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                     Abstract 
 A new formulation has been established for mathematical anlaysis of wave propagation at the interface of two distinct ortho-

tropic piezothermoelastic media of the well known generalized theory of thermoelasticity presented by Lord-Shulman (1967) 

has been taken into account. The governing equations are considered in plane and their solution give rise to various type of 

refl ected and transmitted waves. It is explored that there exist fi ve plane quasi waves in the considered model. The expres-

sions for amplitude ratios of diff erent refl ected and transmitted waves are acquired in transformed domain at the interface of 

two distinct media by employing suitable boundary restrictions. These ratios are functions of frequency, wave velocities and 

physical properties of two media. Corresponding to diff erent values of angle of incidence, the amplitude ratios are computed 

numerically and shown with the aid of graphs. 

   Keywords     Angle of incidence    ·  Micropolar    ·  Orthotropic    ·  Piezothermoelastic    ·  Refl ection and transmission coeffi  cients  

      Introduction 

 Materials with an interior structure are frequently used in 

modern engineering structures. This group includes mate-

rials that are polycrystalline and have a coarse or fi brous 

grain structure. The behavior of these materials cannot be 

adequately represented by classical elasticity. The theory 

of oriented media must be taken into consideration when 

analyzing such materials. `Micropolar elasticity’ termed by 

Eringen ( 1970 ) is used to describe deformation of elastic 

media with oriented particles. A micropolar continuum is a 

group of coupled particles that take the shape of tiny, stiff  

entities that are moving in opposite directions. The asym-

metric representation of deformation is necessary due to the 

physical character of these materials, as their mechanical and 

physical behavior cannot be adequately predicted by theories 

based on classical continua. 

 The linear theory of micropolar thermoelasticity was 

developed by extending the theory of micropolar continua to 

include the thermal eff ects by Nowacki ( 1966 ) and Eringen 

( 1970 ). Marin ( 1999 ) examined an evolutionary equation in 

thermoelasticity of dipolar bodies. Sharma ( 2012 ) analyzed 

refl ection of plane waves in thermodiff usive elastic half-

space with voids. Sharma and Marin ( 2013 ) studied eff ect of 

distinct conductive and thermodynamic temperatures on the 

refl ection of plane waves in micropolar elastic half-space. 

Sharma et al. ( 2013 ) examined wave analysis in micropo-

lar thermoelastic solid bordered by layer or half-spaces of 

inviscid liquid. Sharma and Marin ( 2014 ) discussed refl ec-

tion and transmission of waves from imperfect boundary 

between two heat conducting micropolar thermoelastic 

solids. Sharma and Khator ( 2021 ,  2022 ) investigated some 

problems of power generation due to renewable sources. 

Marin and Ochsner ( 2020 ) presented some results in Moore-

Gibson-Thompson thermoelasticity of dipolar bodies. 

 The theory of thermopiezoelectric material was fi rst pro-

posed by Mindlin ( 1961 ) and derive the governing equa-

tions of a piezothermoelastic plate. The physical laws for 

the thermo-piezoelectric materials have been explored by 

Nowacki ( 1978 ,  1979 ,  1983 ). Chandrasekharaiah ( 1984 , 

 1988 ) has generalized Mindlin’s theory of thermo-piezo-

electricity to account for the fi nite speed of propagation of 

thermal disturbances. Pang et al. ( 2008 ) investigated the 
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refl ection and refraction of plane waves at the interface 

between two transversely isotropic piezoelectric and piezo-

magnetic media. Sharma et al. ( 2008 ) discussed refl ection 

of piezo-thermoelastic waves from the charge and stress free 

boundary of a transversely isotropic half-space. Abd-Alla 

and Alshaikh ( 2009 ) studied refl ection and refraction of 

plane quasi longitudinal waves at an interface of two piezo-

electric media under initial stresses. 

 Various researchers have studied the problems of refl ec-

tion in piezoelectric media. Kuang and Yuan ( 2011 ) inves-

tigated refl ection and transmission of waves in pyroelectric 

and piezoelectric materials. Biswas ( 2021 ) studied surface 

waves in piezothermoelastic transversely isotropic layer 

lying over piezothermoelastic transversely isotropic half-

space. A general solution for the propagation of plane waves 

in the generalized piezo-thermoelastic medium for the two-

dimensional problem under the diff erent thermoelastic theo-

ries was investigated by Mondal and Othman ( 2021 ). Ezzat 

et al. ( 2022a ) investigated State-space approach to nonlocal 

thermo-viscoelastic piezoelectric materials with fractional 

dual-phase lag heat transfer. Ezzat et al. ( 2022b ) discussed 

size-dependent thermo-viscoelasticity theory for piezo-

electric materials. Ezzat and Al-Muhiameed ( 2022 ) studied 

thermo-mechanical response of size-dependent piezoelec-

tric materials in thermo-viscoelasticity theory. Recently, 

Abouelregal et al. ( 2023 ) discussed the theory of thermoe-

lasticity with a memory-dependent dynamic response for a 

thermo-piezoelectric functionally graded rotating rod. Barak 

et al. ( 2023 ) studied energy analysis at the boundary inter-

face of elastic and piezothermoelastic half-spaces. Barak and 

Gupta ( 2023 ) discussed Memory-dependent and fractional 

order analysis of the initially stressed piezo-thermoelastic 

medium. 

 This work examines the phenomena of plane wave refl ec-

tion and transmission at the interface between two orthotropic 

micropolar piezothermoelastic media. Five plane waves—

quasi longitudinal displacement, quasi thermal, quasi coupled 

transverse displacement, and quasi microrotational waves—

as well as one wave mode that corresponds to the electric 

potential wave are shown to exist in the micropolar orthotropic 

piezothermoelastic medium. The amplitude ratios of refl ected 

and transmitted waves are estimated numerically and plotted 

graphically with angle of incidence when a plane quasi-LD-

wave or T-wave is incident at an interface. 

    Basic equations and formulation 
of the problem 

 Following El-Karamany and Ezzat ( 2009 ) and Lord-Shul-

man ( 1967 ), the constitutive relations in a homogeneous 

orthotropic micropolar piezothermoelastic medium with 

one relaxation time are given by

      

      

      

      

       

 Balance laws

      

      

      

      

and

       

    tkl        Stress tensor  

    mkl        Couple stress tensor  

    Di        Electric displacement vector  

    Ei        electric fi eld vector  

    qi        heat fl ux vector  

    S        Entropy  

    T         Thermodynamic temperature  

    T0        Absolute temperature  

    c∗        specifi c heat at constant strain  

    𝜈1        thermal relaxation time  

    𝜌        Bulk mass density  

    J        Moment of inertia  

    ul        components of displacement 

vector  

    wk        Components of microrotation 

vector  

    ∈ij        dielectric moduli  

    𝜆i        pyroelectric moduli  

    kij        thermal conductivity tensor  

    bi        coeffi  cients characterizing the lack 

of a centre of symmetry  

    𝜀ij        components of micro-strain tensor  

    ∈ijk        permutation tensor  

    𝛽kl        thermal elastic coupling tensor  

    Cijkl, Gijkl, Dijkl        characteristic constants of material  

    gijk        electro-elastic coupling moduli  

 (1)tkl = Cijkl𝜀kl + Aijklwkl − gijkEk − 𝛽ijT ,

 (2)mji = Dijklwkl + Aijkl𝜀kl − eijkEk,

 (3)Di = ∈ijEj + gijk𝜀jk + 𝜆iT ,

 (4)qi = −T0bi

.

T +kijej,

 (5)𝜀ij = ui,j + ∈ijkwk, wij = wi,j,

 (6)tkl,k = 𝜌
..

ul,

 (7)mkl,k + ∈lmntmn = 𝜌J
..

wl,

 (8)Di,i = 0,

 (9)qi,i = −T0

.

S,

S = biei + 𝛽ij𝜀ij + 𝜆iEi + 𝜌c∗
(

T + 𝜈1

.

T

)
.
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 Here   Cijkl, Dijkl, gijk     satisfi es the symmetric relations

       

 In a centrosymmetric bodies, all components of   Aijkl     

vanish. 

 The equations for micropolar orthotropic piezothermoe-

lastic medium are derived by using the transformations fol-

lowing Slaughter ( 2002 ) in Eqs. ( 1 )–( 9 ). 

 An interface of two homogeneous centrosymmetric, ortho-

tropic micropolar piezothermoelastic media at uniform tem-

perature   T0     , namely medium   M1     and medium   M2     is taken. The 

origin of coordinate system is taken on the plane interface and 

  x3−     axis is taken vertically downward into the medium   M1     

which is represented as   x3 ≥ 0     . We restrict our analysis that 

plane waves are such that all the particles on a line parallel to 

  x2−     axis are equally displaced, so that all the partial deriva-

tives with respect to the variable   x2     will be zero. For two 

dimensional problem, we take   ⃖⃗u = (u1, 0, u3)     ,   ⃖⃖⃗w = (0, w2, 0)     , 

  ⃖⃖⃗E = (E1, 0, E3)     ,   Ei = −
𝜕𝜑

𝜕xi

     ,   𝜑     is the electric potential. 

 The fi eld equations in the absence of body forces, body 

couple forces, electric charge density and heat sources and 

the constitutive relations are given by

      

      

      

      

      

 (10)Cijkl = Cklij, Dijkl = Dklij, gijk = gkij.

 (11)

C11

𝜕2u1

𝜕x2

1

+ C73

𝜕2u1

𝜕x2

3

+

(
C19 + C77

) 𝜕2u3

𝜕x1𝜕x3

+

(
C77 − C73

)𝜕w2

𝜕x3

+ g13

𝜕2𝜑

𝜕x1𝜕x3

+ g71

𝜕2𝜑

𝜕x1𝜕x3

− 𝛽1

𝜕T

𝜕x1

= 𝜌
𝜕2u1

𝜕t2
,

 (12)

C37

𝜕2u3

𝜕x2

1

+ C99

𝜕2u3

𝜕x2

3

+

(
C33 + C91

) 𝜕2u1

𝜕x1𝜕x3

+

(
C37 − C33

)𝜕w2

𝜕x1

+ g31

𝜕2𝜑

𝜕x2

1

+ g93

𝜕2𝜑

𝜕x2

3

− 𝛽3

𝜕T

𝜕x3

= 𝜌
𝜕2u3

𝜕t2
,

 (13)

D24

𝜕2w2

𝜕x2

1

+ D86

𝜕2w2

𝜕x2

3

+

(
C73 − C33

)𝜕u1

𝜕x1

+

(
C77 − C37

)𝜕u3

𝜕x1

+ (C73 − C33 − 2C37)w2 + (g31 − g71)
𝜕𝜑

𝜕x1

= 𝜌J
𝜕2w2

𝜕t2
,

 (14)

− ∈11

𝜕2𝜑

𝜕x2

1

− ∈33

𝜕2𝜑

𝜕x2

3

+ (g71 + g13)

𝜕2u1

𝜕x1𝜕x3

+ g31

𝜕2u3

𝜕x2

1

+ g93

𝜕2u3

𝜕x2

3

+ 𝜆3

𝜕T

𝜕x3

= 0,

 (15)
k1

𝜕2T

𝜕x2

1

+ k3

𝜕2T

𝜕x2

3

− T0

𝜕

𝜕t

(
1 + 𝜏0

𝜕

𝜕t

)(
𝛽1

𝜕u1

𝜕x1

+ 𝛽3

𝜕u3

𝜕x1

)
−T0

𝜕

𝜕t

(
1 + 𝜏0

𝜕

𝜕t

)(
𝜆3

𝜕𝜑

𝜕x3

)
= 𝜌c∗

𝜕T

𝜕t
.

      

      

       

 Here   𝛽1 = C11𝛼1 + C19𝛼3, 𝛽3 = C91𝛼1 + C99𝛼3,       𝛼1, 𝛼3     are 

the coeffi  cients of linear thermal expansion. 

 The following dimensionless quantities have been defi ned 

for convenience

       

       

      

where   𝜔∗     is the characteristic frequency of the material and 

  c1     is the longitudinal wave velocity of the medium. 

 The following non-dimensional equations are obtained 

by using the dimensionless quantities defi ned by Eq. ( 19 ) 

in Eqs. ( 11 )–( 15 )

      

      

      

      

 (16)t33 = C91

𝜕u1

𝜕x1

+ C93

𝜕u3

𝜕x3

− g93

𝜕𝜑

𝜕x3

− 𝛽3T ,

 (17)t31 = C73

𝜕u1

𝜕x3

+ C77

𝜕u3

𝜕x1

− g71

𝜕𝜑

𝜕x1

,

 (18)m32 = D86

𝜕w2

𝜕x3

,

x1
′
=

𝜔∗x1

c1

, x3
′
=

𝜔∗x3

c1

, u′

1
=

𝜔∗

c1

u1 ,

u′

3
=

𝜔∗

c1

u3 , w′

2
=

C11

C33

w2 ,

t′
ij
=

1

C11

tij, m′

ij
=

c1

𝜔∗D24

mij, T ′
=

T

T0

,𝜑′
=

𝜔∗
∈11

c1g13

𝜑,

 (19)

D′

i
=

c1

𝜔∗g13

Di, t′ = 𝜔∗t, 𝜈′
1
= 𝜔∗𝜈1, c2

1
=

C11

𝜌
,𝜔∗2

=

C33

𝜌J
,

 (20)

𝜕2u1

𝜕x2

1

+ a1

𝜕2u1

𝜕x2

3

+ a2

𝜕2u3

𝜕x1𝜕x3

+ a3

𝜕w2

𝜕x3

+ a4

𝜕2𝜑

𝜕x1𝜕x3

− a5

𝜕T

𝜕x1

= a6

𝜕2u1

𝜕t2
,

 (21)

𝜕2u3

𝜕x2

1

+ a7

𝜕2u3

𝜕x2

3

+ a8

𝜕2u1

𝜕x1𝜕x3

+ a9

𝜕w2

𝜕x1

+ a10

𝜕2𝜑

𝜕x2

1

+ a11

𝜕2𝜑

𝜕x2

3

− a12

𝜕T

𝜕x3

= a13

𝜕2u3

𝜕t2
,

 (22)

𝜕2w2

𝜕x2

1

+ a14

𝜕2w2

𝜕x2

3

+ a15

𝜕u1

𝜕x1

+ a16

𝜕u3

𝜕x1

+ a17w2 + a18

𝜕𝜑

𝜕x1

= a19

𝜕2w2

𝜕t2
,

 (23)

𝜕2𝜑

𝜕x2

1

+ a20

𝜕2𝜑

𝜕x2

3

− a21

𝜕2u1

𝜕x1𝜕x3

− a22

𝜕2u3

𝜕x2

1

− a23

𝜕2u3

𝜕x2

3

= 0,
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 However the values of   ai     are given in the Appendix  I . 

    Propagation of plane waves 

 In order to solve Eqs. ( 20 )–( 24 ), we assume the plane wave 

solution of the form

      

and   u1, u3, w2,𝜑, T      are functions of   x3     only,   k     is the wave 

number and   𝜔     is the angular frequency. 

 Incorporating Eq. ( 25 ) in Eqs. ( 20 )–( 24 ) yield the system 

of fi ve homogeneous equations in fi ve unknowns and for 

non-trivial solution, we determined the following charac-

teristic equation

      

where   Ai     are given in the Appendix  II . 

 Solving Eq. ( 26 ), fi ve roots are determined. Corresponding 

to these roots there exists fi ve waves in descending order of 

their velocities namely quasi longitudinal displacement wave 

(quasi LD wave), quasi thermal wave (quasi T wave), quasi 

CD-I, quasi CD-II wave and electric potential wave mode (PE 

wave) which are designated as   𝜆1, 𝜆2, 𝜆3, 𝜆4, 𝜆5     respectively. 

    Refl ection and transmission 

 An interface of two homogeneous orthotropic micropolar 

piezothermoelastic media in contact with each other is con-

sidered as shown in Fig.  1 . Let a plane wave is incident at 

an interface making an angle   𝜃0     with   x3−     axis and result in 

fi ve refl ected wave modes in medium   M1     which is designated 

as   x3 > 0     and fi ve transmitted wave modes in medium   M2     

which is designated as   x3 < 0     . In medium   M1     and medium 

  M2     , refl ected and transmitted wave modes are represented by 

quasi LD wave, quasi thermal wave, quasi CD-I wave, quasi 

CD-II wave and one other mode corresponding to electric 

potential wave mode i.e. PE wave mode. All the quantities 

in medium   M2     are denoted by bar.         

 The values of displacements, microrotation, electric 

potential and temperature distribution in medium   M1     are 

obtained as

 (24)

(
𝜕2T

𝜕x2

1

+ a24

𝜕2T

𝜕x2

3

)
−

𝜕

𝜕t

(
1 + 𝜏0

𝜕

𝜕t

)(
a25

𝜕u1

𝜕x1

+ a26

𝜕u3

𝜕x1

)
−

𝜕

𝜕t

(
1 + 𝜏0

𝜕

𝜕t

)
a27

𝜕𝜑

𝜕x3

= a28

𝜕T

𝜕t
,

 (25)(u1, u3, w2,𝜑, T) = (u1, u3, w2,𝜑, T)e𝜄(𝜔t−kx1),

 (26)

(
A1

d10

dx10

3

+ A2

d8

dx8

3

+ A3

d6

dx6

3

+ A4

d4

dx4

3

+ A5

d2

dx2

3

+ A6

)
= 0,

      

and for medium   M2    :

      

In the above equations   𝜆1, 𝜆2, 𝜆3, 𝜆4, 𝜆5     are the velocities of 

refl ected quasi LD wave, quasi T wave, quasi CD-I wave 

quasi CD-II wave and PE wave mode respectively in medium 

  M1     and   𝜆1, 𝜆2, 𝜆3, 𝜆4, 𝜆5     are the velocities of transmitted 

quasi LD wave, quasi T wave, quasi CD-I, quasi CD-II wave 

and PE wave mode respectively in medium   M2.     The values 

of   mi, ni, gi, li, i = 1,2, 3,4, 5     are defi ned in Appendix  III . 

    Boundary conditions 

 The non-dimensional boundary conditions at an interface 

  x3 = 0     are defi ned as.

       

       

 Using the Eqs. ( 25 ), ( 27 ), ( 28 ), it has been observedthat 

the boundary conditions are satisfi ed if and only if:

 (27)

(
u1, u3, w2,𝜑, T

)
=

5∑
i=1

(1, mi, ni, gi, li)Bie
−𝜆ix3 ei(𝜔t−kx1)

+

10∑
j=6

(1, mj, nj, gj, lj)Bje
𝜆jx3 ei(𝜔t−kx1),

 (28)

(u1, u3, w2,𝜑, T) =

5∑
i=1

(1, m1, n1, g1, l1)B1ie
−𝜆1x3 ei(𝜔t−kx1),

t33 = t33 , t31 = t31, m32 = m32 , k3

𝜕T

𝜕x3

= k3

𝜕T

𝜕x3

, u1 = u1,

u3 = u3,

 (29)w2 = w2, T = T , E1 = E1 , D3 = D3 .

  Fig. 1       Geometry of the problem  
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and   v     is the velocity of the incident wave at an interface. 

 Making use of Eqs. ( 27 )–( 28 ) in boundary conditions 

given by Eq. ( 29 ) and using Eq. ( 30 ), a system of ten homo-

geneous equations is obtained as

       

 Here the values of   aij     are given in Appendix  IV .

   (a)      When quasi LD wave is incident:

        

     Dividing the set of equations throughout by   B1     , we 

obtain a system of ten non-homogeneous equations in 

ten unknowns which can be solved by Crammer’s rule 

and we have

          

  (b)      When quasi T wave is incident: 

       B1 = B3 = B4 = B5 = 0,     and

       

where

       

a n d    Γ
p

i
(i = 1,2, 3, ........, 10)(p = 1,2, 3, ........, 10)     

can be obtained by replacing, respectively 

the 1st, 2nd,…………, 10th columns of   Γ     by 

  [−a1p,−a2p, a3p, a4p, ........., a10p]
T    .     

    Particular cases 

    (a)      By neglecting the piezoelectric eff ect in medium   M2     , 

the amplitude ratios at an interface of orthotropic 

micropolar piezothermoelastic solid and orthotropic 

micropolar thermoelastic solid are obtained as

       

with the values of   aij     as defi ned in Appendix  V .   

 (30)
𝑠𝑖𝑛𝜃0

v
=

k

𝜔
,

 (31)

15∑
j=1

aijBj = 0 ; (i = 1, 2, .........., 10).

B2 = B3 = B4 = B5 = 0,

Zi =
Bi+5

B1

=

Γ
1

i

Γ

;i = 1, 2, 3, 4, 5, 6, 7, 8, 9, 10.

Zi =
Bi+5

B2

=

Γ
2

i

Γ

, ;i = 1,2, 3,4, 5,6, 7,8, 9,10.

Γ = ||aii+5
||10×10

,

14∑
j=1

aijBj = 0 ; (i = 1, 2, .........., 9).

  (b)      If the micropolarity eff ect in medium   M2     is neglected, 

we obtain the amplitude ratios at an interface of ortho-

tropic micropolar piezothermoelastic solid and ortho-

tropic piezothermoelastic solid as

       

with the values of   aij     as defi ned in Appendix  VI .   

  (c)      By removing upper medium   M2     and piezoelectric, 

micropolarity eff ect from medium   M1     , yield a thermoe-

lastic half-space and the results obtained are similar to 

those obtained by Sinha and Sinha ( 1974 ) by changing 

non-dimensional quantities to physical quantities.     

    Numerical results and discussion 

 To determine the amplitude ratios, the method of crammer’s 

rule has been used. We are taking physical data of cadmium 

selenide (6mm class) for medium   M1     given by

       

       

       

       

       

       

and for medium   M2     is given by

       

       

14∑
j=1

aijBj = 0 ; (i = 1, 2, .........., 9).

C11 = 7.46 × 10
10Nm−2

, C19 = 3.9 × 10
10Nm−2

,

C33 = 1.37 × 10
9Nm−2

,

C99 = 8.39 × 10
9Nm−2

, C91 = 0.399 × 10
9Nm−2

,

C77 = 0.0138 × 10
9Nm−2

,

C37 = 0.134 × 10
9Nm−2

, C73 = 1.32 × 10
9Nm−2

,

g13 = −0.142 × 10
−3cm−2

,

g71 = −0.165 × 10−3cm−2, g93 = 0.351 × 10−3cm−2,

g31 = −0.139 × 10−3cm−2, 𝜀11 = 8.29 ×
10−11Nm−2

K
,

𝜀33 = 9.07 ×
10−11Nm−2

K
, 𝜆3 = 7.6 ×

10−6cm−2

K
,

𝜈1 = 0.8s, k1 = 9.5Wm−1K−1, k2 = 9.7Wm−1K−1,

𝛽1 = 0.670 × 105C2N−1m−2,

𝛽3 = 0.581 × 10
5C2N−1m−2

, 𝜈 = 0.268, T0 = 298K, 𝜌 = 5504Kgm−3
,

c∗ =2.64 × 10
2NmKg−1K−1

, J = 0.02 × 10
−11m−2

,

D24 = 0.134N, D86 = 0.243N,

C11 = 0.141 × 10
9Nm−2

, C19 = 0.786 × 10
9Nm−2

,

C33 = 26.1 × 10
9Nm−2

,

C99 = 1.81 × 10
9Nm−2

, C91 = 75.8 × 10
9Nm−2

, C77 = 26.9 × 10
9Nm−2

,
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 Figures  2 – 21  shows the variations of amplitude ratios 

with angle of incidence for incidence of plane waves at 

an interface. In fi gs.   2 – 21  MPT corresponds to ampli-

tude ratios in orthotropic micropolar piezothermoelastic 

solid, WPE corresponds to amplitude ratios in orthotropic 

micropolar thermoelastic solid, WMP corresponds to 

amplitude ratios in orthotropic piezothermoelastic solid.         

C37 = 26.6 × 10
9Nm−2

, C73 = 26.3 × 10
9Nm−2

,

g13 = 0.013 × 10
−3cm−2

,

lg71 = −0.061 × 10
−3cm−2

, g93 = 0.00157 × 10
−3cm−2

,

g31 = 1.28 × 10
−3cm−2

,

𝜀11 = 0.530 ×
10−11Nm−2

K
, 𝜀33 = 0.708 ×

10−11Nm−2

K
,

𝜆3 = 8.2 ×
10−6cm−2

K
,

𝜈1 = 0.7s, k1 = 1.1Wm−1K−1
, k2 = 1.1Wm−1K−1

,

𝛽1 = 0.526 × 10
5C2N−1m−2

,

𝛽3 = 0.355 × 10
5C2N−1m−2

, 𝜈 = 0.268, T0 = 330K, 𝜌 = 7500Kgm−3
,

c∗ = 350NmKg−1K−1
, J = 2.0 × 10

−11m−2
,

D24 = 0.119N, D86 = 0.127N,

   Quasi LD wave incidence 

 Figures  2 – 11  represent the variations of amplitude ratios 

  ||Z1
||;1 ≤ i ≤ 10     with respect to angle of incidence   𝜃0     for inci-

dence of QL-wave. 

 Figure  2  depicts that the amplitude ratio   ||Z1
||     for MPT, 

WPE and WMP increase in the whole range and the removal 

of micropolarity eff ect results in higher magnitude as com-

parison to the case of removal of piezoelectric eff ect. Fig-

ure  3  shows that the amplitude ratio   ||Z2
||     for MPT and WPE 

increases monotonically, while the values for WMP start 

with maximum value at normal incidence and then decrease 

upto grazing incidence. The values of amplitude ratios for 

WMP are much higher than the values for MPT in the range 

  00 ≤ 𝜃0 < 190     and in the further range the values for MPT 

are more due to presence of micropolarity eff ect in this 

range.         

 It is noticed from Fig.  4  that the variations of amplitude 

ratio   ||Z3
||     for respect to MPT and WPE attain minimum value 

at the normal incidence and then increase to attain maximum 

value at the grazing incidence, while the values for WMP 

show opposite behaviour. It is notedthat the amplitude ratio 

for MPT are more than that for WPE and WMP in the entire 

range. This shows that for   ||Z3
||     the presence of piezoelectric 

and micropolarity factors dominates. Figure  5  shows the 

variation of amplitude ratio   ||Z4
||     with angle of incidence. 

The amplitude ratio for MPT, WPE and WMP increases with 

increase in angle of incidence. The removal of piezoelectric 

eff ect increases the magnitude of amplitude ratio in the range 

  00 ≤ 𝜃0 < 320     and with further increase in angle of incidence 

the magnitude glides down. This is due to the reason that 
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||     with respect to angle of inci-

dence   𝜃0      
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piezoelectric eff ect becomes more prominent with increase 

in angle of incidence.                 

 Figure  6  depicts that the amplitude ratio   ||Z5
||     for WMP 

are smaller than the magnitude for MPT in the whole range 

that reveals the eff ect of micropolarity. It is seen from 

Fig.  7  that the amplitude ratio   ||Z6
||     for MPT decreases in 

the range   00 ≤ 𝜃0 < 340     and then increase in the further 

range. The magnitude for WPE increase and the magnitude 

for WMP decrease in the whole range. In this case, the 

removal of micropolarity eff ect increases the magnitude 

of amplitude ratio.                 

 Figure  8  shows that the amplitude ratio   ||Z7
||     for MPT, 

WPE and WMP increase as angle of incidence increases. 

The magnitude for MPT is greater than the magnitude for 

WPE and WMP in the whole range. Figure  9  reveals that 

the amplitude ratio   ||Z8
||     for WMP is very small in compari-

son to the magnitude for MPT and WPE. It shows that the 

removal of micropolarity eff ect decreases the magnitude 

of amplitude ratio.                 
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 It is seen from Fig.  10  that the amplitude ratio   ||Z9
||     for 

MPT increases from normal incidence to grazing incidence, 

while the values for WPE decrease in the whole range. 

Moreover, the amplitude ratios in the absence of piezoelec-

tric eff ect are more than the values in the presence of piezo-

electric eff ect. This shows that piezoelectric eff ect lowers 

down the amplitude ratios of transmitted CD-II wave. It is 

depicted from Fig.  11  that the amplitude ratio   ||Z10
||     for MPT 

is much higher than the values for WMP that shows the pie-

zoelectric eff ect for transmitted CD-III wave.                 

    Quasi T wave incidence 

 Figures  12 – 21  represent the variations of amplitude ratios 

  ||Z1
||;1 ≤ i ≤ 10     with respect to angle of incidence   𝜃0     for inci-

dence of QT-wave.         

 Figure  12  depicts that the amplitude ratio   ||Z1
||     for MPT 

increases with increase in angle of incidence, while the 

magnitude for WPE decreases in the whole range. The 

amplitude ratio for MPT increases in the range   00 ≤ 𝜃0 < 50     
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  Fig. 10       Variation of amplitude ratio   ||Z9
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  Fig. 11       Variation of amplitude ratio   ||Z10
||     with respect to angle of 

incidence   𝜃0      
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and then decreases in the further range. It is seen that the 

magnitude of   ||Z1
||     in the absence of micropolarity eff ect is 

smaller than that in the presence of micropolarity eff ect. 

 Figure  13  shows the variation of amplitude ratio   ||Z2
||     

with angle of incidence. The amplitude ratio for MPT 

decreases, while for WPE and WMP increase with angle 

of incidence. The removal of piezoelectric eff ect slightly 

decreases the magnitude of amplitude ratio, while the 

removal of micropolarity eff ect increases the magnitude 

of amplitude ratio in the range   00 ≤ 𝜃0 < 520     . Further, as 

angle of incidence increases, the magnitude of amplitude 

ratio in the absence of piezoelectric eff ect becomes more.         

 Figure  14  depicts that the amplitude ratio   ||Z3
||     for MPT 

decrease but when piezoelectric or micropolarity eff ect is 

removed the amplitude ratio increase with angle of inci-

dence. It is noticed from Fig.  15  that the amplitude ratio 

  ||Z4
||     for MPT is greater than the values for WPE and WMP. 
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  Fig. 14       Variation of amplitude ratio   ||Z3
||     with respect to angle of inci-
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It shows that the micropolarity and piezoelectric eff ect is 

responsible for higher amplitude ratio of refl ected quasi 

CD-II wave.                 

 Figure  16  illustrates that the amplitude ratio   ||Z5
||     for MPT 

increases in the interval   00 ≤ 𝜃0 < 160     , but as angle of inci-

dence increases further, the amplitude ratio decreases. The 

magnitude of amplitude ratio of refl ected PE-wave lowers 

down as the micropolarity eff ect is removed. Figure   17  

demonstrates that the magnitude of amplitude ratio   ||Z6
||     for 

MPT and WMP is oscillatory in nature, while the magnitude 

for WPE increases monotonically in the whole range with 

very small magnitude. The removal of micropolarity eff ect 

increases the magnitude of amplitude ratio   ||Z6
||    .                 

 It is noticed from Fig.  18  that magnitude of amplitude 

ratio   ||Z7
||     of transmitted quasi T-wave for MPT decrease in 

the initial range and then increase with further increase in 

angle of incidence, while the values for WPE increase in 

the whole range. Moreover, the values for WMP decrease in 

the range   00 ≤ 𝜃0 < 310     and increasein the remaining range. 

The magnitude of amplitude ratio for MPT is greater than 

the magnitude for WMP and WPE in the whole range. In 

Fig.  19 , it is observed that the magnitude of amplitude ratio 

  ||Z8
||     for MPT attain maximum value near the grazing inci-

dence. The magnitude of amplitude ratio in the absence of 

micropolarity eff ect is very small.                 

 Figure  20  depicts that the magnitude of   ||Z9
||     for MPT and 

WPE start with maximum value at normal incidence and 

decrease gradually to attain minimum value at grazing inci-

dence. The magnitude for WPE is greater than the magni-

tude for MPT. Figure  21  reveals that the amplitude ratio   ||Z10
||     

for MPT increase in the initial range and then glides with   𝜃0     . 

The micropolarity eff ect is responsible for higher magnitude 

of amplitude ratio in the entire range.                 

     Conclusion 

 The work presented provides a self –checking mathematical 

model to explain the behaviour of distinct amplitude ratios of 

diff erent waves. Piezoelectric and micropolarity eff ects have 

been observed on the refl ection and transmission coeffi  cients 

of various plane waves. The amplitude ratios of refl ected 
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PE wave and transmitted quasi T wave, quasi CD-I in the 

presence of micropolarity eff ect are greater that reveals the 

eff ect of micropolarity. On incidence of quasi T wave, the 

piezoelectric eff ect decreases the magnitude of amplitude 

ratio of refl ected quasi T wave and quasi CD-I wave modes. 

The observations in numerical part may provide new direc-

tions to the propagation studies in realistic media. The better 

understanding of piezothermomechanical behaviour of the 

composite materials may be a big help in the non-destructive 

testing/evaluation of important structure. The investigation 

of piezo and micropolarity impacts on orthotropic thermoe-

lastic plays an important role in understanding many seis-

mological and exploration process. 
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