<U3UWUsSuvh GhSAFE3NFLLELP W2GU3PL WUUAGURUSE SEA6ULAPL
W3BECTHS HAITMOHAJBHON AKAJITEMUM HAYK APMEHUM

Utilumbihju 77, Ne2, 2024 Mexannka
YK 539.3 DOI: 10.54503/0002-3051-2024.77.2-68

Reflection and refraction of multi-component electro-magneto-elastic
waves from the interface of two 6mm class piezoelectrics with different
polarization of the medium®

Ara S. Avetisyan, K.B. Ghazaryan

The work is dedicated to the memory of our teacher:
Professor Mels Belubekyan

Keywords: piezoelectric texture, waves reflection, waves refraction, multi-component waves, electro-magneto-
elastic waves, plane deformation problem, non-acoustic contact.

Apa C. Aserucsn, K.b. Kazapsan
OTpaskeHue U NpeIoMJIeHIe MHOTOKOMIOHEHTHBIX 3JIeKTPO-MAarHUTO-YNPYTHX BOJIH OT
TPaHUIBI pa3jesia ABYX Mbe3031eKTPHKOB KJiacca 6Mm ¢ pasanyHoii noJisipu3anueil cpeabl

KaroueBble €J10Ba: NbE303JEKTPHUECKAs TEKCTYPa, OTPAKEHHE BOJIHEI, NPEJOMIIEHHE BOJIHEI, MHOITOKOMIIOHEHT-
Hasl BOJTHA, YJIEKTPOMArHUTHAs yIpyTas BOJIHA, 3a71a4a IIOCKOTO0 1e()OpMUPOBaHHs, HE aKyCTUYECKNH KOHTAKT.

PaccmoTpeno oTpakeHHE U IPENIOMICHHE MHOTOKOMIIOHEHTHBIX MEUICHHBIX OJIEKTPO-MarHHTO-yIpPYrux
BOJIH OT I'PaHMIBI pa3zeNia TPaHWYalluX H30TPOIMHOKM M aHU30TPOIHON MbE303JIEKTPUUECKHX MONYIIOCKOCTEH
KJlacca 6mMm ¢ pa3nudaHO# monspu3anueii cpeqpl. B cirydae ecTecTBeHHOI MONSAPHU3AIMHI KPUCTAIUIA, B TNIOCKOCTH
M30TPONUM IOJNHOE BIEKTPO-MarHUTO-YIPYroe IOoJe pPacHamaeTcss Ha IMSTUKOMIOHEHTHOE AJIEKTPO-MarHUTO-
yTIpyToe HoJie TIOCKOH JehopMaIii U Ha YeTHIPEXKOMIIOHEHTHOE 3JIEKTPO-MarHATO-YTIPYTOE TOJIe aHTUILIOCKO#
nedopmaruy. TIpy 3TOM MesIeHHbIE yIpyTHe BOJNHEI TNIOCKOH Jie(hopMaIiy COMPOBOKIAIOTCS TOJNBKO MeUICH-
HOIl HONEepevyHO NOIAPU30BAHHON BOJHOM DIEKTPHUYECKOTO IOJA, a MEIJICHHbIE YIPYTue COBHUTOBBIE BOJIHBI
CONPOBOKAIOTCS MOJISIPH30BAHHOM B 3a7JaHHON MJIOCKOCTH MEJIEHHOH BOJTHOM 3JIEKTPHYECKOro Mojsl. B ciaydae
JIPYroii MoNsApU3alMi KPUCTalIa B INIOCKOCTH aHU30TPOIUHM TaKKe CyMMAapHOE BJIEKTPO-MAarHUTO-YIIPYyroe IojIe
pasziensieTcs Ha MATHKOMIIOHEHTHOE 3JIEKTPO-MAarHUTO-yNpyroe IoJe MIOCKON Ae(opMamii U YeThIPEXKOMIIO-
HEHTHOE 3JIEKTPO-MarHUTO-yNPyToe ITI0jIe aHTHILIOCKOH Aedopmamy. Ho, mpy 3ToM MesyIeHHbIe yIpyTHe IUio-
CKHE BOJIHBI Je)OpMaIiy COMPOBOXKNAIOTCS MEICHHOH BOJHON BIEKTPUYECKOTro IIONs, MOJAPH30BaHHON B
3aJaHHON IUIOCKOCTH, a ME[JICHHbIC YNpPyrHe CIBUTOBBIC BOJHBI —MEIJIECHHOH IIONEPEYHO MOJISIPU30BAHHOU
BOJIHOM 3JIEKTPHUYECKOTO TOJIA.

Ha noBepxHOCTH He aKyCTHYECKOro KOHTAKTa pasjea PasHO IOJSPHU3UPOBAHHBIX IHE303IEKTPUUECKUX
HOJyIPOCTPAHCTB, TE€HEPHPOBAHHOE B OJHOM M3 IONYIPOCTPAHCTB IbE30IEKTPHKa MHOTOKOMIIOHEHTHOE
3JNIEKTPO-MarHUTO-YNPYTOE MOJIE OJJHOTO M3 THIOB TpaHCHOPMHUPYETCsS B THOPH]] MHOTOKOMITIOHEHTHBIX 3JI€KTpO-
MarHUTO-YTPYTUX BOJIH INIOCKON M aHTUILIOCKOH nedopMaruid.

Wnuw U. Gdtmphuywi, 4.2, Qwqupui
Puquiwpwnunphy fEmpu-dugihuw-wpwaguljui whpatph wpppunupanwip b pinoip
dhpwyuyph wmwppbtp peinwgniing 6mm nuuh Gpyne whtgnkiwphyiatph dhekiptuhg

<pibwpwnbp. ywhtgnitupuub junnigguop, wihph wtnpunwpaniy, wjhph pinid, puqiupununnphs
whp, LEjupuiwgihuwub wnwaqujub wihp, hwppe nibnpdwghuyh pbtnhp, ng wyniumhly hthnid:
Qhunwpud £ puquupununphs nuitinun Liuopu-dwugihuw-wunwagujut wihpbtinh winpunwnan-
up b pnudp 6mm nuuh hgnnpnyy b wthgnupnu whtgnkijunpujub jhuwhwpenieyniabtph dhetiptiuhg®
thowyuyph mwpptp pltinugnidtiiph niygpnid: Mytgnpyniptinh phwub pbinwgdwt ntiypniy, hgnupn-
wuyhlt hwppnipniinud piinhwinip Haupudwgihuwut - wowagqujub nupup wmpnhynmd £ hwpp
ntibnpiwghwyh hhtg-pununphs  Ejupudugihuwwnwaqujuit nupmh b hwjuwhwpe nbnpdughwgh
snpu-pununnhs Liiumpudugihuwunwaqujut nupnh: Wu nhiypnid nuinun wnwaqujut hupe ntibnp-
dwghuwyh wihpbtipp nintiygynid &b juytwyh pletinwgyud nputnun LEiupuut nupwnh whpny, hul npub-
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nun hwljwhwppe ntdnpiwghuyh uyhpbtipn nintygynid G vjuy hwpenipniinid ptinwgqud npubinun
Byupulub nuwpwh wihpny: Wahgnupnuwuyhlt hwpenipeiniinud, pniptnh pun wy; wnwbgph plinwgdwb
ntwpnid, phnhwinip  Hjupudwgbhuwub  wpwadquijub nupnp  Gnybwbu - wpnhymd £ hwpe
ndnmiwghugh hhtig-pununnhy  Eiumpudugqihuwwnwaqujut nupwh b hwjwhwpe phdnminnghugh
snpu-pununnhs hjupudwgihuwwnwagqujub nupnh: Puyg, wju nhiypnid, nubnun wpwaguljub hupp
ntibnpiwghwyh wihptipp nintlgynid G juytwyh plinwgyud nuibtinun Liupulub nupwh wihpny, hul
nuinun hwiwhuppe ptdnpiughugh wihpbtipp ninblgynid &b wfjuy hwppnipmiind  pltinwgduo
nubnun Gtyupulud nwywh wihpny:

Swipptip plbinwgyuontpyuip whbgnhjupulub jhuwnwpuodnipynibatinh dhole ny wijniumhly huypdwb
dwltplnyph Ypw npubghg dtinud ghbtpuggud gty wbuwyh Bijupuiugihuwwnwaqujub wjhpp
thnfuwltpuynud £ hwpe L hwwhwpe pbnpdwghwitiph puqdwpununphs bjuopudwgbhuwuunwagqu-
Yuwl wyhpltinh hhpphnh:

The reflection and refraction of multicomponent slow electro-magneto-elastic waves from the interface
between isotropic and anisotropic piezoelectric half-planes of class 6mm with different polarization of the medium
is considered. In the case of natural polarization of the crystal, in the isotropy plane, the total electro-magneto-
elastic field is divided into a five-component electro-magneto-elastic field of plane strain and a four-component
electro-magneto-elastic field of antiplane strain. In this case, slow elastic plane deformation waves are
accompanied only by a slow transversely polarized electric field wave, and slow elastic shear waves are
accompanied by a slow electric field wave polarized in a given plane. In the case of a different polarization of the
crystal in the anisotropy plane, the total electro-magneto-elastic field is also divided into a five-component electro-
magneto-elastic field of plane strain and a four-component electro-magneto-elastic field of antiplane strain. But, in
this case, slow elastic plane deformation waves are accompanied by a slow electric field wave, polarized in a given
plane, and slow elastic shear waves are accompanied by a slow transversely polarized electric field wave.

On the surface of the non-acoustic contact between differently polarized piezoelectric half-spaces, a
multicomponent electro-magneto-elastic field of one type generated in one of the piezoelectric half-spaces is
transformed into a hybrid of multicomponent electro-magneto-elastic waves of plane and antiplane deformations.

Introduction

Back in 1949, the propagation of plane waves in the isotropy plane of an infinite
piezoelectric medium was studied, in which the electromagnetic and elastic modes are
coupled, and the multicomponent electro-magneto-elastic wave has five phase velocities for
both electromagnetic and acoustic waves [1]. Slower electromagnetic waves represent field
changes that accompany elastic waves, and fast elastic waves are mechanical deformations
that accompany an electromagnetic wave. The piezoelectric effect contributes to the
reflection of electromagnetic waves at the interface. This introduces a small correction to
the familiar expressions for reflection coefficients. This correction can be used to determine
piezoelectric constants, provided that the reflection coefficients and other constants
involved can be accurately measured.

Also, at certain frequencies the crystal can be brought into resonance. With the
resonance of an elastic wave, an almost perfect reflection of the incident electromagnetic
wave occurs.

Considering this fundamental principle and based on the lattice dynamics model, the
propagation of a Rayleigh-type surface wave in a micropolar piezoelectric medium [2] and
the features of the propagation of a bending wave in one-dimensional phononic crystals
were studied. [3], propagation of electromagnetic waves in nanocomposite materials
consisting of chiral nano inclusions [4], interphase shear-horizontal acoustic waves along
the boundary of two half-spaces, which are piezoelectric crystals of cubic symmetry [5],
generation and propagation of ultrasonic waves in a single-layer piezoelectric graphene
nanoribbon [6].

There is extensive literature on the reflection and refraction of electro elastic waves at
the interface of the layered structure of piezoelectrics [6+22]. Previously, different authors
considered both the problems of reflection and refraction of multicomponent
electroacoustic waves from the surface of a homogeneous piezoelectric half-space with
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different electromechanical conditions on it [6+9], and the problems of reflection and
refraction of such waves from the interface of two different piezoelectrics under different
electromechanical contact conditions [10+17]. Solutions to problems of reflection and
refraction of electroacoustic waves are also known for cases of complete electromechanical
contact or without acoustic contact of two piezoelectric half-spaces of different symmetry
classes [18+22].

The proposed work examines the propagation of a three-component electroelastic wave
(the case of an electroactive antiplane deformation SH wave) considering the
accompanying transversely polarized magnetic field. The possibility of converting a
transversely polarized magnetic field into a transversal transversely polarized electric field
and vice versa will be demonstrated.

1. Basic relations of electro-magneto-elasticity for piezoelectrics of class 6mm at
different polarizations of the piezocrystal

The physical and mechanical constants describing the properties of a homogeneous

piezoelectric medium: elastic rigidity, piezoelectric coefficients, dielectric constant and

magnetic field permeability form a generalized -electro-magneto-elastic tensor of

piezoelectric materials (yjn )llez = (Cij )Gxﬁ U8 )ae Y (Eik ) U (Ml )y~ N wave
processes in which temperature changes can be neglected, the material equations of state
for a piezo dielectric medium are presented in a significantly simplified form

Oj (U B, HL) = CijnkUnk — € E D,(u

ijm—m 1

nm? Ek) = emnkunk +gmk Ek !

Bm(Hn)::uman (11)
When formulating the equations of motion of a medium for piezoelectric materials,

mass forces of an electromagnetic nature arising as a result of the interaction of induced

currents with an electromagnetic field are usually not considered. Therefore, the equations
of motion of the medium take the well-known simple form

ooy Jox; = p(0%u;/at?). (1.2)

In the absence of free electric charges and conduction current, the electromagnetic
field in these media is described by Maxwell's dynamic equations
ey (0E;/ox, )+ 0B Jat=0, & (oH;/ox, )-aD, /ot =0,
6BJ./8Xj =0, oD,/ox,=0. 1.3)

In equations (1.3), the components of the Levi-Civitan tensor €, =[€€€,] is defined

as a mixed product of the basis vectors of the piezo texture {€,}.

Physic mechanical constants of the material and the generalized linear tensor of electro-
magneto-elasticity as a whole, for each piezo texture, are determined in accordance with the
geometric scheme of piezo textures, according to the rules for installing crystals according

to the syngonies and the rules for choosing crystallographic axes 0x X,X, in them (Fig. 1)
[21, 22].
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0x,, Ox, 22 m,
0%, 22 ps
o, =7/2,

Yo =7/3,
8, =h, #C,

Fig. 1. Geometric scheme of piezo texture class 6mm of hexagonal symmetry with a choice of
crystallographic coordinate axes, angles and unit vectors

Piezoelectrics of the 6mm class have transversally isotropic textures, and three
significantly different axial polarizations are possible in them:
i) the case of natural polarization, when the axis of crystalline polarization

0x, 22 [, is combined with the axis 0z of the Cartesian coordinate system,

if)  the case when the axis of crystal polarization 0Ox, = P, lies in the isotropy plane
of the crystal (for clarity, we assume p || 0X).

iii) the case when the axis of crystal polarization Ox, &2 P, lies in the plane of
isotropy of the crystal (for clarity, we assume p, || Oy ).

Piezoelectric-1

P z
5|02 /

Piezoelectric-2
NN

Pgl|0x or Pgl|Oy

¥y

Fig. 2. Composite space of two differently polarized piezoelectrics of class 6mm
To study the reflection and breaking of an electro-magneto-elastic wave from the

contact surface of a two-layer piezoelectric space, we assign it to a single Cartesian
coordinate system 0Xxyz so that the components of the half-space in it border the coordinate
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plane 0zx and the coordinate axis 0y perpendicular to this plane (Fig. 2). As follows from

the geometric diagram of the 6mm class piezo texture with the choice of crystallographic
coordinate axes and angles (Fig. 1), the last two axial polarizations make an angle between

themselves /2 — 90° .

In the case of the direction of the axis of crystal polarization f, || 0X;, along the
coordinate axis 0z lying in the isotropy plane of the piezocrystal of the Cartesian system,
the coordinate systems O0xX,X, &2 OXyz coincide, and therefore the planes
0x,x, <> Oxy coincide. The functional connections of the material, the equations of
motion of the elastic medium and the equations of electrodynamics, for the separated
problems of plane and antiplane deformations in the anisotropy plane 0XX, <> Oxy,
subject to J[*]/dz =0, will respectively be written in the form:

a) Functional connections between the medium and the electro-magneto-elasticity equation
in the plane deformation problem

o, =C au+c aV—eE G, =C au+c aV—eE
XX 11 6X 12 ay 137z yy 12 6X 11 ay 13—z
(1.4)
o, =2(Cy—8p) QL
Xy 1 12 ay 8X
ou  ov
Dz :el3 (&+5]+83E2' Bx = “’le' By = HzHy (15)
Considering (1.4) and (1.5) as well as two-dimensional equations
%Jr%:p@, 00 4 +ﬂ:p62‘2’ (1.6)
ox oy ot ox oy ot
oH, @&H, oD, OE,  oB, OE, 0B, (1.7)
ox oy ot oy ot ’ ox ot
the equations of the electroactive plane strain problem are reduced to the form
o%u —¢, 0°u ¢, +C, 0V OE o%u
C11_2+Cll 12_2+ 11 " V12 —613—Z:p—2
OX 2 oy 2 oxoy OX ot
- 2 2 2 2
€y, —C, OV c OV ¢,+C, O'u oE, 0%V (1.8)

—e,—==

2 o mar ' 2 ey Py Do
0°E o°(ou ov oH, 1 0E oH, 1 0E

AE, =g —==+ —t= | =, =——",
ox oy ot w, oy ot op ox

o Mo
b) Functional connections between the medium and the equation in the anti-plane
deformation problem
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oW ow
x :C44&_615Ex' Gy, =C44E_915Ey

oW oW (1.9
D, =e,—+¢E,, Dy Zels—+81Ey

oX oy
2 o°w 1 0°H, 110
CllAWZ > AHZ 2?? ( . )
OB, _10H, esd'w OB, __10H, esd'w (1.11)
ot g Ox g oxot ot g, Oy & oyot

In the first equation (1.10) the elastic shear wave velocity €, :«/(1+ ;(2)(:44/,0 appears.
According to the obtained relations (1.4) + (1.11), in the isotropy plane of the
piezocrystal-1 Ox X, <> Oxy (Fig. 2), the total electro-magneto-elastic field into

{ux, y,1); v(x, y,1); 0; 0; 0 E, (X, y,t); H (X, y,1); H,(x,y,t); O} a  five-
component electro-elastic field of plane strain and into a four-component electro-magneto-
elastic field {0; 0; w(x,y,t); E, (X, y,1); E (X, y,1); 0; 0; 0; H,(x,y,t)} anti-plane

deformation is divided. Moreover, according to the identified structures of multicomponent
waves, slow elastic plane strain waves (waves with the speed of sound) are accompanied

2 2
0 Ez(x,y,t)ﬂla_ 8u(x,y,t)+8v(x,y,t) A slow
oX oy

only by AE,(X,Y,t)=p¢, pe 150

transversely polarized electric field wave. Fast magnetic fields are generated by slow
electrical waves [OH, (X, y,t)/ot]=—p " [OE, (X, y,t)/oy] and
[oH, (x, y,1)/at] = p;* - [OE, (x, , 1) /ox]

According to the identified structures of multicomponent waves, slow elastic waves of
antiplane deformation are accompanied only by a slow electric field wave

OE, (X, y,1)=—(&is /&) (OW(x,y,t)/0x) and OE, (X, y,t) =—(es/e,)- (OW(X, y.t)/5y)
polarized in a given plane. . Also, fast electric field are generated by fast magnetic waves
[OE, (%, y,t)/0t]=&," -[H,(x, y,1)/&X] and [E, (x,y,t)/ot]=—¢"-[OH, (x, ¥,1)/dy].

In the case of the direction of the axis of crystal polarization || 0X;, along the
coordinate axis Ox lying in the isotropy plane of the piezocrystal of the Cartesian system,
the coordinate systems OxX,X, 2 Oyzx coincide, and therefore the planes
0x,x, <> 0xy coincide. The functional connections of the material, the equations of
motion of the elastic medium and the equations of electrodynamics, for the separated
problems of plane and antiplane deformations in the anisotropy plane 0x,X, <> Oxy,
subject to J[*]/0z =0, will respectively be written in the form:

a) Functional connections between the medium and the electro-magneto-elasticity equation
in the plane deformation problem
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ou ov ou ov

O 2033&+C135_633Ex’ Oy :C13&+0115_931Ex’
(1.12)
_ ou ov £
Oy = Cay @"’& —&sEy

ou ov ov ou
D =€ [aﬁ'&j-i'filEx s Dy :egla+es3&+83Ey, Bz :MlHZ, (113)

X

Considering (1.12) and (1.13) as well as two-dimensional equations

00y , 90w _ O 9oy oy _ 0 (1.14)
x oy ‘o x oy o

D, Dy o &K __ oM, M, _D o H,_D (g5
ox oy oy ox ot oy ot ox

the equations of the electroactive plane strain problem are reduced to the form

o’u o’u o’v oE, oE, ¢
CSBy—FCMW—F(ClS+644)ﬁ_e33§_61552 ?

v v o’u oE, OE, o'V
c44y+clW+(cl3+c44)@—e15§—eslg= pa (1.16)

o'v v o’u  oE,  OE,
eﬁy"'esly"'(esz+e15)@+81§+83520

oH, OE, OE, o°H, (1 1)\0°H, o(oE, ©OE,
e T e L R RECED)

a oy ox ot \e, g )oxoy otl ox oy

b) Functional connections between the medium and the equation in the anti-plane
deformation problem

—C, OW ow

><z:C11 C12_’ C'ryz:C44__elsEz'
2 X oy (1.18)
ow

Dz =e15_+81Ez' Bx =u3Hx' By zu’lHy
OX

c 82W+(C —cl)azw—e OE, _ °w

“ o ) T Ty p o (L19)

0°E, 1 0%, 1 O%E, e, &°w
. + . —_

Z

o e, Xt e, dyot s, oxot?
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According to the obtained relations (1.12) + (1.19), in the anisotropy plane of the
piezocrystal-2 OX,X, <> OXy (Fig. 2), the total electro-magneto-elastic field is divided
into a  five-component  electro-magneto-elastic ~ field of  plane  strain
{ulx,y,1); v(x,y,1); 0; E (X, y,t); E (X, y,1); 0; 0; 0; H,(X,y,t)} and into a two-
component electro-elastic field {0; 0; w(x, y,t); 0; O; E,(X, y,t)} antiplane deformation
field, as well as a two-component plane magnetic field{H, (X, y,t); H, (X, y,t); O} . Slow

elastic plane waves of deformation (waves with the speed of sound) are accompanied by a
slow electric field wave polarized in a given plane (1.16) and a transversely polarized

magnetic field wave w,[0H,(x,y,t)/ot]=[0E,(x,y,t)/0y]-[CE, (X, Y,t)/Ox]. Slow

elastic waves of antiplane deformation (waves with the speed of sound) are accompanied
only by a fast electric transversely polarized wave (1.19).

In the case of the direction of the axis of crystal polarization || 0X,, along the
coordinate axis Oy lying in the isotropy plane of the piezocrystal of the Cartesian system,
the coordinate systems OXX,X, &2 0zxy coincide, and therefore the planes
0x,%, <> Oxy coincide. The functional connections of the material, the equations of
motion of the elastic medium and the equations of electrodynamics, for the separated
problems of plane and antiplane deformations in the anisotropy plane 0x,X, <> Oxy,
subject to J[*]/dz =0, will respectively be written in the form:

a) Functional connections between the medium and the electro-magneto-elasticity equation
in the plane deformation problem

=cC 6_u+ @—e E G, =C a—u+c @—e E
11 6X Clsay 13—y lsax 336y

vy 33—y

ou ov

Oy =Cu| —+—— —e;E,
oy oOx

(1.20)

ou ov ou ov
D)< 2915(5+&]+81EX ) Dy =el3&+e335+83Ey, BZ :Mle’ (121)
o’u o’u o°v OE, oE, du
C11y+c44W+(C13+C44)@_e13§_615 oy :py
o°v o°v o°u OE, oE, 0%
Caa y"'cm W"' (C3+Cy) oxdy — €5 o — €5 oy = ? (1.22)
o*v o’v o’u oE,  OE,
e15y+e33§+(615+e31)axay+81 o & =0
oH, ©OE  OE o*H 1 1)6°H, o(o0E, OE
Hl_Z: X__y’ “1 ZZ = —a — z_ x ¥ (123)
ot oy oOX ot g, €& )joxoy ot\ ox oy
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b) Functional connections between the medium and the equation in the anti-plane
deformation problem

ow ow ow
Oy = C44&_e15Ez Oy :(Cll -G )E' D, =e15&+81Ez' (1.24)
c o’'w (e —c )62W o O pazw
iare 11~ b2 ) 5 765 = 2
OX oy OX ot (1.25)

OE,__1 OE, 1 O, e, ow

o2 e, Oy20t e, OXOt g, OXOt

According to the obtained relations (1.20) + (1.25), as in the previous case, in the
anisotropy plane of the piezocrystal-2 0X,X, <> Oxy (Fig. 2), the total electro-magneto-

elastic field is divided into a five-component electromagnetoelastic field of plane strain and
into a two-component electroelastic field, a field of antiplane strains, and also two-
component plane magnetic field. Here too, slow elastic plane strain waves (waves with the
speed of sound) are accompanied by a slow electric field wave polarized in a given plane
(1.22) and a transversely polarized magnetic field wave . Slow elastic waves of antiplane
deformation (waves with the speed of sound) are accompanied only by a fast electric
transversely polarized wave (1.25).

It is interesting to note that both in the case of natural polarization of a piezoelectric, a
plane strain wave is accompanied by a magnetic plane wave polarized in this plane and a
transversely polarized electric field wave, and in other cases of polarization of a
piezoelectric, an antiplane strain wave is accompanied by them. Just as in the case of
natural polarization of a piezoelectric, an antiplane deformation wave is accompanied by an
electric plane wave polarized in this plane and a transversely polarized magnetic field
wave, so in other cases of polarization of a piezoelectric, a plane deformation wave is
accompanied by them. From the above it follows that in the case of complete contact of
differently polarized piezoelectric half-spaces (Fig. 2), the generation of an elastic wave of
one type in one of the half-spaces after reflection and refraction from the interface is
transformed into a complete package of electro-magneto-elastic waves in both half-spaces.
In the case of non-acoustic contact of differently polarized piezoelectric half-spaces (Fig.
2), the generation of an elastic wave of one type in one of the half-spaces, after reflection
and refraction from the interface, is transformed into an identical wave packet in its half-
space and into an electro-magneto-elastic wave packet with another elastic component in
the adjacent half-space.

2. Reflection and refraction of shear electro-magneto-elastic waves from the
interface of differently polarized piezoelectric half-spaces

For simplicity of calculations, as an example, we consider the reflection and refraction
of a shear electro-magneto-elastic wave from the interface of a non-acoustic contact of two
differently polarized piezoelectric half-spaces of class 6mm of hexagonal symmetry with
different natural polarizations.

The two-layer piezoelectric space is assigned to the Cartesian coordinate system 0xyz

so that the components of the half-space in it are bordered by the coordinate plane 0zx,
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and the coordinate axis Oy is perpendicular to this plane. The half-space
—0< X<, —o<y<0, —oo<zZ<ow polarized along the axis 0z, is occupied by a

piezo active elastic medium of class 6mm Piezoelectric - 1, and the half-space
—o<X<w, 0<y<ow, —w<z<oo, polarized along the axis Oy, is occupied by a

piezo active elastic medium of class 6mm Piezoelectric - 2 (Fig. 3).
From the half-space Piezoelectric - 1 at an angle ¢, an elastic shear wave is applied
to the interface of non-acoustic contact media y =0

Woy (x.y, 1) = A-expli(et —ky, x =k, Y)] (2.1)
According to the system of equations (1.10) and (1.11), the wave signal will be

accompanied by a plane polarized electric wave {E,,(x.y,t), Ey,(X.y,t), 0}

Eox (XY, 1) =ik (&5 /€,) - A-expli(ot —k;,x =k, Y)]

EOy (x.y,t) = _iklz (615/81) A eXp[i(mt - an - k12 y)]

A transversely polarized slow magnetic wave together with a wave signal W, (X.y,t) is
not induced. According to the first equation (1.10), the direction cosines will be equal

(22)

k, =k -sina,, k,=k cosa, kZ=a’/c2 (2.3)

A similar electroelastic wave is reflected from a mechanically free surface deep into
the half-space of Piezoelectric — 1

w,, (x.y,t) = B-expli(ot —k,x+k,Y)]

E, (x.y,t) =ik, (e5/&) - B-exp[i(wt —k, X + Kk, Y)] (2.4)
E, (x.y,t)=-ik, (e5/&) - B-expli(mt —k, x+k;,¥)]

The complete electro elastic wave in the half-space Piezoelectric — 1 is accept the form

w, (x.y,t) =[ A-exp[(—ik,, y)1+ B -exp(ik,,y) |- exp[i(at —ky;x)]

EY (x.y,t) =ik, (65 /&) [ A-exp[(—ik,,y)]+ B-exp(ik,,y)]-exp[i(ot —k,x)]  (2.5)
EP (x.y,t) =—iky, (e,5/&) [ A-exp[(-ik,,y)]+ B - exp(ik,,y) |- exp[i (et — k;,x)]

Non-acoustic contact at the interface of piezoelectric half-spaces is realized under the
following contact conditions

(1) _ (2) — (2) —
Gylz (x.0,t) =0, Gyzy (x.0,1) =0, fo, (x.0,t) =0,

(2.6)
E®(x.0,t) = E?(x.0,1), D{(x.0,t) = D{? (x.0,1),

Under conditions of acoustic-free contact (2.9), electromechanical stresses G(ylz)(X.O,t) =0,

o(x0,)=0, o (x0,t)=0 and electric field displacements D{’(x.0,t),

D§2)(X.O,t) are presented in the form of material relations (1.9), (1.20) and (1.21)
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ow,(x.0,t)

o (x0,t)=c,, e, EP (x.0,1),

Gg,?,)(X.O,t) — 013 auz(a);(),t) +033 (3V2(X.0,'[) —933E)(/2)(X.O,t),

6D (x0,t) =G, | MO V(X0 ) o ey 27)
oy OX

DO (x0,t) =g, O o po o,

ou, (x.0,t) ve

v, (x.0,t)
3

D (x.0,t)=e, +&,E{7 (x.0,1),

3!

According to the system of equations (1.22) and (1.23), a slow electroelastic wave is
induced in the half-space Piezoelectric — 2

u,(x.y,t) =C, -exp[i(at —k, X —kj,y)]+a,C, -exp[i(at —k, X —ky, y)] +
+buxce2x : eXp[i (a)t - I(21)( - I(22 y)] + buyCeZy : eXp[i (a)t - k21X - k22 y)]

V,(xy,t) =a,C, -exp[i(at —ky X —ky,Y)]+C, -expli(at -k, x =k, y)] +
+0,Cy -Xpli(at —ky X —ky, Y)]+ b, Ce,, - expli(wt —Ky X =Ky, ¥)]

VX e2x

2.8
E® (y,1) = 2,,C, -expli(et — kX — k)] +b,,C, -expliCat —kyx—kpy)l+ o)
+C.y - eXpli(wt — Ky X =Ky, y)] + bszeZy -expli(at —kyx =k, )]

E)(/Z) (x.y,t) = a,,C, - expli(wt —ky X —ky,Y)]+ beCv -expli(at —ky X —ky,Y)]+

+0,,Ce, - eXpli(at —k; X =k, )]+ C,, -Xpli(at —ky X =Ky, Y)]

2y e2x

In which normalizing factors are determined from the following systems of algebraic
equations

_(C13 + C44)k21k22 _kzzels k21e13 a C11k221 +Cy k222 - pmz
Cas kzzl +Cy3 kzzz - po’ Kp€is  —Kply |X| 8y |=|  (Cia+Cha)KyikKy,
e15k221 + 633k222 Ky, Kyg, a,, (€15 + €351 )Ky Ky, 2.9)
koG +K5Cus — 0P Kyl K€ a, Kp1Kzo (Cis +Cay)
K1Ky, (€13 +Cy) K115 K€y [X| by |= k221044 + k222033 -o’p
Ky Koo (815 +85) —k, 8, _k2283b2y be k221e15 + k222e33
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kzzlcll + k222C44 -po’ KpiKpp (Cis +Cop)  —Kpig by Koo
K31Cas +K3sCos = °P  Kyykyy (G +Coy) Ky [X| By, |= | Kyiys
ko1 + Koo KoKy (Bis +€51)  Kpts b,, Ky18, 2.10)
k221011 + k222C44 - mzp KyKpp (€ +Cyy) —kKy,8 5 buy Kyi€1
Ky1Kz (C3 +Cys) k221044 + k222C33 - mzp —Kpys [x bvy =| Kyy
KpiKpo (815 +€51) Ksi€1s + Kzosg K1 b,y —Kpts

A slow magnetic wave of transverse polarization together with electroelastic wave
transformation is not induced.

Fast magnetoelastic waves accompanying slow electroacoustic waves, determined from
equations (1.10), (1.11) and (1.23), are infinitesimal (of the order of =107°) and are not
taken into account in problems of electro-magneto-elasticity in quasi-static elasticity.

In a refracted multicomponent wave (2.8), the direction cosines are represented as

ky,=k,-sinB, ky,=k,-cosp, kZ=a’/c (2.11)

The speed €,,(K,,®) of a slow electroactive plane strain wave (P&SV) is determined
from the characteristic equation of the system (2.12) and (2.13).

Substituting the relations of electroelastic waves (2.5) and (2.8) into the boundary
conditions (2.6), taking into account representations (2.7), (2.9) and (2.10), we find the
amplitudes both of reflected B(A, ¢,) and refracted C, (A «,), C,(A &), C,,, (A «,)

e2x
, Cepy (A ;) multicomponent waves in the corresponding half-spaces.

The angle of transformed waves is found based on the same flow of the hybrid in the
direction 0x : K;, =K,,. From which it turns out

sin f=(€,/€,)-sing, (2.12)

The study of the behavior of a refracted wave and a wave hybrid as a whole comes
down to a numerical analysis of the behavior of the amplitude functions both of reflected

B(Aja,) and refracted C,(A,), C,(Aa,), C,(Aa), C, (Aa)
multicomponent waves in the corresponding half-spaces and the refraction angle function

B((cy/cy). o) =arcsin[ (G, /) -sine, | (2.13)

An analysis of this kind was carried out in [15,16,17,19] and others, in the problem of
the emergence of a hybrid during the propagation of an electroelastic shear wave.

Conclusions.

In the sagittal planes of differently polarized piezoelectric half-spaces of a 6mm class
piezoelectric, heterogeneous multicomponent electro-magneto-elastic waves are formed.

On the surface of the non-acoustic contact between differently polarized piezoelectric half-
spaces, a multicomponent electro-magneto-elastic field of one type generated in one of the
piezoelectric half-spaces is transformed into a hybrid of multicomponent electro-magneto-
elastic waves of plane and antiplane deformations.
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