of wave dynamics, the character of 
propagation of plane volume waves depending on the magnetostrictive properties of the 
medium and its interaction with magnetic field is studied.

2. Basic equations and boundary conditions
Ixt an elastic dielectric media with the ordered magnetic structure is placed in an 

external stationary magnetic field, which in absence of a ferromagnetic body is 

characterized by the vector of intensity 770 and vector of a magnetic induction

Bn - |1OZ/O (//0 =4æ-10"H/A2 is the magnetic constant). The surroundings of the 

body arc considered as vacuum.
The paper [2] is devoted to issues of mathematical modeling of disturbed motion of 

considered magneloclastic medium in the presence of an external magnetic field. In that 
paper, using the basic postulates of nonlinear theory of magneioclaslicity of ferromagnetic 
bodies [1,2,5,6,8,13] and the theory of small disturbances, via linearization technique 
[2,7,8] the following linear equations and surface conditions describing the behavior of 
small disturbances in the noted magneioactive deformable media arc obtained:

equation in internal area

oôA,
+ Po'”

dH'l 

' àx, -Po
d2uk 

dr

rot/i - 0, divfc - 0,

-= ^ —+
(2-0

du,
*, =g„t-^- + Aumt

where Sa disturbances of components of the tensor of magnetoelastic stresses; are 

components of the tensor of stresses in unexcited shape; Uk are the disturbances of the 

vector of clastic displacements u" of unexcited state; hk, nik and bk are components of 

vectors h, m and b , which are disturbances according to the intensity //°, 
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magnetization A/" and magnetic induction B՝ of unexcited magnetic field, Xt are 

Cartesian coordinates;
equations in external area

ratAw -O,՜ divft"’-0, b'՛*-^/։1'' (2.2)

index ’c* here and further means belonging to the external area;
boundary conditions on the surface 50 of unexcited body:

c , o „0 r,(<) . 1 t,n , T T° 1 ^U՛ m(i
s<k+ sh„ nk - |_G/ ~ J rh + J nk

_ m J

(2-3)

where and T'^ are Maxwell stress tensors of unexcited shape for a body and 

medium respectively (see (2.9)), n[ arc components of the external unit vector Ho to the 

surface So, E^ is the Livi-Civita’s tensor.

tu-bkHf +h,H’-nobjl"ii

t<? -Hok'W*’ +W -Sa//0*'1*՛*’]
In the equations (2.1) the following notations are used.

cljU+MXW’(5»6A + W» +wJ+

^B^b^M^b^b^M^ (2J)

e^-B^M^A^M^b^M")

- b„m°+
where CljU, A*' and BifU arc tensors of elastic constants, magnetic permeability and 

magnetostrictive constants, respectively.
For magnctoelastic bodies which in the non-magnetization shape are isotropic with 

respect both magnetic and clastic properties, the following equations arc [2,12,13];
c<a/ -Àôvôu+M(6aô^ +ô։/8,J Av

1 / \ (26)
Bykt = e2^ti^U + - (fl ~e2№ik^ )I + ô։/ôyt )

where X and g are Lame constants; X *s the magnetic permeability; and t’2 are 

magnetostrictive constants of the medium.
It is necessary to add to 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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included, which in turn also non-linear and should be linearized. Details of the specified 
process of linearization arc investigated in the work [8]. Here (in "he work (2]) the 
simplified variant is applied based on identifications of geometry of an initial body in a 
non-excitcd stale. By this assumption it is accepted, that a) the magnetic field of the 
unexcited shape coincides with a magnetic field of a non-dcfocmable body and b) stresses 
»nd deformations of the unexcited shape can be defined from the solution of the following 
Uatic problem of the theory of elasticity’:

equations of equilibrium

dxk dxa

dxt 2

conditions on a surface of a non-dcformable body

(2-7)

where

tf'1 = o; [/?•]’
(2.9)

Included in (2.7) - (2.9) characteristics of the non-disturbed magnetic field, according 
lo the accepted assumption are defined from the following problem of magnetostatics for a 
r»oo-dcformablc body:

equations magnetostatics in the internal area
rot/7°-0, divB°-0

H»’-XaAf(0
(2.10)

equations in the external area
rotW01”-0, divK^'-O

(2ii)
-0, B'-PtH*”

conditions on the surface
(b’-B*”)^ -0, (tf’-H0<”)xnI,-0 (2.12)

and condition on infinity
H“՝” - for X,- + xj +X,’ — « (2-13)

Thus, the issues of investigation of behavior of disturbances of magnctoclastic 
quantities of some shape is reduced to֊thc consequently solution of the following three 
tasks:

I. Definition of the characteristics of a magnetic field of a non-dcformablc body on the 
basis of equations (2.10) - (2.13);

2. Definition of magncioclastic quantities of the unexcited shape on the basis of 
equations (2.7) - (2.9) with the use of the solution of the first task;

3. Investigation of behavior of magnetodastic disturbances on the basis of equations 
(21) - (2.6) with the use of the solutions of first two tasks.

On the basis of the formulated above boundary value problems and results of works 
[3,4] we'll consider the propagation character as volume as well as surface plane waves 

51



depending on magnetostrictive properties of the medium and on the magnctoclaslic 
interactions.

3. Propagation Character of Volume Plane Waves
Let us consider the propagation of a plane magncioelastic wave in a boundless 

magnetostrictive dielectric medium assuming that the perturbations depend on one of the 

Cartesian coordinates only, say X։ and the time /. We choose the orthogonal system 

XpX-j.X, in such a way, that the coordinate plane (x,,X2) coincides with the plane 

formed by the direction of the given magnetic field H and the direction n of the 

propagation of lite plane wave (the axis OXj is parallel to the vector n . Then in this 

coordinate system the external magnetic field will have the form Ho - (Hol,//ra,O), 

where HQl « const.

Taking into account the above-slated from (2.1)-(2.6)wc have the following equations 
relative to thc.components of the displacement vector u(«p«2,uA) and the vector of the 

induced magnetic field h (/^, , which describe perturbed state of the medium under

consideration in the case of one-dimensional motions have the form:

a2։/, a։u, 
0,2 " p<l d>2

where

d2U2 d2u2

d2U. d2U.
°” -p0 dt2

(3.1)

. rr j »»
(%e, + 3)Hm — + (x«2 +1) Hn —- 

dx։ dx.

/^-0

(3.2)

«h -X + 2h + |10x2 x2q2 + "o2 +

«22 -H + HvX2 ■ Y#oi +

£

(3.3)
flB = P + HoX2(Y#o2։+|*2tt£ 

\

«u - HoX2 *i "(xe2 +1)֊—~(xe2 +3)
X K

"01*02

52



2
- UoX e։ -

1
Y=r*՜

a2

X

, e.-e 
a «1 + X~----- ;

2
From (3.1) follows that the displacement Uy ։$ defined independently of tt։,u2 in ihc 

boundless medium and the corresponding transversal waves arc magnctostnctionally 
unbounded since they don't bring to the rise of induced magnetic field, as it is shown from 
(3.2).

Let
U, -u® exp [/(Ax, -to/)] (;-l,23) (3.4)

be the solution of (3.1), which corresponds to the propagation of the plane bulk 
mugnctoclwnic wave with the frequency (0 and wave number k .

Substituting (3.4) into the (3.1) we get a linear system of homogeneous algebraic 
equations with respect to the amplitudes u®. Applying the condition of existence of non

trivial solution for the mentioned system, we get the formulas. which define the velocities 

C of the propagation of magnctostrictionally bounded waves;

2=fuJ^22_M.։ i.U (3.5)
2Po

_2 - °»
5 ’ Po

The following notation is introduced in (3-5)
9, ֊(֊l)Wfai + 4flua2.r 0-7)

Given equations and obtained relations easily imply that if the medium is non- 
ferromagnctic % = 0 or the external magnetic field is absent (Hi ■= 0) then 

C,‘ «(X + 2p)/p0. Cj -c; = U/p0 2^d the results are coincided with the famous 

results for the pure elastic plane waves. The analysis of the characteristic equation 
depending on the orientation of given magnetic field shows, that

a) If the magnetic field is parallel or perpendicular to the direction of propagation 

(H || n or IIIn , where n - is the direction of propagation of the plane wave) then all 

three waves are propagated independently;

b) In the ease of Hln one of these waves with the velocity C։ is pure longitudinal 
and the other (wo waves arc pure transversal and propagated with different velocities 

(C7 ** f J •

c) In the case of II || H the velocities of transversal waves coincide (c2 - Cy) (as in 

the ease of pure clastic plane waves), pure longitudinal magnetoclastic wave with the 

velocity C։ and a pure transversal wave with the velocity C2 are propagated in the media 
and the propagation velocities depend on the value of magnetic field induction

In other eases (in the sense of direction of magnetic field) in the magnctostrictionally 
coupled waves the vector of displacement u is not perpendicular or parallel to the direction 
of propagation of waves.

53



However taking into consideration that for the basic magnetostrictive materials 
՝fe\ B2 /g0|l « I (where the Bf is the induction saturation), we observe that the 

deflection of u from the direction n in the ease of wave with the velocity c։ and the 

deflection of Ü from the plain of front for in the case of wave with the velocity C2 

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

Thus it is shown that there are three types of plane magnctoclaslic waves which can be 
propagated in the magnetostrictive elastic medium: quasi-longitudinal magnetostrictionally 
coupled, quasi-transvcrsal 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 field can qualitatively change the character of wave field in 
magnetostrictive media. Here numerical calculations arc made for certain materials with the 
purpose of revealing the quantitative influence of magnetic field on velocities of plane 
waves propagation. For calculations Ferrit F-107 and FerroNickel NiFe20i arc chosen. For 
these materials the physical and mechanical constants arc taken from the monograph [12] 
and they arc: 
For Ferrite F-107 -

p0 = 5.26 * 10՜' kg I meter3 ; X = 1.02 * 10" Newton ! meter2 ;

p = 0.66* 1011 Newton I meter2 ; p, = 30; e,=42.2; e2=-22.1.
For FerroNickel NiFe2O3 -

p0 =7.1*10’kg!meter'; X = Newton! meter2;

p = O.55*IO11 Newton!meter2; ^=32; e} =124.2; e2 = -62.1.
The results for the Ferrite F-107 arc brought in fig. I and for the FerroNickel NiFe/)3 - in 
fig. 2. In the figure

Fig. I

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

the dependence of c( I cOl on magnetic field induction are brought, when

Bal=~B0, B2=^-B„. Here c„ / = 1,2,3 
- are velocities of propagation of
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magnetoelastic plane waves, which arc defined from the formula 
r 0.1+0,, + ?. . , - 2 au , > X + 2u , .

ct = —- ------ —------- , i = 1,2; Cj = ——: and c,r =-----------  is the propagation velocity
2Po Po Po

J 1 JI
of longitudinal plane wave; = c0J = — arc the propagation velocities of transversal 

Po
plane waves in the absence of magnetic Geld.

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

From these figures it is easy to draw conclusions that;
J. With respect of magnetic Geld 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 clastic dielectric magnetostrictive media in presence of constant magnetic 
field were made. It was show n that:

• there are three types of plane magnetoelastic volume waves, which can be 
' propagated in the magnetostrictive clastic mediumr quasi-longiludinal 

magnctoslrictionally coupled, quasi-trans versa I magnetostrictionally coupled and 
transversal uncoupled;

• with respect to the magnetic field the velocity of transversal wave is more 
sensitive; depending on the magnitude of magnetic field Hie velocity of 
longitudinal wave increases and the velocity of transversal wave decreases.
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