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Plane wave reflection in micropolar transversely
1sotropic thermo-visco-elastic half space under GN
type-II and type-III

Rajani Rani Gupta, Raj Rani Gupta

Abstract— Present article deals with the reflection of
wave’s incident at the surface of transversely isotropic
micropolar visco elastic medium under the theory of
thermoelasticity of type-11 and type-111. The wave equations are
solved by imposing proper conditions on components of
displacement, stresses and temperature distribution. It is found
that there exist four different waves viz., quasi-longitudinal
displacement(gLD)wave, quasi transverse
displacement(gTD)wave, quasi transverse microrotational
(qTM)wave and quasi thermal wave (qT). Amplitude ratio of
these reflected waves are presented, when different waves are
incident. Numerically simulated results have been depicted
graphically for different angle of incidence with respect to
frequency. Some special cases of interest also have been
deduced form the present investigation.

Index Terms—Micropolar, Reflection, Amplitude Ratios,
Viscoelastic.

I. INTRODUCTION

Depending upon the mechanical properties, the materials
of earth have been classified as elastic, viscoelastic, sandy,
granular, microstructure etc. Some parts of earth may
supposed to be composed of material possessing
micropolar/granular structure instead of continuous elastic
materials. To explain the fundamental departure of
microcontinuum theories from the classical continuum
theories, the former is a continuum model embedded with
microstructures to describe the microscopic motion or a
non-local model to describe the long range material
interaction. This extends the application of the continuum
model to microscopic space and short-time scales.

Material is endowed with microstructure, like atoms
and molecules at microscopic scale, grains and fibers or
particulate at mesoscopic scale. Homogenization of a
basically heterogeneous material depends on scale of interest.
When stress fluctuation is small enough compared to
microstructure of material, homogenization can be made
without considering the detailed microstructure of the
material. However, if it is not the case, the microstructure of
material must be considered properly in a homogenized
formulation [1], [2]. The concept of microcontinuum,
proposed by Eringen [1], can take into account the
microstructure of material while the theory itself remains still
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in a continuum formulation. The first grade microcontinuum
consist a hierarachy of theories, such as, micropolar,
microstretch and micromorphic, depending on how much
micro-degrees of freedom is incorporated. These
microcontinuum theories are believed to be potential tools to
characterize the behavior of material with complicated
microstructures.

The most popular microcontinuum theory is micropolar one,
in this theory, a material point can still be considered as
infinitely small, however, there are microstructures inside of
this point. So there are two sets of variable to describe the
deformation of this material point, one characterizes the
motion of the inertia center of this material point; the other
describes the motion of the microstructure inside of this point.
In micropolar theory, the motion of the microstructure is
supposed to be an independently rigid rotation. Application
of this theory can be found in [1] and [3].

Recently, the theory of thermoelasticity without energy
dissipation, which provides sufficient basic modifications to
the constitutive equation to permit the treatment of a much
wider class of flow problems, has been proposed by Green
and Naghdi [4] (called the GN theory). The discussion
presented in the above reference includes the derivation of a
complete set of governing equations of the linearized version
of the theory for homogeneous and isotropic materials in
terms of displacement and temperature fields and a proof of
the uniqueness of the solution of the corresponding initial
mixed boundary value problem. Chandrasekharaiah and
Srinath [5] investigated one-dimensional wave propagation
in the context of the GN theory.

The aim of the present paper is to study the
reflection of waves in transversely isotropic micropolar
viscoelastic medium under the theory of thermoelasticity of
type-I1 and type-111. The propagation of waves in micropolar
materials has many applications in various fields of science
and technology, namely, atomic physics, industrial
engineering, thermal power plants, submarine structures,
pressure vessel, aerospace, chemical pipes and metallurgy.
The graphical representation in given for amplitude ratios of
various reflected waves for different incident waves at
different angle of incidence i.e. for 8 = 30°,45° and 90°.

I1. BASIC EQUATIONS

The basic equations in dynamic theory of the plain strain of a
homogeneous, transversely isotropic micropolar viscoelastic
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medium following Eringen [1] and Green and Naghdi [4] in
the theory of thermoelasticity of type-11 and type-lll in
absence of body forces, body couples and heat sources are
given by:

Balance laws
tij, j = PUi 1
Mik,i + &ijktij = A 2
Heat conduction equation
y « 07T d?
KT +xaTq =pC ?"'TO ?ﬂklul,k 3)

The constitutive relations can be given as:

tkl AklmnEmn + lemn mn ﬁle

My = AlkmnEmn + Gmnlkl'pmn (4)
Where

Aijig = Alijia + A i %,

Bijii = B'ijii + B iji %,

Gijit = G'iji + G %,

deformation and wryness tensor are defined by

€y =Urk +&mbn, Y = Ak ®)
In these relations, we have used the following notations: pis
the density, &, permutation symbol, u; components of

displacement vector, ¢ components of microrotation vector,

t,; components of the stress tensor, my,;, components of the
couple stress tensor, e, components of micropolar strain

tensor, x, are the characteristic constants of the theory, C

is specific heat at constant strain, Ky is the thermal
conductivity, By = Aximn®mn are the thermal elastic
coupling tensor, a,,, are the coefficient of linear thermal
expansion.

I1l1. FORMULATION OF THE PROBLEM

In present case we consider homogeneous, transversely
isotropic micropolar viscoelastic medium under the theory of
thermoelasticity of type-1l and type-Ill, initially in an
undeformed state and at uniform temperature T,. We take the
origin of coordinate system on the plane surface with x5 axis
pointing normally into the half-space, which is thus
represented by x; > 0. We restricted our analysis to the two
dimensional problem by assuming the displacement vector 1

and microrotation vector ¢ as

ﬁ = (ull O,U3), 5 = (O' ¢)21 0) (6)

With the aid of equation (6), the field equations (1)-(4)
for transversely isotropic micropolar viscoelastic medium
under the theory of thermoelasticity of type-I1 and type-I11
reduce to:

o%u, d%u,
+
All aXf AS 8X§ (A13 A56)6X16X3
a¢2 5 aT 62u1
8x3 Yo, P
()
d%u, o%u, ¢y
+ Ay —=+( ) +K,
Pes ox? has X3 Pra Ao 6x16x3 Xy
T 82u3
ﬂ3 8X3 atz 1
(8)
o’ 0’4 au au o’
B +B — Xy + Ky L+ K, =2 = ,
77 8X12 66 6x32 #+ 16x3 6 P ot
(9)
(O T o (0 e 0T
oxE X3 xZot x3ot ot
o? , . ou u
— (B4 5=2)
i G
(10)
where
Br = Aoy + Aias, By = Ag1on + Agaa, Ky = Agg — Ass,

Ky = Ags — Ase, X =K,
are the coefficients of linear thermal expansion and we have
used the notations 11 —- 1,33 —5 3,12 —> 7,13 > 6,23 >4
for the material constants.

-Ki. o, 04

For simplification we use the following
non-dimensional variables:
X: U ! t; !
X'=—, u'=-t, tj= e m;; = ¢2—¢2A11,
L L ﬂlTo LﬂlT ﬁlTo
T'_l t'_&t, 012 :i
Ty L P
(11)

where L is a parameter having dimension of length and c;is
the longitudinal wave velocity of the medium.

IVV. SOLUTION OF THE PROBLEM

Let 5(p,, 0, p3) denote the unit propagation vector of the
plane waves propagating in x; x;-plane.

We seek plane wave solution of the equations of motion of
the form

(U, Us 6, T) = (T, Uy, gy, T)e! (PP
(12)
where £and k are respectively the phase velocity and the
wave number the components (,,U; 4,,T) define the

amplitude and polarization of particle displacement,
microrotation and temperature distribution in the medium.

With the help of equations (11) and (12) in equations
(7)-(10), we get four homogeneous equations in four
unknowns. Solving the resultant system of equations for
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non-trivial solution we obtain,

Ac® + Bc® + Cc* + Dc? +E=0

(13)
where
bs Ye g2+ 9s  9ga
A=b4 Z,B gl C=g3+ wz +E,D
g
=Js E:E =98 91
= bl - b’z - b4a1,

g2 = bg — by — byay + by7a44 + bypa45 — a1 bs, g3

=b'¢c—by —bs+b'ya, +b'1,04,
gs = b + arb, + aso(byp — b'13) + a14(bys — big + b'15)
— Qy5b1g, gs
= b, + bya, + bga,;, —a, b’y
96 = bsay — aysbyy, g7
= by4Q14 + byoQy5 — beay — Ay0b10, gs
= —b;a, — by1a4,
9o = b1oay5 — abg — ayoby3,

by = djagd;, b,
= d;(agdyy + dodg) + ayasdyy, b,
= pQ9d4,,
b; = ag(aed; + axd,;), by = dy,d;a4,bs = d;d;10,, be
= aga;,a, + ag(a,dy; — azas), b’
= Q30609
b; = ayagas, bg = ag(aydy; — azas), by =
agaq1diz, big = aq1(agdys + agdy) + asaga,,; — agasass,
by, = agdgdyy, by, = —a87815015, 05 = 78430y,
b'y3=ag(ay;dy, +as5255) b1y = ag(a1a; +ayay5),
bis = a7(2481, —83d3),b'15 = a9 (a5 +a,3y5),
big = agaypdy, b7 = —agay,d;,byg = dip(a4ay; +a5as3),
big =dy1(ag484 +25813) —Agay3d7 +a5(a4ay1 —A3ay3),
byo = ag(asay; +a5813),05; = ay301,d7, by, =ay35d,dy;,
2 2 2 2 .
a; =d;p3 + Pp;,a; = p3 + prdy,as =ip;dy,
L2 : 2 2 :
ay =iw" €, P3,85 =i pydg, 85 = P3 + Prdg, a7 = —ip3dy,,

ag = pi(iwe;, -1) + pi(iwe, k —K),a9 =&,

a0 = P1P3dy,81; = —PyPsds, a1, =1 P3dg, a3 = i’ SP) P1/71

: - (A3 + Ass)
a4 =ipgds,ay5 = —ipydyg, d; :mvdz =M,
Ay
d 1,31To d, Aes ds (A13 + Ass)
3= =
A11 Aa Ags
_ zﬁlTo A11 ﬁ _ K1|—2A11
A11A33 A33 Bea Bes BiTo
K L2A11 XL2 A11] ﬂlTo
10 = dyy = ,dyp = vy = )
Beeﬂl Bes Bes A
T B K
d14 - ﬂ ° d15 662 vle Evd]j :_l,
Ags AL A Ay
_ _ K~ * 2
dy=Bele g P g A g B L
Ay Ay 3 K Ky
&= Ksty  Ep= ﬂ3c1 == p, =sin(0), p; =cos@), ¢ is the
L K3

plane-wave incident angle with xs-axis.
The roots of this equation gives four values of c2. Four
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positive values of ¢ will b-e the velocities of propagation of
four possible waves. The waves with velocities ¢y, ¢c3, ¢35, ¢4
correspond to four types of quasi waves. Let us name these
waves as quasi-longitudinal displacement (qLD) wave, quasi
transverse displacement (qTD) wave, quasi transverse
microrotational (qTM) wave and quasi thermal wave (qT).

V. REFLECTION OF WAVES

We consider a transversely isotropic micropolar viscoelastic
medium under the theory of thermoelasticity of type-Il and
type-111 occupying the region x; >0. Incident qLD, qTD,
gTM or T waves at the interface will generate reflected
gLD, qTD, gTM and qT waves in the half space x; >0. The

total displacements and temperature distribution are given by

(Up,Us, 6, T) = ZA @r,s.t;)e™, (15)
j=1
where
o(t—x;sine; —xscose;)/c;, j=1,2,34 (16)
I ot - X sine; +xgcose;)/c;, j=5678,

o is the angular frequency. Here subscripts 1,2,3,4
respectively denote the quantities corresponding to incident
gLD, qTD, gTM and qT wave whereas the subscripts 5, 6, 7
and 8 respectively denote the corresponding reflected waves
and

rj=%,s-=%,tj=%, (i=12.......8),
£h(dicf-a,)  das =

A = g gcf-h 0 :
day 0 (CJ2 e +ag)¢’
52311 das day

A1j =|8a12 gz(cj?dlz —ag)—dy 0|
days 0 (CJ2 € +ag)&’
£y 52((17(312 -ay) day

Noj = Gagp &g 0 ,
days day, (C? e +ag)é’
&y, 52(‘37‘31g —ay) s

A3j =581, &3 52(012‘112 —ag)—dy |
a3 cay 0

h = 5236 +dyy

The expressions for a;, j = 1,2, ........,15 are obtained from
the expressions for a;, j = 1,2, ........,15 are given in the
equations (14) on substituting the values for p; and ps.

For incident gLD-wave: p; =sine;, p; =cose,,

gqTD-wave: p; =sine,, p; = COSe,,

gTM-wave: p; =sine;, p; =Co0se;,

qT-wave: p; =sine,, p; =CO0Se,,
For reflected gLD-wave: p; =sines, p; =Co0ses,
For reflected qTD -wave: p, =sineg, p; =C0seg, ;
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for reflected gTM-wave: p, =sine;, p; =cosey, ;
for reflected qT-wave: p; =sineg, p; = C0Seg.

Here e =e;. e, =6€56;=¢6;,,6,=¢; i.e. the angle of
incidence is equal to the angle of reflection, so that the
velocities of reflected waves are equal to their corresponding
incident wave’si.e. ¢, =Cs,Cy =Cg,C3 =C7,C4 = Cg.

V1. BOUNDARY CONDITIONS
The boundary conditions at the thermally insulated surface
X5 = O are given by

oT
t33=0, 13, =0,m3, =0,—+hT =0,
33 31 32 ox

3
where h is the surface heat transfer coefficient;

(18)

h — 0 corresponds to thermally insulated boundaries and
h — oo refers to isothermal boundaries.

ou; 1 ous

ty =dyg — +——=—dqgT,

33 19 6Xl d7 6X3 18
ou ou

tyy =g — +dag, +d; —, 19

31 16 aXl 3¢2 1 6X3 ( )
o

Mgy =05 —=.

32 15 5X3

The boundary conditions given by equation (18) must be

satisfied for all values of x; and t, so we have

Bl(xl, 0, t) = BZ(XZ’ 0, t) R BB(XB’ 0, t)

(20)

Then from equations (16) and (20), we have

sine; sine,

T T o T .
1 2 8 (21)

which corresponds to Snell’s law in present case and
Cé&=Céy =i =Cgég =, 22)

Making use of equations (15) in equation (19) and
substituting it into thermally insulated boundary conditions
(18), we obtain

8
D AA; =0, (i=1234), (23)
=1
Where
sin ej COS €;
c + I'st jd14’ 121,2,3,4
€ j
A= sine; cos e; ) '
—rjd5 jd14’ J=5,6,7,8
C.
j j
cose; sin &; .
d — dygf; +dss, J=12,3/4,
B j j
Poj = cose; sin e ) ’
_dl _lerj C—+d3sj1 J =51617181

i i

153] c y J:1,2,3,4
i
Poj = cos
_dlssj 1 ]:51617;81
Cj
VCOSGJ
'{J , 1=12,34
C.
A, = J
4 cose;
- J ] 1_5!65718

Incident qLD-wave:
In case of incident qLD- wave, A, = A; = A, =0. Dividing
the set of equations (23) throughout by A, , we obtain a
system of four non-homogeneous equations in four
unknowns. Resulting equations can be solved by the Gauss
elimination method which results in
Z_ — Ai+4 :A_Ji
1 ’
A A

(i=12,34) (23)
Incident qTD-wave:
In the case of incident qTD- wave, A = A; = A, =0, thus
2
Z, _ A A (i=1234). (24)
A, A
Incident qTM-wave:
In the case of incident qTM- wave, A =A, = A, =0 and

thus we have

7. _ A :Agi,(i =1,234) (25

LA
Incident qT-wave:
In the case of incident qT- wave, A = A, = A; =0, thus

7 = Aﬁ+4 :A_‘i1

1 A4 A '

where A=A, b @A AP (1=1234 p=1234) can be
obtained by replacing, respectively, the 1%, 2" 3 4"

column of A by [— Ap —PAop —Agp —A4P]T.

(i=1234). (26)

VII. NUMERICAL RESULTS AND DISCUSSION

In order to illustrate the theoretical results obtained in the
preceding sections, we now present some numerical results.
For numerical computation, we take the values for relevant
parameters for transversely isotropic micropolar viscoelastic
medium under the theory of thermoelasticity of type-Il and
type-I11 solid as:

A =21.4x10°Nm2, A,; =5.4x10°Nm~2,
Agg =5.2x10°Nm 2, Ay, =20.24x10°Nm 2,
A, =9.4x10°Nm ™2, Ajg =4x10°Nm 2,
By, =0.779x10°N, Bgg =0.779 x10°N.
Also,
A=A 1+iwRY), A;y =A;(1+iwR3Y),

ASS = A,88(1 +iw R;l),Azz = Alzz(l +iw RZl),
A12 = A’12(1 + iw Rs_l),A78 = A’78(1 + iw Rﬁ_l),
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B4_4_ =B,4-4-(1+in'71)'866 =B,66(1+in8_1)’ 1.37,
where 27
R{' = 8.05,R;! = 2,R;! = 1.05,R;* = 4.05, .
R:1=205  R;'=7.05R;'=205R;" = 4.05 1]
Following Gauthier [6] we take, the non-dimensional g “{ P MTIWED@E0)
values for Aluminium epoxy like composite as g o7 — - MTIWED@5?)
§ os || 4 MTIWED(90°)
B BN \{w —————— MVWED(30°)
_ 3 3 4 _ 9 2 e | L e MVWED(45°)
p=219x10° Kg/m?, 1 =7.59%10° N/m*, I | I MVWED(90%)
1 =1.89x10° N/m? K =1.49x10° N /m?, 03 ]
j=0.196x10"* m?, K" =1.7x10% J /msec °C, °2 ]
C"=1.04Cal /K,y =2.63x10°N. o ‘ ‘ ‘ ‘
Graphical representation is given for the variations of o Pt £ Vaaion of Anpiuce st 2
amplitude ratios of reflected qLD, qTD, gTM and qT waves MTIWED(307)
when four types of waves viz. qLD, qTD, gTM and qT waves B mlmigﬁg‘z;
are incident at the free surface to compare the results in two T I W
cases, one for the waves incident from transversely isotropic — S — - MVWED(90)

micropolar medium under the theory of thermoelasticity of
type-11 and type-111 (MTIWED) and other from micropolar
transversely isotropic viscoelastic material with energy
dissipation (MVWED). In figures 1-4, the graphical
representation is given for variations of amplitude ratios
|Z4}|Z,| +|Z3| and [z,4] for incident gLD wave. Figures 5-8,
9-12 and 13-16, respectively show the similar state in case of
incident qTD, gTM, and qT waves. Here |Zy|,|Z,| ,|Z5| and

Amplitude Ratio |Z,|

|Z4| are, respectively, the amplitude ratios of reflected qLD,
gqTD, gTM and T wave.

Frequency
Figure 2. Variation of Amplitude ratio|Z,|

These variations are shown for three different angle of
incidence viz., 8 = 30°,45° and 90°. In these figures the
solid lines corresponds to the case of MTIWED while the Figure 2, 3 and 4 indicate the variations of amplitude
dotted lines corresponds to the case of MVWED. Also, the ratio |Z,| ,|Z;| and |Z,| of reflected qTD-wave which
solid lines without center symbol, lines with center symbol

(—0—0-), solid lines with center symbol (- x — x shows that for all the cases, the value of |Z,| ,|Z5|and

—), respectively, represent variations for 8 = 30°, 8 = |Z4| initially oscillate with very small amplitude and then
45° and 6 =90° in case on MTIWED, whereas the steadily increases with increase in frequency, for all the
corresponding broken lines represent the same condition in three angles of inclination.

the case of MVWED.

16.5 —

A. Incident LD wave 1

15 —

135 —

It is observed from figure 1 that the amplitude ratio |Z,| of 1

_ MTIWED(30°
reflected qLD-wave first increases sharply to peak value and o MT'WEDE“S";
then decreases sharply to attain a constant value, when §m’5f 777777 wa&f&’
6 = 45° for MTIWED. While, for all the other cases, its B I o
value initially increase and then oscillate to become constant s s
ultimately. < 6

Frequency
Figure 3. Variation of Amplitude ratio|Z,|
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Amplitude Ratio [Z,|

type-I11

B MTIWED(30°)

———e——— MTIWED(45°)
7 ——%——— MTIWED(90°)
I MVWED(30°)

— — —o— — — MVWED(45°)
i — — —x= — — MVWED(90°)

L R \ \

0 20 40 60 80 100

Frequency
Figure 4. Variation of Amplitude ratio|Z,|

B. Incident gTD wave

The variation of amplitude ratios of various reflected
waves for incident qTD-wave is shown in figures 5-8. The
amplitude ratio |Zl|sharply decreases to become constant
for all the cases, with slight differences in their amplitudes,
except for MVWED 6 = 90° where after decreasing it
oscillates and then attain a constant value.

Amplitude Ratio |Z,|

Amplitude Ratio |Z,]

75 —

MTIWED(30)
———— MTIWED(45)
MTIWED(90)
————— MVWED(30)
77777 MVWED(45)
————— MVWED(90)

0 4
Frequency

Figure 5. Variation of Amplitude ratio|Z,|

MTIWED (30)
MTIWED (45)
————<—— MTIWED (90)
————— MVWED(30)
— — = — — MVWED(45)
MVWED(90)

Frequency
Figure 6. Variation of Amplitude ratio|Z,|
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- ———— MTIWED (30)
———— MTIWED (45)
——~—— MTIWED (90) ,
s  |----- MVWED(30) /
— — = — — MVWED(45) ,
————— MVWED(90) L
_ _ /
N /
- 7/
% /
o 7
| ,
g4 ,
2 s
:u s
g -
< ,
| 7
.
-
-
-
2 — e -7
- o7
- ~
- ~
- e
- ~
B - -
- e
e ~e T
S
0 a2 I e
‘ \ ‘ \ i T 1 ! \
0 20 40 60 80 100

Frequency
Figure 7. Variation of Amplitude ratio|Z,|

25 —
7 7/
MTIWED(30) ,
———=——— MTIWED(45) L,/
2 — —  «—— MTIWED(90) ,
————— MVWED(30) L,
i — — = — — MVWED(45) /
————— MVWED(90) P
_ 7
N 15 — e
S s
© 7/
@ 7/
g e 4
2 P ’
2 g «
< 17 P s
e . 7
.
i - P
4 7
< 4
s pl
4 -
05 — - .
b - /’/
ke > -
4 e _ -~
, - -
\ _ - =
\_=om T e
o Lo .
T I I I I I
0 20 40 60 80 100
Frequency

Figure 8. Variation of Amplitude ratio|Z,|

It can be seen from figure 6 that the value of amplitude
ratio |Z,|for MTIWED shows a hump within the interval
0 < w < 20 and then oscillates to attain a constant value.
At = 309,900°,its value initially decreases, then increases
to become constant. However for MVWED, for all the
angle of inclination, its value oscillates within the interval
0 < w <10 and then become constant at the end.

Figures 7 and 8 shows the variations of amplitude ratio
|Zs| and |Z,| keeps on increasing with increase in

frequency.
C. Incident gTM wave

The variation of amplitude ratio |Z,| initially oscillates

within the interval (0, 20) for all the cases of MTIWED and
then become constant with increase in frequency. Also, the
values for MTIWED are higher as compared to those for
MVWED. These variations are depicted in figure 9.
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For the amplitude ratio |Z,

Amplitude Ratio [Z,]

10 —

Amplitude Ratio |Z,|
L
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MTIWED(30)
——s—— MTIWED(45)
———%—— MTIWED(90)
MVWED(30)
MVWED(45)
MVWED(90)

Amplitude Ratio [Z,]

Frequency

Figure 9. Variation of Amplitude ratio|Z,|

h ————— MTIWED(90)
MVWED(30)
MVWED(45)
MVWED(90)

MTIWED(30)
MTIWED(45)

20
Frequency

Figure 10. Variation of Amplitude ratio|Z,|

— — = — — MVWED(45)
— — % — — MVWED(90)

MTIWED(30)
MTIWED(45)
MTIWED(90)
MVWED(30)

Frequency

100

Figure 11. Variation of Amplitude ratio|Z,|

MTIWED(30)
MTIWED(45)
MTIWED(90)
MVWED(30)
MVWED(45)
MVWED(90)

40
Frequency

Figure 12. Variation of Amplitude ratio|Z,|

(figure 10) of reflected
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qTD-wave, for MTIWED and 6 = 30°, its value sharply
increases to reach a maximum value and then decreases to
attain a constant value at the end. While for 6 = 45°and
6 = 90° its value initially oscillates to become constant at
the end. However for MVWED, its value oscillates with
varying amplitude.

Figure 11 shows that the curves for |Zs| start with

difference in their pattern of variation but end with almost
similar type of variation. It can be seen from this figure that

the value of |Z;| shows the similar behavior for initial

angle of incidence, while with increase in angle of
incidence, its value shows the opposite behavior.

It is observed from figure 12, that |Z,| initially oscillate

then show a sudden decrease at 8 =90°, goes on
increasing with increase in frequency at 8 = 45°, while
oscillate and then decreases to become constant at
6 = 30°. The variations for the case of MVWED, start
with oscillating behavior showing peaks at particular value
of frequency and become constant at the end. It is observed
that the values get increased with increase in angle of
incidence.

D. Incident qT wave

The variations of amplitude ratios of various reflected
waves for incident qT-wave are shown in figures 13-16.

The amplitude ratio |Zl| sharply decreases to become

constant for all the cases, with slight differences in their
amplitudes.

- ————— MTIWED (30)
———e——— MTIWED (45)
————— MTIWED (90)

Amplitude Ratio |Z,]

————— MVWED(30)
1.6 — — — = — — MVWED(45)
B — — = — — MVWED(90)

\&A
0 Y \ \ I \

0 20 40 60 80 100
Frequency
Figure 13. Variation of Amplitude ratio|Z,|

The variations of |Z,|and |Z,| indicated in figures 14

and 16. It can be seen from these figures that the values
oscillate within the interval (0, 20), showing the peaks of
different amplitudes. After this interval the values for all
the cases become steady.
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Figure 14. Variation of Amplitude ratio|Z,|
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Figure 15. Variation of Amplitude ratio|Z,|
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Figure 16. Variation of Amplitude ratio|Z,|

Variations in the values of |Z,] indicate that viscoelasticity as
well as angle of incidence show a significant impact on it
throughout the whole range (figure 15). The behavior of |Z,|
oscillatory, within the range 0 < w < 20 . The values of
maximum with amplitude ratio |Z3| first increase from small

values to small oscillations and ultimately decrease to
become steady. The values for MVWED are higher as
compared to those for MVWED at 6 = 30° and 45°, but the
behavior is reversed with further increase in the angle of

incidence. Viscoelasticity show a greater impact on |Zi|,

i=1,2,3,4 as compared to the angle of incidence.

VIIl. CONCLUSION

The analytic expressions of amplitude ratios for various
reflected waves are obtained for the transversely isotropic
micropolar viscoelastic medium under the theory of
thermoelasticity of type-Il and type-Ill. It is concluded
from the graphs that the values of amplitude ratios

|Z4],|Z,| and |Z,| show sharp oscillations at initial

frequencies for incident qLD and gTD waves, as compared
to gTM and T incident waves. An appreciable effect of
viscoelasticity and angle of incidence is observed on
amplitude ratios of various reflected waves.
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