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Abstract: A problem of reflection at a free surface of micropolar orthotropic piezothermoelastic medium is discussed in
the present paper. It is found that there exist five type plane waves in micropolar orthotropic piezothermoelastic medium,
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 (PE wave). The amplitude ratios corresponding to reflected waves are obtained numerically.
The effect of angle of incidence and thermopiezoelectric interactions on the reflected waves are studied for a specific model.

Some particular cases of interest are also discussed.
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I. INTRODUCTION

The micropolar elasticity theory which takes into consid-
eration the granular character of the medium, describes defor-
mation by a microrotation and a microdisplacement. Eringen
first showed that the classical elasticity theory [1] and the
coupled stress theory [2] are two special cases of micropolar
elasticity. The linear theory of micropolar thermoelasticity
was developed by extending the theory of micropolar continua
to include thermal effects by Nowacki [3] and Eringen [4]. A
comprehensive review on the micropolar theromoelasticity is
given by Eringen [5].

In most of the engineering problems, including the re-
sponse of soils, geological materials and composites, some
significant features of the continuum response may not be
taken into account by the assumptions of isotropic behavior.
The formulation and solution of anisotropic problems is far
more difficult and cumbersome than their isotropic counter-
parts. The number of researchers have paid attention to the
elastodynamic response of an anisotropic continuum over

the last few years. In particular, transversely isotropic and
orthotropic materials, which may not be distinguished from
each other in plane strain and plane stress cases, have been
more regularly studied.

The static problems of plane micropolar strain of a ho-
mogeneous and orthotropic elastic solid, torsion problems of
homogeneous and orthotropic cylinders in the linear theory
of micropolar elasticity and bending of orthotropic micropo-
lar elastic beams by terminals couple were studied by Iesan
[6,7,8]. The finite element method for orthotropic micropo-
lar elasticity was developed by Nakamura et al. [9]. Kumar
& Choudhary [10-14] have studied various problems in or-
thotropic micropolar continua.

Piezoelectric ceramics and composites find applications
in many engineering applications e.g. sensors, actuators, intel-
ligent structures, rocket propelled grenades, ultrasonic imag-
ing, when thermal effects are not considered. Piezoelectric
ceramics and piezoelectric polymers are pyroelectric media,
which are used in small structures and intelligent systems.
The thermo-piezoelectric material response entails an interac-
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tion of three major fields, namely, mechanical, thermal and
electric in the macro-physical world.

The thermopiezoelectric material has one important ap-
plication to detect the responses of a structure by measure-
ment of the electric charge, sensing, or to reduce excessive
responses by applying additional electric forces or thermal
forces, actuating. An intelligent structure can be designed by
integrating sensing and actuating. The thermopiezoelectric
materials are also often used as resonators whose frequencies
need to be precisely controlled. It is important to quantify
the effect of heat dissipation on the propagation of wave at
low and high frequencies, due to the coupling between the
thermoelastic and pyroelectric effects.

The theory of thermo-piezoelectricity was first devel-
oped by Mindlin [15]. The physical laws for the thermo-
piezoelectric materials have been explored by Nowacki [16—
18]. Chandrasekharaiah [19-20] has generalized Mindlin’s
theory of thermo-piezoelectricity to account for the finite
speed of propagation of thermal disturbances. Chen [21] de-
rived the general solution for transversely isotropic piezother-
moelastic media. Hou et al. [22] constructed Green’s function
for a point heat source on the surface of a semi-infinite trans-
versely isotropic pyroelectric media.

Abd-Alla et al. [23-24] investigated reflection and refrac-
tion of plane quasi longitudinal waves at an interface of two
piezoelectric media under initial stresses. Pang et al. [25]
discussed the reflection and refraction of plane waves at the
interface between two transversely isotropic piezoelectric and
piezomagnetic media. The problems of reflection in piezo-
electric media has been studied by such notable researchers
as Sharma et al. [26], Kuang and Yuan [27], Abdalla et al.
[28], Alshaikh [29-30].

Meerschaert and McGough[31] studied attenuated frac-
tional wave equations with anisotropy. Sur and Kanoria [32]
investigated fractional heat conduction with finite wave speed
in a thermoviscoelastic spherical shell. Abo-Dahab [33] anal-
ysed the magnetic effect on three plane waves propagation at
an interface between solid-liquid media placed under initial
stress in the context of the GL model. Abd-Alla and Abo-
Dahab [34] studied the effect of initial stress, rotation and
gravity on propagation of surface waves in fibre-reinforced
anisotropic solid elastic media.

Vashishth and Sukhija [35] studied reflection and trans-
mission of plane waves from a fluid-piezothermoelastic solid
interface. Kumar and Kumar [36] studied the elastodynamic
response of thermal laser pulse in a micropolar thermoelastic
diffusion medium. Mahmoud [37] presented an analytical
solution for the effect of initial stress, rotation, magnetic
field and periodic loading in a thermoviscoelastic medium
with a spherical cavity. Ezzat, EI-Karamany and EI-Bary
[38] discussed a problem of generalized thermoelasticity with
memory dependent derivatives involving two temperatures

In the present paper, the reflection of plane waves at a free
surface of orthotropic micropolar piezothermoelastic medium

is studied. A plane quasi wave is incident at a free surface and
the amplitude ratios of various reflected waves are depicted.
Their variations are shown with angle of incidence.

II. BASIC EQUATIONS

contact surface x;=0 0 )
x-axis
orthotropic micropolar
piczothermoelastichalf- qLDW
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Fig. 1. Geometry of the problem

The basic equations of homogeneous orthotropic microp-
olar piezothermoelastic solid in the absence of body forces,
body couples, electric charge density and heat sources are
given by
(a) Constitutive relations

tp = Cijrier + Aijriwr — gijeEr — BT, (D)

Mj; = Dijriwp + Aijrign — eijeEr, ()
D; = €;jEj + gijrejn — Bij T, 3)
@i = —Tob; T +ksje;, (4)
The deformation and wryness tensor are defined as following:
€ij = Ujj + €KWk, Wij = W; j, (®)]
(b) Balance laws
Ttk = P UL, (6)
Mk + €mntmn = pJ Wy, @)
D;; =0, (3)
i =—T0 S, ©9)

where tx;, my; are the stress tensor, couple stress tensor; D;
is the electric displacement vector, E; is the electric field
vector, ¢; is the heat flux vector; S is the entropy;T is the
thermodynamic temperature; T is the absolute temperature;
c* is the specific heat at constant strain; p is the bulk mass
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density; J is the microinertia; u; and wy, are the components
of displacement vector and microrotation vector, respectively;
€;; are the components of micro-strain tensor, ¢;;; is the
permutation tensor,; is the thermal elastic coupling ten-
sor; Cijri, Gijri, Dijia are the characteristic constants of
material; g;;1, is the electro-elastic coupling moduli where
Cijkts Dijris giji satisfies the symmetric relations

Cijki = Criiz, D (10)

ijkl = Driijs Gijk = Grij-

In a centrosymmetric bodies, all components of A;;x; vanish.

III. FORMULATION OF THE PROBLEM

By using the transformations, following Slaughter [39]
on the set of equations (1) to (9), the equations for micropolar
orthotropic piezothermoelastic medium are derived.

We consider a homogeneous centrosymmetric, or-
thotropic micropolar piezothermoelastic medium initially in
an undeformed state and at uniform temperature 7j, namely
medium M. The origin of the coordinate system is taken on
the plane interface and x3— axis pointing vertically into the
medium M, is taken which is designated as z3 > 0. Plane
waves are considered such that all the particles on a line par-
allel to zo— axis are equally displaced, so that all the partial
derivatives with respect to the variable x5 are zero.

Letu = (u1, 0, ug), @ = (0, wa, 0),E = (Ey, 0, E3),
E; = =22 ¢ is the electric potential and ‘92 = 0, so that
the ﬁeld equatlons and constitutive relations reduce to the
following:

(Crr - 073)2% n glgaffgm (a1
2 2
+g”% —h a?c - paa;;l’
+(C37 — 033)(2 2+ s gi? (12)
+ggsgi§ - ﬂ?’a%; = P%,
Doy 8;%2 + Dgﬁagg; + (Crg — 033)295
+(Cr7 — 037)% + (Cr3 — C33 — 2C37)wy (13)
+(g31 — g?l)gj =p 6;:2}2,

0% 9%¢ 9%uq
—611@ - 633871% + (971 + g13)m
(14)
+ 82@63 + 82u3 -0
9317 5 895 993 75 02 <2 =0,
0T 02T 0 0
b5 +k38$3 Ty (1+ o )(ﬁl + B3 u?’)
26 *8T
Toat( +T08t)()\38 AL e
(15)
Oouq Ous 0
33 = C'915, 0938 ~ 937~ (b —ﬁ3 \ (16)
3
Oouq Ous ¢
— 1
t31 = Cr3~— e 077a 9115 0z, (17
0
m3p = D8678 , (18)
3
where 81 = Cr1101+Crgas, B3 = Cora1+Cygaz,aq, oz

are the coefficients of linear thermal expansion. We have used
the notations 11 — 1, 12 — 2, 13 — 3, 21 — 4, 22 —
5, 23 =+ 6, 31 — 7, 32 — 8, 33 — 9 for the material
constants.

The following dimensionless quantities are introduced

’ w*xy
Ty = 1 )
’ w*acg
T3 = o s
’ UJ*
Uy = Z'Lbl,
’ UJ*
Ug = Z'LLE;,
w/ = 7011 w
= 2
2 033 )
t, Ly
= —t;
1] Cll D)
R (19)
m;; = — Mg,
w D24
T T
Ty’
’ w*eu
C1913
’ C1
D, =— ,
w"g13
! !
t =w't, T =w'T,
2 Cll
1 D )
w2 _ Css
pJ’

where w* is the characteristic frequency of the material and
cq is the longitudinal wave velocity of the medium.
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a1 =

as =

aq =

a5 =

ag =

ag =

aip =

Q12 =

a15 =

a16 =

arr =

a8 =

_ 9

Crs  Ciw+Crr
Cn’ °  Cn
(Cr7 — Cr3)C33
(Cu)* 7
(913 + g71)913
Crien

Cs7 7
(C37 — C33)C33

C37C1y ’
931913 993913
Csrer’ ~ Casrenn’
B3To G — pci _
0377 13—077 a14 =
(Cr3 — C'33)01101
(C33D24)
)
Jw*

Dgg
Dy’

o2 (25)

C 101

)

(Cr7 — Car
(C33D24
(Cr7 — C33 — 2C37)c3
D24w*2
(931 — g71)C11913¢7
C33Dage11w*?

)

2
_pJcy €33

- @20 = —
b )
Doy €11

_gn+g13
- Y

g13

* 2
pc G

w*k1

IV. PLANE WAVE PROPAGATION

Let us assume the plane wave solution of the form

(ula us, wa, ¢7 T) =

(ur, W3, W2, &, T)e @t =k (26)

where @7, U3, W3, ¢, T are functions of x3 only, k is the
wave number andw is the angular frequency.

Using equation (26) in equations (20)-(24), a system of

By using the dimensionless quantities in equations (11)-  where
(15), we obtain the following equations
82U1+a 2 1+a 82u3 +a%
2 " 022 T P 0w 0wy | Ous 20)
I T
43$18’l‘3 58951 e 6t2 ’
(92’113 +a 8 +a 82’11,1 +a (9’(1)2
9z2 T 022 T ¥ 0w0ws ) O o
+a 82 +a @_a iT—a %
10 8172 11 6$§ 12 6$3 — d13 12 3
82w2+a 62w2+a Juy ‘a Oug +
922 14 022 1555, 1655, 17W2 o
+a % =a 7821”2 "
85, — M9 52
az
a22
Q24
T
0?2 20 Oz 921023
: : (23)
a 0 us 0 us
22 022 23783@% )
(82T +a 82T> 0 <CL 8u1 +a 3u3>
) 2455 | — 5 | G255 267
0z3 Oz ot Oxq 0z1 24)

0 (, 99
ot a2 o

0
3) = aggaT

five homogeneous equations is obtained in terms of w and
k in five unknowns uy, U3, wsz, ¢, T, which for non-trivial
solution , using Cramer’s rule yield
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410 8 d° d*
At A st Aot Ay
( Yaafp T T T ] @n
2 [R—
tAsga + Aa) (w1, u3, w3, 6,T) = 0,
3

where

A1 = a1a7a14020024

Ay = a24(h1a1a7 + haaiaa20 + haago — h6023)

%
+higaiaair + araraisaz0017 + higaia,

Az = b17(h1arar + haaysasg + haasg — azshe)
+ag4(—d10k*arar + 8166a14a20 + hiho + asohs — hak®
+hed13 — aszhy + hg) + azohia — aszhiy + arshar
+010(a11h1g + arhas) + a14h190s 4 arraishag
+araishos + 01007y,

Ay = 817(—610k*arar + 8106a1aa20 + hiha + asohs
—k?hg + 013he — azshr + hg) + aza(hio — azshs — hsk?
+h7613 + asohs — had1ok® + h16186) + h11013 + hos
—h1ak? + azohis — asshiz + 610(azhas + Sehaz + hir
+a11h2o + h19dg)deaiahas
+a14(hig + ar1ho1 + d6haz + dghao),

As = 817(—=610k*ha + 0166h1 + asohs
—k?hs + 13h7 — azshs + hig)
+as(—hsk® + hgdr3 — 6106010k%) + h12613 + hog
—h1sk? + azohis — azshis + 610(a11har + dshog + his)
+a146gha1 + 06610h23 + haa(dea14 + d10a7),

Ag = 617(—hsk? + hgd13 — 0106010k?)
+hi13613 — higk? + 610(0gha1 + S6has)

hy = d10a20 — k2a14,

ha = a1d6 + azé1 — 6205,

hs = (a167 — azds)aietk + (8207 — azde)ais,
hy = —agarass,

hs = 6107a16tk,

he = 03015014 + asai1a15 + a1a11,

h7 = §7611(a1 + 61) + 93(05010 — d7a15 — d11a3)
+ azays0g + ai101 + aids,
hs = 6107611 + 0198,
hg = (61107 + ar1ai6tk)dizas,
hip = 611012(—0207 + asds) + a16012(aztkds — Lo37k),
hi1 = —aza1509016,
hia = d9011014a3 + 6467016015,
his = —0110140407,
his = azai509015,
his5 = azai609014tk — 0407015015,
hie = —0407014a16Lk,
hi7 = —01d9(a23d16 + 15a20) — 0209 (814020 — 612016)
+ 0309 (012015 + 014a23) + 0405(az0015 + d16a23),
his = 09(01013016 + 01015k> — 83013614 + G2014K7)
— 0405(015k% + b13016),
hig9 = 62012024,
hao = 02012017 — 04(012015 + 014a23),
ho1 = 04013014,
haa = —03612024,
has = —63612017 + 04(612016 — d14026),
has = 64014k,

hig = —69ai(az3016 + a20015),

51 = agw? — k2, 0o = —aotk, 03 = —aqtk,

04 = astk(l 4+ ww), 5 = —agek,

06 = aisw? — k%, 67 = —agik,

§s = —ask®, g =—arz, 010 = arw’ + a1y — k*,
011 = aigtk, 012 = agitk, 0 = agw® — k2,

0o = —agtk, 03 = —aqtk, 4 = asek(l+ ww),

05 = —agtk, 0g = aisw? — k%, 67 = —agtk,

0y = —agk®, 09 =—a12, 610 = arw’® + arr — k?,
011 = aigtk, O12 = a1k, 013 = a22k2,

014 = —agskw, 15 = —agew, 16 = —azriw,

817 = —aog (1w — w?r) — k2.

Equation (27) is now in terms of w and k . The roots
of the equation (27) gives the velocities of five plane waves
in the decreasing order of the velocities, i.e quasi longitudi-
nal displacement wave (quasi LD wave), quasi thermal wave
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(quasi T wave), quasi CD-I, quasi CD-II wave and electric
potential wave (PE wave).

V. REFLECTION AND TRANSMISSION

A homogeneous orthotropic micropolar piezothermoelas-
tic half-space is considered. A plane wave making an angle
0y with x3— axis becomes incident at the free surface. This
wave results in five reflected wave modes in medium M.
In medium M, reflected wave modes are represented by the
quasi LD wave, quasi thermal wave, quasi CD-I (transverse)
wave, quasi CD-II (micropolar) wave and one other mode
corresponding to electric potential wave mode i.e. PE wave
mode.

The formal solution for the mechanical displacements,
microrotation, electric potential and temperature distribution
in medium M, are

Ul(zg) = (B0167)\113 + Ble)\lls + 30267)\2153 + BQ@AZIS

— Az A —Aax:
U}2(Z‘3) = (n1301e 123 + nlBle 13 + n28026 273
—|—7’L2B26)\2m3 + n330367>\3x3 + ﬂ3B36)\3z3 + ’I14B()467)\4m3

+n4B4€)\4£3 +n5BOSe—)\51‘3 _"_nSBSeAE,xg)ei(wt—kxl)’
(30)

¢(x3) = (g1Bore™ " + g1 B1e*™* + go Boge 272
+92B2e*™* + g3 Boge 37 + g3 B3e*™? 4 g4 Boge M7

+94B4eMT 4 g5 Byse %3 4 gy Bseto®s)elwi—key)
(€29)

T(x3) = (hBore™ ™ + 11 B1e™™ + Iy Byge™ 2%
+l2326>\2$3 + 1330367)\3:”3 + 13336A3$3 + l4Bo4€7>\4I3

+Z4B46)\4m3 + l5Bo5€_>\513 + Z5B5€)\5I3 )ei(wt—krl),

(32)
where A1, Ao, A3, A4, As are the velocities of reflected
quasi LD wave, quasi T wave, quasi CD-I wave quasi CD-II
wave and PE wave mode respectively in medium M7 and

+B()367/\3I3 + Bge)\‘q'wg’ + Bo467)‘413 + B4€/\4I3 m; = ﬁ n; = &
+Bose % Bse)‘sms)ei(“t_kml), AA AA 33
A A
us(x3) = (m1Bore "3 + my B1eM™® 4+ my Byge "3 i=1,2,3,4,5
—l—mnge)‘Q“ + m3Bo3€_)\3x3 + m3B3€)\3m3
+m4Bo467)\4r3 + m4B4e)‘4I3 + m5Bo5ef)‘5$3
+m5B56)\5I3)ei(wt—k}$1)7
(29)
617/\12 + 56 57 0411/\12 + 58 59)\1
A= —aigtk a14)\f + d10 011 0
B —agg)\? + 013 0 GQQ)\? — k2 0
015 0 d16\i agy\? + 617
Y o7 a1 A7 + ds do X
Ar — aisAi  a1aA\? + d1p o 0
1= 512/\1‘ 0 a20>\z2 — kQ 0
014 0 d16Ai aga\? + 617
O5\; 6117)\22 + dg an)\? + dg o N\;
Ao — CL15)\7; 7@16”{3 511 0
2= 512/\1' —0,23)\12 + 513 (120)\12 - kQ 0
014 015\ 016\ agy\? + 617
05\ CL7>\Z2 + g o7 g\
An — CL15)\Z' —algbk (7,14)\12 + 51() 0
37 SN —aos)\? + 613 0 0
014 015 0 aza\? + 017
(55)\1‘ 61,7)\12 + 66 57 (111)\12 + 68
A, — a1s\; —aipLk a1a\? + 910 011
Y SN —aasA? 4013 0 asoA? — k?
014 d15; 0 016
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Fig. 2. Variations of amplitude ratio Z; with angle of incidence
(QL- wave)

Fig. 3. Variations of amplitude ratio Z» with angle of incidence
(QL- wave)

L
T
22
ST
P
LRI
B s
s
G
e

1.6

1.2

0.8

amplitude rat0

0.4

Fig. 4. Variations of amplitude ratio Z3 with angle of incidence
(QL -wave)

Fig. 5. Variations of amplitude ratio Z4 with angle of incidence
(QL -wave)
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Fig. 6. Variations of amplitude ratio Zs with angle of incidence
(QL- wave)

Fig. 7. Variations of amplitude ratio Z; with angle of incidence
(QT-wave)
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Fig. 8. Variations of amplitude ratio Z2 with angle of incidence
(QT-wave)

Fig. 9. Variations of amplitude ratio Z3 with angle of incidence
(QT- wave)
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VI. BOUNDARY CONDITIONS

The appropriate boundary conditions at an interface
x3 = 0 are given by

oT

0, —

81‘3

Using the equations (28)-(32), we find that the boundary
conditions are satisfied if and only if:

sin 90 k

v w

t33 =0, t31 =0, mzx = =0, D3=0. (34)

where v is the velocity of the incident wave at an interface.

Making use of equations (28) to (32) in equation (34) and
using equation (35), we obtain a system of five homogeneous
equations as:

10
Y aiB;i=0; (i=1,2,34,5), (36
Jj=1
where
a1; = —ditk — doXym; + dg/\igi — dyl;,
ai; = —dytk + do;m; — dg)\igi — d4li,

agz; = —a1 N + (degi — dsmi)ik, azj =
:al)\i + (d6g1 — d5m,;)Lk,

Fig. 11. Variations of amplitude ratio Zs with angle of
incidence(QT- wave)test

az; = —dr\ing, az; = dr\ing, as; = —Nils, asy = Ail;,

as; = doAig; — tkdyg + diiAimy. 37

(a) When quasi LD wave is incident:

By = Bs = By = Bs = 0.

Dividing the set of equations throughout by B;, we obtain a
system of ten non-homogeneous equations in ten unknowns
which can be solved by Crammer’s rule and we have

B; T}

Z; -

== :i=1,2234,5.
B1 F,Z 773775

(b) When quasi T wave is incident: By = B3 = By =
Bs =0 and

p1=1,2,3,4,5,

where

r= |a’ii+5|5><5 )

and TP(i = 1,2,3,4,5)(p = 1,2, 3, 4, 5) can be ob-
tained by replacing, respectively the 1°t, 2", ..., 5" columns
of I' by [_a1p7 —Q2p, A3p, @4p,a5p}T
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VII. PARTICULAR CASES

(a) If we neglect the piezoelectric effect in medium;, we
obtain amplitude ratios at the free surface of orthotropic
piezothermoelastic solid with changed values of a;; as

ay1; = —dlL]{J — dg)\lml + d3/\igi — d4li7

alj = 7d1Lk’ + dg)\ﬂ’rh — d3)\7g1 — d4li,

Qo = —al)\i + (dﬁgz - d5mi)Lkﬂ
agj = aiA; + (dGQi - dSmi)Lk’
as; = —d7)\ini, Cng = d'?)\ini?

a4; = —Nily, asy = N,

VIII. NUMERICAL RESULTS AND DISCUSSION

The physical data for medium M is given by

C1y = 7.46 x 10'° Nm~2,
Cio = 3.9 x 10'° Nm~2,

Cs3 = 1.37 x 10° Nm~2,

Cog = 8.39 x 10° Nm~2,

Co; = 0.399 x 10° Nm~2,
C77 = 0.0138 x 10° Nm_2,
Cs7 = 0.134 x 10° Nm~2,
C75 = 1.32 x 10 Nm 2,

g1z = —0.142 x 1073 cm ™2,
g71 = —0.165 x 1073 cm™2,
goz = 0.351 x 1073 cm 2,
g31 = —0.139 x 1073 cm~2,
€11 =829 x 107" Nm—?/K,
e33 = 9.07 x 1011 Nm_Q/K,
A3 =7.6x10"%cm2/K,
T=0.8s,

k1 =9.5Wm 'K,

ky =9.7Wm 'K,

By = 0.670 x 10°C?N~"'m~2,
B3 = 0.581 x 10°C32N"'m~2,
v =0.268,

To = 298 K,

p=5504kgm >,

¢* =2.64 x 102 Nmkg 'sK™!,
J=0.02x 10" m2,

Doy =0.134 N,

Dgg = 0.243 N.

Fig. 2—-11 shows the variations of amplitude ratios with
the angle of incidence for incidence of plane waves at an
interface. In Figs. 2-11 MPT corresponds to amplitude ratios
in the orthotropic micropolar piezothermoelastic solid, WPE
corresponds to amplitude ratios in the orthotropic micropolar
thermoelastic solid.

VIII. 1. Incidence of quasi ld wave (gl-wave)

Figs. 2—-6 represent the variations of amplitude ratios ; Z; <
1 < 5 with the angle of incidencef, for incidence of QL-wave.
Fig. 2 shows that the values of amplitude ratio |Z; | for MPT
and WPE decrease with increase in the angle of incidence
and the values of amplitude ratio for WPE are more than
the values for MPT in the whole range. Fig. 3 shows that
the values of amplitude ratio | Zs| for MPT increase in the
whole range, except in the initial range where it decreases and
remains more than the values for WPE in the whole range.
From Fig. 4 it is seen that the values of amplitude ratio | Zs|
for MPT decrease in the range 0° < 6y < 46° and then in-
crease with the angle of incidence, while the values for WPE
decrease in the whole range. The values of the amplitude
ratio for MPT are more than the values for WPE in the whole
range. Fig. 5 shows that the values of amplitude ratio | Z4| for
WPE are greater than the values for MPT in the whole range.
Fig. 7 shows that the values of amplitude ratio |Z5| for MPT
increase as 6 increases.

VIIL 2. Incidence of quasi t wave (qt-wave)

Figs. 7-11 represent the variations of amplitude ratios
|Zi|; 1 <4 < 5 with the angle of incidence 6, for incidence
of QT-wave. Fig.7 depicts that the values of amplitude ratio
| Z1| for MPT decrease with the angle of incidence, while the
values for WPE increase from normal incidence to grazing
incidence. The values for MPT remain more than the value
for WPE in the whole range. Fig.8 shows the variation of
amplitude ratio | Z2| with the angle of incidence. The values
of amplitude ratio for MPT and WPE increase with the angle
of incidence. The values of the amplitude ratio for MPT are
more than the values for WPE. Fig.9 shows that the values
of amplitude ratio | Z3| for MPT decrease in the initial range
and then increase and the values for WPE get increased with
the angle of incidence. The amplitude ratio increases in the
absence of the piezoelectric effect. It is seen from Fig. 10
that the amplitude ratio| Z,| for MPT decrease and WPE get
increased in the whole range. The values of amplitude ratio in
the absence of the piezoelectric effect are greater than the val-
ues in the presence of the piezoelectric effect. Fig. 11 shows
that the values of amplitude ratio | Z5| for MPT increase in
the whole range.

IX. CONCLUSION

The reflection coefficients of various plane quasi waves
on incidence of quasi LD wave and quasi T wave at a free
surface of orthotropic micropolar piezothermoelastic medium
for L-S theory are obtained. It is noticed that when quasi LD
wave is incident, the values of amplitude ratios of reflected
quasi T, quasi CD-I (Transverse) in the absence of the piezo-
electric effect are smaller that reveals the piezoelectric effect.
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It is seen that when the quasi T wave is incident, the piezo-
electric effect decreases the magnitude of amplitude ratio of
the reflected quasi CD-I (transverse) wave and quasi CD-II
(micropolar) wave modes.
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