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AnHoTanus: PaccMaTpuBaeTcs COBMECTHOE PACIPOCTPAHEHHE HJIEKTPO-MATHETO AKTUBHBIX, [10-
BEPXHOCTHBIX BOJIH YIIPYTOrO CABUTA B JIBYXCJIOHHOM KOMIIO3UTE. KOMIIO3BUT COCTOUT M3 NbE303JIEeK-
TPHUYECKOTO U HIEAJTBHO IPOBOJSIIETO MOJYIPOCTPAHCTB, U Pa3MellleH B TapaJjebHOM IOBEPXHOCTU
pa3zzesia MOJIYyIPOCTPAHCTB BHEITHEM MOCTOSHHOM MAaraHuTHOM mnose. CopMmyanpoBana MaTeMaTHde-
CKas KpaeBas 33Ja49a. AHAIN3 IOJIYIE€HHOTO AUCIEPCHOHHOTO YDABHEHHUS IO3BOJISIET OIPEJeIUTh
YCJIOBUSA CYLIECTBOBAHUSA JIOKAJIM3OBAHHBIX IIOIIE€PEYHBIX BOJIH HA IDAHULE Pa3Jesia JBYX Cpel M Xa-
PaKTep JIOKAJAM3anuil MAarHUTOYIIPYTUX U 3JIEKTPOYIPYyrux BoaH. [[oKazaHo, 4TO BOJTHOBOM IpoIecC B
KOMIIO3UTE MOXKHO ONTHMHU3UPOBATH, U3MEH:S HAIPIKEHHOCTh MAarHUTHOTO IoJsi. Hasmmyue nmapas-
JIEJITBHOI'O MATrHUTHOI'O IIOJIsI MOXKET IIPUBECTH K YCTPAHEHUIO CYIEeCTBYIOIIEro Iubpu/Ia MOBEPXHOCT-
HBIX 3JIEKTPOAKTUBHBIX U MAarHUTOAKTUBHBIX YIPYTUX MOMEPEYHBIX BOJIH MJIM MOXKET IPHUBECTH K UX

BO3HHUKHOBEHHUIO.
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Abstract: The propagation of electro-magnetically active, surface elastic shear waves in a bi-
material composite is considered. The composite consists of the contacting piezoelectric and perfectly
conducting half-spaces. There is an external constant magnetic field parallel to the interface of
the half-spaces. A mathematical boundary value contact problem is formulated. An analysis of the
derived dispersion equation provides the conditions for the existence of surface shear waves localized
at the interface between two media. The effects and nature of the localizations of magnetoelastic
and electroelastic waves are discussed. It is shown that the wave process in the composite can be
optimized by changing the magnetic field intensity. It is shown also that the magnetic field can
eliminate the existing hybrid of surface electroactive and magnetically active elastic shear waves, or
can lead to their origin.

Introduction

In [1], 1911 Love A. E. H. showed that, unlike plane strain waves, localization of
the wave energy of pure elastic shear is possible in the near-surface zone of an elastic
half-space at the junction with a layer of softer material. In 1924, Lord Stoneley R.
[2], investigated the possibility of the existence of waves similar to Rayleigh waves
and Love waves, which propagate along the inner joints of the layers of the earth’s
crust. In his work, he also investigated the circumstances under which a Love-type
wave can exist if a layer of constant thickness is bounded on both sides by very thick
layers of various materials.

In [3], 1968 Bleustein J.L. and in [4], 1969 Gulyaev Yu.V., are showed the possibility
of localizing the energy of an electroelastic shear wave near a mechanically free surface
of a piezoelectric medium of certain symmetry, under different boundary conditions
for the accompanying electric field. After these primary sources, soviet and foreign
scientists solved a number of problems on the propagation of electroacoustic waves
in piezoelectric crystals and in electrically conductive media, a review of which was
given in books [3], 6] already in the eighties. The features of the localization of the
wave energy of a purely shear electroelastic wave of the Gulyaev- Bleustein type, in
multifunctional media, or in layered composites are still being studied. There are a
thousand works where the regularities of the propagation of electroelastic shear waves
in composite structures, or in media with complicated properties are investigated.

In modern electronics, inhomogeneous composite (in particular layered, piecewise
homogeneous) waveguides are widely used as converters, filters or resonators of electro-
magneto-acoustic high-frequency wave signals with the use of piezoelectric crystals
[7H9], etc.

Qualitatively different interests are represented by the cases when the electroacoustic
signal overcomes a transversely inhomogeneous layered structure [10], and when the
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electroacoustic signal flows along the interface of homogeneous layers of the structure
[IT]. In these works, the formation of a hybrid of electroactive waves of elastic shear
and elastic plane deformation in the case of non-acoustic contact between layers of
piezoelectric materials is investigated.

Naturally, a hybrid of an electroactive elastic shear wave and a magneto active
elastic shear wave in a layered composite of a piezoelectric and an electrically conductive
material (multifunctional composite material) can provide a peculiar interest. In this
case, different surface conditions of mechanical fields at the interface between layers
can allow different hybridizations of elastic shear waves.

The proposed work studies the formation and propagation of a hybrid of electroactive
and magneto active surface elastic shear waves at the interface between contacting
piezoelectric and perfect conducting half-spaces, in an external constant magnetic
field parallel to the interface of half-spaces.

1 Formulation of the mathematical boundary value
contact problem

The composite medium of piezoelectric and electro conductive half-spaces is referred
to a rectangular Cartesian coordinate system Oxjzoxs. The coordinate plane Ozzzq
is the contact interface between half-spaces, the coordinate plane 0z, is coincides
with the isotropy plane of a 6mm piezoelectric medium with hexagonal symmetry. The
coordinate axis Oxg is parallel to the polarization axis of the piezoelectric crystalpg,
and the coordinate axis Oz is directed into the piezoelectric half-space (Fig. 1).

Electro conductive medium X, 1

o

Piezoelectric 6mm

A\

X;

Fig. 1: Located in an external magnetic field Ion(Hgl7 0,0) a composite space
consisting of a piezoelectric medium and an perfectly conducting medium

Constant initial magnetic field ﬁg (Ho1,0,0) is directed along the axis 0z7. The
magnetoelasticity equations for a perfectly conducting isotropic medium, in the general
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three-dimensional case, have the form [12]

@) 92i(®
ot?

@ (. - ~ -
G2V2ﬂ'(2) + /17 {V X [V X ’LI(2) X Ho]} x Hg = P

(1.1)

The coupled equations of elasticity and the equations of electrodynamics for a
dielectric piezoelectric medium and material relations have the form [3, [6]

5 2,1
8% _ p(l)a U, (1.9)
aTj ot? "’
e e 4 e2ptY  gpM
= o MT : 5 — =0. (1.3)
Oz}, Ox;0xy, c§ ot ox;
Uz(;) = C'ijkl“gz) - emijE,SP, Dfl) = eikzug) + EijEj(l). (1.4)

In equations (1.1) + (1.4), the indices i, j, k,I,m € {1,2,3},G2 is the shear elastic
modulus of the conducting medium, p™) and p(® are the bulk densities of materials,
7 = {ugn) (x4, CEQ,.’Eg,t)} are the vectors of elastic displacements, u") and () are
the magnetic fields permeability in piezoelectric and electrically conductive media,
respectively. éijkl is a tensor of elastic constants, é,,,; is a tensor of piezoelectric
modules,é;i, is a tensor of dielectric constant of piezoelectric, and @;; = du;/0x; +
Ou;/Ox; is the tensor of linear deformation of piezoelectric medium.

Hereinafter, the permeability of the magnetic field of the piezoelectric will be
considered p) = 1.

The superscripts (1) and (2) denote the quantities corresponding to the piezoelectric
half-space and perfect conducting half-space, respectively.

Since the electroactive elastic shear wave is possible in the sagittal plane 0zixo of
a piezoelectric material, the displacement field can be represented by two-dimensional
equations in the plane Oxjx2 in the half-spaces n € {1,2}.

Elastic displacements field of this type is permissible if, in the solutions of equations
(1.2) and (1.3), we put Eél)(xl,xg,t) = 0 taking into account the material relations
(1.4).

Then, an electric field is potential also in a piezoelectric medium E(l)(xl, Zo,t) =
—grade™ (x1,x4,t). For piezoelectric half-space under consideration, we obtain the
following system of equations

5)2 (1)
2w2, (1) Ug (‘Tlvx%t)
ciVauy(x1, T2, t) 2 (L5)

V2 [U;(gl)(thl?z,t) — (e1s/€11)- 90(1)(951@27t)} =0

Where, ¢; = 1/G1/p() is the speed of the volume shear wave, G1 = Cus(1 + x?)

is the piezoelectrically stiffened elastic shear modulus, x = v/e%;/(£11Cs4) is the
coefficient of electromechanical coupling in piezoelectric medium.
For a magneto active elastic shear wave travelling in perfect conducting half-space,
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from equation (1.1) we obtain

To,t) 82ué2) (21, x9,1t)
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Here ¢y = \/G2/p?) is the velocity of the bulk shear wave and ay = Hy/+/4mp(?)
is the speed of Alfven in a conducting medium.

Since the accompanying magnetic field is neglected in a piezoelectric medium,
and the accompanying electric field is neglected in a perfect conducting media, the
electroelasticity equations (1.5) in the piezoelectric media and the equation (1.6)
of magnetoelasticity in the perfect conducting media can be obtained in a rather
simplified form.

Accordingly, they will be small of the ordera 10~°.

The boundary conditions can be also simplified. Taking into account that the
corresponding component of the Maxwell stress tensor is identically zero at the
interface, zo = 0 we obtain

8u(1)(x1 X, 1) oM (x4, 24, 1) 8u(2)(x1 Ta,t)

C 2 — R = Gyt 1.7

44 O + €15 O1a 2 O ) (1.7)
Ugl)(l“hwz,t) = u§2)($1,9€27t)7 oW (1, 22,t) = 0. (1.8)

The condition (1.7) is obtained from the condition of continuity of mechanical
stresses. The conditions (1.8) are obtained from the condition continuity of elastic
displacements and the tangential component of the electric field at the interface of
the half-planes.

Since we consider the surface waves, the conditions of disturbances attenuation
for damping of disturbances over the depth of half-spaces must be satisfied also

;(32) (‘rlv x2, t)

. (1) _ . (1) _ .
mlggoou:s (x1,2,t) =0, mzlirgmgo (x1,22,t) =0, mlgrjmu

= 0.
(1.9)

2 Formation of the hybrid of the electroactive and
the magneto active SH elastic waves

Based on attenuation conditions (1.9), the solutions both of the equations (1.5)
and (1.6) can be represented as
ugl)(xl,xQ,t) = A - exp(—kayxs) - explik(x; — vt)],
@M (1, 29,t) = [By - exp(—kxa) — (e15/e11 ) - A1 - exp(—konxs)] - explik(z; — vt)]
(2.1)

U,:())Q)(l‘l,l‘g,t) = As - exp(kasxa) - explik(xzy — vt)] (2.2)
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Here o = 1—v%/c? > 0and o = 1+a3/c3 —v?/c3 > 0 are attenuation coefficients
of waves in half-spaces, v(w) = w/k is the unknown phase velocity of a surface hybrid
wave localized at the contact interface of the adjacent half-spaces of the composite
media.

Substituting solutions (2.1) into boundary conditions (1.7) and (1.8), we obtain a
system of homogeneous algebraic equations for arbitrary constant amplitudes. From
the condition for the existence of nontrivial solutions to a system of homogeneous
algebraic equations, the dispersion equation is obtained

(1= v2(W)/3)? +(G1/G) - (1+ a3/ —vw)/3) " =x*  (23)

The condition for the existence of real roots for the dispersion equation (2.3) is
v2(w) < min{c3, %+ a3}.

The left side of equation (2.3) is a monotonically decreasing function of the phase
velocity v(w). This makes it possible to obtain the conditions for the existence of a
hybrid of surface waves depending on the ratio of the shear wave velocities in the
media and on the magnetic field intensity. Let’s consider different cases:

i) Let the speed of an elastic transverse wave in the piezoelectric medium be less
than the speed of an elastic transverse wave in the perfect conducting medium ¢; < ¢s.
Since the parameter on the right-hand side of Eq. (2.3) must be between the extreme
values of the function on the left-hand side of the Eq. (2.3). The condition for the
existence of surface waves in this case can be written in the following form

(G1/Ga) - (14 (a2 —2)/E2)? <2 <14(Gh/Go) - (1+a2/2)? (24)

Since the coefficient of electromechanical coupling of the piezoelectric medium is
less than unity 0 < x? < 1, the condition (2.4) can be reduced to the form

1/2
Ho < 2/mp® - [[(G2/G1) * - x* — 1) + ]

(2.5)

It follows from this condition that in the absence of an external magnetic field,
(Ho1 = 0), the surface elastic shear waves of phase velocity v(w) < ¢;, can exist in
the composite if x? > (G1/G2) - \/c2 —c3/ca < 1.

The weak external magnetic field, satisfying to condition (2.5) does not eliminate
the surface waves. The strong external magnetic field can lead to elimination of the
existing hybrid of surface shear waves, at the following values of the magnetic field
intensities

_ 1/2
Hy > 2v/7p® - [ — (1 - *G3G52) - 3]

ii) In velocity ratios ¢? > ¢3 + a3, the condition for the existence of a hybrid of

surface shear waves can be defined as

(2.6)

1/2

(1 —(c2 —&—a%)/c% )1/2 <x?<1+4 (G2/Gy) - (1 +a2/c3 ) (2.7)

Obviously, in the absence of an external magnetic field, when Hy; = 0, for
composite materials where ¢; > ¢o the surface shear waves always exist. Such waves
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can be eliminated outside of the narrow interval of external magnetic field intensities

9 7_[_,0(2) . [(1 _ X4) 'C% . C%] 1/2 < Hy < QW. (C? — 63)1/2 (28)

iii) When ¢ < ¢ < ¢} + a3, instead of relation (2.7), the existence condition for
the surface shear waves can be written as

(Go/Gr)- (1= (2 —ad)/2)"? <2 <1+ (Go/Gy) - (14a2/2) (29

In this case, in the absence of a magnetic field, the condition for of the surface
shear wave existence is

(1— /) <2 <1+4(Ga/Ch) (2.10)
The external magnetic field can lead to the elimination of existing surface waves if

}1/2

Hy < 23/7p@ - [cf —[1 = (G2/G1)? - xYe2 (2.11)

From condition (2.10) it follows, that in case of absence of an external magnetic
field, shear surface waves always exist.

In the cases both of a weak magnetic field, when Hy < 2y/mp3 - (¢} — c3)
and a strong magnetic field, when Hy > 2y/mp®@ - [} — (1 — x*G3G5?) - 03]1/2 , the
elastic surface shear waves disappears.

An external magnetic field can lead to appearance of waves, if

2V/mp® - (3 = B)'* < Ho <2v/mp® - [ - (1-x1G3G52) -] (212)

1/2

Numerical Analysis

For piezoelectric medium, we take the material Cadmium Sulfide CdS, with the
following material parameters: p; = 4.82 - 10% kg/m? - bulk density, cqy = 1.43 -
10'° N/m? - shear modulus, x? = 0,047 - coefficient of electro-mechanical coupling,
Gy = 1.4972 - 10'°N/m? - piezoelectrically stiffened elastic shear modulus and ¢; =
1.7625 - 103m/sec is the speed of bulk shear waves.

For perfect conducting medium we take the material Tin Sn, with material parameters:
po = 7,29 -10% kg/m> is the bulk density and c; = 1.7563 - 103m/sec are the shear
stiffness of, and the velocity of bulk shear waves is G = 2.2487 - 101°N/m? .

For this selected materials ¢; > ¢y and the condition for the existence of waves
(2.10) is also satisfied. In the absence of an external magnetic field, the surface elastic
shear waves propagate in both of half-spaces. In the piezoelectric half-space, the
surface shear wave is accompanied by oscillations of the electric field, and in the electro
conducting half-space we have a purely elastic shear wave. For the weak magnetic field,
when Hy < 3.558 - 10%a/m or strong magnetic field, when Hy > 3.797 - 10%a/m , the
surface waves in the composite do not exist.

For the intensities of the external magnetic field satisfying to condition (2.12):
3.558-10%a/m < Hy < 3.797-10%a/m , there exist the hybrid both of the magnetically
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active surface elastic shear wave in electro conducting medium and the electrically
active surface elastic shear wave in a piezoelectric localized at the contact interface
of these media.

Conclusion

In a composite consisting of 6mm class of hexagonal symmetry piezoelectric medium
contacting with perfect conducting medium, in the absence of external constant
magnetic field the elastic shear surface waves are always exist localizing at contact
interface. In the piezoelectric medium, this wave is accompanied by oscillations of the
electric field. The presence of an external magnetic field parallel to the interface can
eliminate these surface waves.

At other values of the external magnetic field intensities, the hybrid both of a
magnetically active elastic surface shear wave in perfect conducting medium and an
electrically active elastic shear wave in a piezoelectric medium is exist localized at the
contact interface of these media.

This kind of compound composite makes it is possible, by means of changing
intensities of external magnetic field, to control propagation modes of electro-magneto-
elastic surface waves in composite devises.
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