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Abstract: The aim of this paper is study the problem of longitudinal /gw-wave) and secondary vertically (SV-wave) reflectioth an
transmission during two media in the context of three magtieermoelastic theories with varies fields effects as raaigiiield and
initial stress. We deal the problem of reflection and trassioh of thermoelastic waves at interface between twordiffemedia in the
presence of initial stress and magnetic field, in the coraé&T (Classical theory), GL (Green-Lindsay) and DPL (Dub&Be Lag).
The boundary conditions applied at the interface as coityiwdi the displacement, neglecting the tangential disgiaent, continuity
of normal force per unit initial area, neglecting the tartg@rstress and continuity of the temperature. The ampdisudhtios for the
incident p- and SV- waves and so the refracted are obtairteel r@flection and transmission coefficients ratios for tleedent waves
are computed numerically and the results are represenggthigally to show the physical meaning of the phenomena.

Keywords: Longitudinal (p-), secondary vertically (SV-), reflectigransmission, magnetic, thermoelasticity

1 Introduction only has been discussed by DanilovskaijaWidespread
attention has been given to thermoelasticity theories
. . which consider finite speed for the propagation of thermal
During the recent four decades, more attentions have beefy o) - |njtial stresses develop in the medium due to
made on the generalized thermoelasticity theory becausg,iq,s reasons, such as the difference of temperature,
of its utll_ltarlan aspects in diverse fields, espeme_tlly IN hrocess of quenching shot pinning and cold working,
engineering, physics, structure mechanics, biology.gioy process of creep, differential external forces, and
geology, geophysics, acoustics, plasma physics and Etgravity variations.
The generalized thermoelasticity theories were develope
to eliminate the paradox inherent in the classical theories The earth is under high initial stress and, therefore, it
predicting infinite speed of propagation of heat. Theis of great interest to study the effect of these stresses on
generalized thermoelasticity theories admit the so-dalle the propagation of elastic waves. A lot of systematic
second-sound effects, predicting only finite velocity of studies have been carried out on the propagation of elastic
propagation of heat. The two theories (LS and GL) ensurevaves. Biot P] showed that the acoustic propagation
finite speeds of propagation for the heat wave. The theoryunder initial stresses would be fundamentally different
of elasticity with non uniform heat which was in from that under stress free state. Lord and Shuln@n [
half-space subjected of thermal shock in this contextreported a new theory based on a modified Fourier’s law
which is known as the theory of uncoupled of heat conduction with one relaxation time. Later on, a
thermoelasticity and the temperature is governed by anore rigorous theory of thermoelasticity was formulated
parabolic partial differential equation in temperatumngrte by Green and Lindsay4] introducing two relaxation
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times. These non-classical theories are often regarded digjuid half-spaces. Chakraborty and Singkg] studied
the generalized dynamic theories of thermoelasticity.the problem of reflection and refraction of thermo-elastic
Various problems have been investigated and discussed wave under normal initial stress at a solid-solid interface
the light of these two theories and the studies reveal somender perfect boundary condition. Abd-Alla et a27]
interesting phenomena. Green and Naghd,6] studied the radial deformation and the corresponding
re-examined the basic postulates of thermo-mechanicstresses in a homogeneous annular fin of an isotropic
and discussed undamped heat waves in an elastic solignaterial. Abo-Dahab and Sing2§] investigated the
Green and Naghdi7], Chandrasekharaial@] discussed effects of rotation and voids on the reflection of P waves
different problems in thermoelasticy without energy from stress-free surface of an elastic half-space under
dissipation. The representative theories in the frame oimagnetic field, initial stress and without energy
generalized thermoelasticity are presented by Hetnarskilissipation. Reflection and refraction of P-, SV- and
and Ignaczakq]. Singh [L(] investigated reflection and thermal waves, at an initially stressed solid-liquid
transmission of plane harmonic waves at the interfacenterface in generalized thermoelasticity has been
between liquid and micropolar viscoelastic solid with discussed by Singh and Chakraboi2g][ Abd-Alla et al.
stretch. Kumar and Sarathil]] studied reflection and [3(] investigated SV-waves incidence at interface between
refraction of thermoelastic plane waves at the interfacesolid-liquid media under electromagnetic field and initial
between two thermoelastic media without energystress in the context of three thermoelastic theories.
dissipation. Othman and Sont discussed plane waves Abo-Dahab and Salama 3]] discussed plane
reflection from an elastic solid half-space underthermoelastic waves reflection and transmission between
hydrostatic initial stress without energy dissipation. two solid media under perfect boundary conditions and
Problems on wave propagation phenomena in coupled ainitial stress without and with influence of a magnetic
generalized thermoelasticity were discussed by Sinha anfleld. Abd-Alla et al. B2 investigated the effect of
Elsibai [13] and Abd-alla and Al-Dawy 14]. Abd-alla et  rotation on the peristaltic flow of a micropolar fluid
al. [15 investigated the reflection of generalized through a porous medium in the presence of an external
magneto-thermo-viscoelastic waves at the boundary of anagnetic field. Abd-Alla et al.33] discussed the effects
semi-infinite solid adjacent to vacuum. Sinha and Elsibaiof rotation and initial stress on the peristaltic transpdrt
[16] investigated the reflection and refraction of a fourth grade fluid with heat transfer and induced
thermoelastic waves at the interface of two semi-infinite magnetic field. Song, et al3§] investigated the reflection
media with two relaxation times. Abd-Alla and and refraction of micropolar magneto-thermoviscoelastic
Abo-Dahab 17] discussed the influence of the viscosity waves at the interface between two micropolar
on the reflection and transmission of plane shear elastiziscoelastic media. Othman and Abb&3|discussed a
waves at the interface of two magnetized semi-infinitesolution to a thermal-shock problem of generalized
media. The generalized magneto-thermoelasticity modethermoelasticity for a non-homogeneous isotropic hollow
with two relaxation times in an isotropic elastic medium cylinder.
under the effect of reference temperature on the modulus Recently, Abo-Dahab et al. 3§-[40]) investigated
of elasticity investigated by Othman and Sod§][ the influence of varies external effects on waves
Estimation of the magnetic field effect in an elastic propagation between two solid-liquid media in the
solid half-space under thermoelastic diffusion is context of thermoelastic theories. Said and Othm&h [
discussed by Abo-Dahab and Sindgtg]l The impact of investigated effect of mechanical force, rotation and
magnetic field, initial pressure, and hydrostatic initial moving internal heat source on a two-temperature
stress on the reflection of P and SV waves considering diber-reinforced thermoelastic medium with two theories.
Green Lindsay theory discussed by Abo-Dahab and The aim of this paper is study the problem of
Mohamed R0]. Abo-Dahab et al.21] studied the rotation longitudinal and secondary vertically waves reflection and
and magnetic field effects on P wave reflection from atransmission during two media in the context of three
stress-free surface of an elastic half-space with voidamagneto-thermoelastic theories with varies fields effects
under one thermal relaxation time. Reflection of P and SVas magnetic field and initial stress. We deal with the
waves from stress-free surface of an elastic half-spacg@roblem of reflection and transmission of thermoelastic
under the influence of magnetic field and hydrostaticwaves at interface between two different media in the
initial stress without energy dissipation is investigabyd  presence of initial stress and magnetic field, in the context
Abo-Dahab 2]. Abo-Dahab et al.23] studied relaxation of CT (Classical theory), GL (Green-Lindsay) and DPL
times and magnetic field effects on the reflection of (Dual Phase Lag) models. The boundary conditions is
thermoelastic waves from isothermal and insulatedapplied at the interface as continuity of the displacement,
boundaries of a half-space. Abo-Dahab and As24 [ vanishing of the tangential displacement, continuity of
estimated Maxwell’'s stresses effect on the reflection anchormal force per unit initial area, vanishing of the
transmission of plane waves between two thermo-elastitangential stress and continuity of temperature. The
media in the context of GN model. Deswal et 5]  amplitudes ratios for the incident p- and SV- waves and so
studied the reflection and refraction at an interfacethe refracted are obtained. The reflection and transmission
between two dissimilar, thermally conducting viscous coefficients for the incident waves are computed

(@© 2018 NSP
Natural Sciences Publishing Cor.



Appl. Math. Inf. Sci.12, No. 5, 957-968 (2018)www.naturalspublishing.com/Journals.asp NS = 959

numerically and the results are represented graphically tc

show the physical meaning of the phenomena. Sl
Si: i Medium M * S
2 Formulation of the problem f

Sz

Let us consider a plane interface between solid half-spacc

homogeneous anisotropic elastic and liquid half-space aregjq 5. components of initial stress in the solid medium.

with a primary temperature and electromagnetic field acts

on Z- direction. The solid medium placed under initial

stress. A plane SV-waves is incident in medium M on the

plane interface which is reflected to thermal waves3 Basic equations

(dilatational waves), p-waves (dilatational waves), and

SV-waves (rotational waves) and the rest of the wavesl) The dynamical equations of motion in rotating frame

continues to travel in the other medium M’ after of reference for a plane strain under initial stress in the

refraction, as T- waves and p-waves, as shown in Figure labsence of a heat source and presence of Lorentz’s force,
given by Biot (1956) is

Sy 0S1 _dw _dv _  d%
s ox oy Poax P THTPoe @)
A, 091 0 dw Jdu %
2 T2 pr g +Fy = paesy 2
ax oy ox P9 T TP @)
A‘ -
el ’ where,w = % ov_ou , Fx andF, are components of
Medium M’ H. 5 0X dy
_ the electromagnetic field iandy directions, respectively.
e u— 2) The stress-strain relations with incremental isotropy
Initial Stressp ———> is given by Biot (1956)
—_—
Si= (A + 2+ P)eot(A +Plgy,—v( T+15T),
4, S =Aeu+(A +2u)eyy—y(T+rla%T),
Ajor Ayor Ay A
S A, S = 2I-lexy
_— . . @
Fig. 1: Geometry of the problem. 3) The incremental strain-components was given by Biot
(1956)

Ju ov 1/0u ov

Where,6 is the angle of incidence for a plane waves, ©x= 0.  &y= 3y’ &y =5 (5 + %> )
6, and 6, are the angle of reflected waved,and 6, are
the angle of transmitting wavesid and & is the  4) The modified heat conduction equation is
electromagnetic field vector acting on Z-direction, gnavit
in z-axis directionA;, Az andAs are the amplitudes of K(Hr@%)JZT:pCe(‘f,—Iﬂo%)mo %(%%)wmi—i(%%)} @
the incident wavesi,, A4 and Ag are the amplitudes of
reflected wavesA, and A, are the amplitudes of the Wwhere,Ce is specific heat per unit mass,j is strain
transmitted T- and SV-waves, respectively. We assume gomponentsK is thermal conductivityP is initial stress,
Cartesian coordinate system with origin 'O’ on the plane S11, S12, $2 are incremental stress componemtsand
y = 0. Since we consider a two-dimensional problem, wel are Lame’s constant3p is natural temperature of the
restrict our analysis to plane strain parallel to the medium,d; is Kronecker deltaT is absolute temperature
oxyplane. Hence, all the field variables depend onlxon of the medium,7o and r;are thermal relaxation times,
y and timet. a; is coefficient of linear thermal expansion; is

The initial stress effects on mediukh only as shown components of the displacement vectarjs magnitude
in Figure 2, ands;1and Sy, are the normal stresses in and of local rotation, 7o is the phase-lag of the gradient of
directions, respectively. temperature.
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5) Taking into account the absence of displacememwhere,@> =

current, the linearized Maxwell’s equations governing the
electromagnetic fields for a slowly moving solid medium
having a perfect electrical conductivity are

7Jm€()"f:curlﬁ>
—ue e _curlﬁ

div h —0

dlvﬁ =

£ _ue(w «Fio)
_>

R = curl(T x Ho)

where,ﬁo =(0,0,H), H= ﬁﬁ-ﬁ (x,y,t) in Cartesian
coordinategx, y, z), H(0,0,H).
Using Equation (5) we obtain

()

de d%u

2

Fx = peH [dx 50@] ; (3
de 0%y

R = IJeH {0y 80@} ) 4)

where, ? is an ele_c>tric intensity vector? is Lorentz’s
body force vector,h is perturbed magnetic field vector,
is magnetic field vectorﬁo is primary constant

magnetic field vectorJ is an electric current density
vector, e IS magnetic permeability, &g electric
permeability.

6) Maxwell’s stress equation given in the form as:

- ,
Tij = He [Hihj +Hh— (H h k)aj} ih=123 (7a)
where,Tjj is Maxwell’s stress tensor, which reduces to

o) m2=0 (M

_ — uH?
T11 =T22= He (dx )

3.1 Solution of the problem

R
Substituting from equations (2), (3) and (6) into equation "

(1), we get

924 52 2
P\ @ 0
<A+2y+P+ueH ) (/\+u+ + HeH )7\;+(A+E>W;— gd%:
22u oT 92T
- (p+£0ueH ) b +V<E+T17dxdt (6)
—P dv+ A+ +P+ H2 +(/\+2+ H)02+ o
I el dxd o pe?) 25 4 pa gy

. s
ay 'L oyat

)

= (p+eoudn? ) >+ y( @

To separate the dilatational and rotational components of
strain, we introduce displacement scalar and vector! =

potentials® andW¥ defined by the following relations:
09 oV

(0,0,%).
From equations (8) and (10), we get the following
equations:

f2o_ ; 592:?:i192|2> (%) ()\+2u+);+ueH2) (T+r1%)+pgi—$ @)
2y (PHEMEH?) [02W] oy
=Ty e P9 (12

From equations (9) and (10), we get,

_ (p+epiH?) [o*o y aT
o= (A +2u0+ueH2) <W> T2 ) (TH15> )
P + &olgH?) [0241} oW
02y = ( +pg——  (14)
(u=3) Lot 9y
2 _ 92
where[Jc = W + 52

Using equation (10) in equation (4), we get

92T
ot?

K (1+ r@§> 0°T = pCe<dT +To—= ) yTojt (1+ T8 %) O?® (15)
We study the above basic equations for the following three
different theories:

()Classical and dynamical coupled theory (1956)

(CD) ((ﬁj =0, 10=0, T1=0,T@=O)

(ilGreen and Lindsay’s theory (1972) (GL)
(8j=0, 1 >170>0,19 =0)
(ii)Dual phase-lag theory (DPL) (8j=
1, 10>0 11=00<19<Tp)
Equations (11) and (14) rewritten as:
a o y aT 00
TO= iRy o T pA R ( T ) +Pag, (9
2
2 O |07 ¥
O W_Cg dt2}+pg ay a7)
where,
:%23. 2 = AH2utP c%:é‘ c2- “eprzA 2= ks, a:1+%§

1

Here,Ry, Ca, C; andC;, represent the Alfven speed, the
sensitive part of magnetic field, velocities of isothermal
dilatational and rotational waves respectively, in medium
M.

Eliminating T from equations (15) and (16), we obtain
a fourth order differential equation in terms @fas

(o) |

;
C3(1+RH)(1+1@3‘> Do [(1+RH+2T)m ((1+RH)T0+STT1+STT0§J +§§) & -CG+R) S

pc]2_(1+RH) qu) _ pPa %0

M_w
y y ot

ay
(18)

T oax dy +(Gro+ertond)) &5 - GG1+Ra) oy +pe(L+R) i (14108 )] + & (14108 ) 52 =0
00 oY
dy  0x
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T c?
Mz\é 772[:- Where|C§: pLCeacg:;: (%7 ET = 28:};:27 C2 1 (ET
ek —i is thermoelastic coupling constant of the solid medium M).
= o " We assume now the solution takes the following form:
o ® = f(y) expfik(x— ct)], (8)
g\ W = g(y) expik(x—ct)], 9)
e aaR R T = h(y) expik(x— ct)] (20)
(a) wherec= .
Substituting from equations (20) into equation (19), we
o get:
— d2f  dBf  d’f _df
— +C—+A— +D—+Bf 0 21
a7 "Cap TAge tPgy tBfM=0 @
where
“n‘\in' M- — 2k2+'CkTC(1+RH+eT) szzz ((1+RH)ro+aTr1+aTrodj+g—iz>
(b) 7i|(<:3§(;3 (gi To + &7 ToT1 ) )
m} :;ZL B = k“f— ((1+R4)ro+eTr1+sTro<§, C§>+ ZC; (C—ZTQHTrorl& )
. I +(|:k23ccf2 (1 iketg — %) (1+Ry +eér),
“ (LK? —iLk3cTo +iMK3c+ Mrok“cz)
ams \ b= C*Z
..Q‘:l C— —L+iLk3cto Clj\zllkc Mrokzcz)'
L] M 2 B 40 D Ao 80 2 3
© and
—x C2=CJ(1+Ry)1-iwte), L=K&(L+Ry), M=py(l+Ry)

Equation (21) is a fourth order differential equation in
f(y), the solution gives four values df(y), the function in
equation (20) takes the form

aL_‘n., @ = [Aq exp(ikmyy) + Ag exp(ikmpy) + Ag exp(iki + Ag exp(ikmgy)] explik(x — ct) 22
R ] [Ag explikmyy) + Ap explikmpy) +Ag exp(ikmgy) + Ag explikmgy) | explik(x —ct)] (22)
[

(d) Substituting equation (20) into equation (17), we get
ds  ds ,(c«a

Equation (23) suggests that the solution yields two values
of g(y), the function in equation (20) written as

W = [Asexp(ikmsy) + As explikmey)] explik (x—ct)] (24)

e w e e e The constant#y (i = 1,2,...,6) represent the amplitudes
© of incident SV-waves and reflected (thermal wave) T-, P-
and SV-waves, respectively.
Substituting from equations (20) and (22) into equation

Fig. 3: Variation of the amplitudesz| (i = 1,2,..,5) = (11) we get the value di(y), the functionT in equation
with the angle of incidence of SV-waves for three models(zo) becomes

of:P=(1.7)(10*),H = 10°%, & = 0.5

= "W[FlAlexp(lkmly + RAzexp(ikmyy) + FsAgexplikmgy) + F4As exp(ikmyy)| explik(x — ct)]

(25)
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where

t=1-ion, F=-S0+Re)(@+RM) + 02— 91 Ry)(m), | =12,34

Using Equations (22), (24) and (32) in the above continuity
relation, we get,

{A1 (my) exp(ikmyy) + Az (mp) exp(ikmay) + Ag (mg) exp(ikmgy) + As (mu) exp(ikmay) }

Settingu = P = 0 in equations (1)-(4) we obtain the basic * AsexP(ikmsy) +Asexp(ikmey)} *{ (o) exp(iky) + A&, (m;) expikmiy) |

equations for a non-viscous liquid medium in the
presence of body forces, we get displacement equations

and temperature equation for the liquid meditm as

follows:

A "H2y9% 4 (A7 "2y 0N _ 9% Y o1’ /d 1 OV

A"+ HeH%) G + (A + HeH) 555 = 0" Gz +V ( Gx + TG ) —P'9 5%
(26)

Iy 2 ’ 127! ’ g
+ N+ HD) 08 = (o' + uZeh?) L +y (F + 15 ) +P'd %

(27)

(A + pH2) 24

K (1+ %) 2T/ = p/Co (B + 165 ) +Tov & (1+ 148 & ) 02
(28)

aty=0

mA, =0
(36)

2) Tangential displacement must vanish at the interface i.e

u=0.

This leads td — %% =0

Using equations (22) and (24) in the above boundary

condition, we get

MAL + MpAg + MAg + MuAs + As + Ag — MA, —

{Asexp(ikmyy) + Azexp(ikmgy) + Agexp(ikmgy) + Asexp(ikmay) }
—{As (ms) exp(ikmsy) + Ag (ms) exp(ikmgy) } = 0

The primes have been used to designate the correspondlng

quantities in the liquid mediu’ as already been defined

in case of solid mediurivl.
Taking
Loy 0P
V=T VT Gy (@9)

We obtain

24/ d  0%¢ y o
PV = ot 5+ ety (L) T+ 9(30)

K (1+76%) 02T = p'Cy (F + 58 ) + Tov' § (1+ 148 § ) 0?0
(31)

o A
whereCy” = — .

Solving equations (30) and (31) and proceeding
exactly in a similar way as in solid medium M, we get the ©

appropriate solution fo®’ andT’ as

@' = [A,exp(ikmyy) + A, exp(ikm,y)] explik(x— ct)]

(32)
T = Py,‘f’ [FiA'2 exp(ikm’zy) + Fz/Ailexp(ikmgy)] explik(x— ct)]
(33)

where, ,
T=1- iwri. (34)

The constantg\, and A, represent the amplitudes of

refracted thermal and p-waves, respectively.

3.2 Boundary conditions

1) Normal displacement is continuous at the interface, i.e

v =V this leads to

U

ge | o8 — 0¥ (35)

Ar+Ac+Az+Ar—msAs —meAs =0 (37)

3) Normal force per unit initial area must be continuous at
the interface i.ef, = Of,

This leads tosy2 + T22 = Sy, + 15,
where,Tjj = e (2), (3) and (7) for mediunM and their
corresponding equations for medium M’ and using

equations (10) and (32), we obtain
u+uH)(T-0%)+m( +55) -v(T+ud)

(et (350 58) (7

(38)

Substituting from equations (22), (24), (25), (32) and (33)
in the above equation, we get
—k? — k2my) — Cekmy — aFy) A exp(ikmyy) + (Cs (—k? — k2mg) — Cek?mg — aFs) Agexp(ikmay) +
kz—kzmz)—Cekzmz—an) Agexp(ikmgy)Jr(C; K2+ k2m, +p*a'F2/)A/2exp ikmyy
(Cs (—k2 — K2my) — Cek?my — aFs) Asexp(ikmuy) + (C5 +p’a'F‘;) Ayexp(ikmyy
—Cek2msAs exp(ikmsy) — Cok?meAs exp(ikmey) = 0

aty=0

K2 + k2,

(Cs (—k2— k2my) — Cek®my — aFy) Ay + (Cs (—k2 — K2mg) — Cek®mg — aFs) Ag+
(Cs (—k2 — K2mp) — CokPmp — a ) A+ (Cs (K2 +K2my ) +pa'Fy ) A,

(Cs (—K? — K2my) — Cok?my — aFa) Ag + (Cg (K2 + K2y ) + p*a'Fy ) A,
—Cok?msAs — Cok?meAg = 0

(39)
A+ peH? 2 o ) pgH? /
whereCs =~ Co= 2, Co= % , Cg=
U
2 /
G =5

4) Tangential force per unit initial area must vanish at the
interface i.e[Jfy=0

This leads tosi2 + Pey+ 112 =10

Using equations (2), (3), (7), (10), (22) and (24), we obtain

Acmy exp(ikmyy) + Aomp exp(ikmpy) + Agms exp(ikmey) -+ Agmy exp(ikmay)
—3 ((Asm2exp(ikmsy) + Asmgexp(ikmey) ) + 3 (Asexp(ikmsy) + Asexp(ikmey))) =

aty=0

mlA1+mzA2+me,A3+m4A4—%(m%—l)Ag,—%(mé—l)Aﬁ:O

(40)
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]
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L
[
8

(@) (@)
;
E‘“ 0ig -i: = .
2|
! \
(b) “;2 20 nIII }‘E ::6 95{1 ";2 20
Fig. 4: Variation of the amplitudesz;| (i = 1,2,...,5) (b)
with the angle of incidence of SV-waves for variation of
magnetic fieldP = (4,5,9)x(10°), H = 10°, g = 0.3 Fig. 5: Variation of the amplitude;| (i =1,2,...,5) with
the angle of incidence of SV-waves for variation of initial
stressP = (1.1,1.3,1.5,1.7)x(10'), H = 10, £ = 0.3
5) Terpperature must be continuous at the interface i.e, =——— T S
T = T . L o [ :‘= ] "‘.,‘ Pincreases
Using equations (25}@) and (33) with making some 1 : 4
algebraic simplifying, we get i ‘el W B Pe—
B [F1Aq exp(ikmay) + Foho exp(ikmay) -+ FaAs explikmay) + FaAu explikmay)] I T ™
= % FZ'A'Zexp(ikm’zy) + Fi.A;exp(ikm;y)] 3t 1w
at y:O ﬂﬂ Lll 3‘6954 7",‘ L] ot Il‘l KL 4 10 m MD lli 3'6 95‘4 ;2 w0
prarr_r r @)
Fus + Foho + Foha + Fahy = [Fomo+Fes] =0 |
10 T T T T 001 e
(41)
, , 8 8 00z - é 1
where,y* = V7 andr* = L. Ji | oess |
i 7
3.3 Equations for the reflection and refraction LK I |
coefficients \ -
" 3158514 7w s 3169514 o
To consider the reflection and refraction of thermoelastic (b)
plane waves are incident at the solid-liquid interfacg-at
0 making an angl@ with the y-axis. Fig. 6: Variation of the amplitudel;| (i = 1,2,...,5)with
Case 1. For p-wave incidence, we pat= p~tcosecdand  the angle of incidence of p-waves for variation of magnetic
Ai=As=0 field: P = (4,5,9)x(10%),H = 10'1,5 =0.3
Case 2: For SV wave incidence, we pat= C; cosecfand
A1 =A3=0
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T ' D o Fig. 9: Variation of the amplitudel;| (i = 1,2, ...,5) with
ozl i i R | the angle of incidence of SV-waves under dual-phase-lag
theory (DPL):P = 1.1x(10'%), H = 1%, & = 0.1
ulsj. onm F N
AN il | ineesses
DIZ*E‘ onoss 3 4
Y . . .
4 5 By generalization, we get a system of five
=] /{ s | non-homogeneous equations for a thermoelastic plane
e " & 0 \ wave incident,
D[I 18 36 54 n 0 nD 12 36 M n Ll
@ e 5
(®) daizi=y, (i=12..5) (42)
i=

Fig. 7: Variation of the amplitude;| (i=1,2,...,5) with h
the angle of incidence of p-waves for variation of initial WN€"®
stressP = (1.1,1.3,1.5,1.7)x(10'), H = 103, = 0.3 B1= Mo, ao=Me, =1, A=, a5= 1, ao1=ap=1, 23— e
apa=25=0, ag = (Cs(—k*—Kmp) —Cek’my —aFy), &gz = (Cs (—k* — kK%mu) — Cok?my — aFy) ,
ag3 = —Cok?mg, agq = (Cs (k2+k2m’2) +p‘a’F2’) —ags— (CS (k2+k2rrf4) +p*a'F,;) )

a1 =My, &z = My, ayz = —0.5 (M — 1), ags = aus = 0,

2t 1

. . 121" as1=Fp, as2=Fa, as3=0, aSA:*%Fz/-, 355:7‘%’:5;-
s I A where, (j =1,2,...,5) are the ratios of amplitudes of
Jl |- |l reflected thermal, P-, SV-waves and refracted thermal,
Bl ] ] P-waves for the incident waves, respectively, and
s 1w S () For incident p-wave
% | - 1™ Y1 =a12,Y2 = —@22,Y3 = —@32,Y4 = 842,Y5 = — 852
L 3169\‘5 = L 95‘: :"' E] ! A2 A4 AG A/2 Ail
L= Lp= 5 L3= Ly =505 =
(@) Ag Ag Ag Ag Ag
ma o (ii) For incident SV-wave
| ] - ] yi=—a3 Y2=ms, y3=Cek’ms, ya=73(me—1), y5=a63,
A A
| | , 2= B B g o=
il Bl % Special case
T 1 vy % If the gravity is neglected, equation (42) takes the form
i ;Pmcreases i vone - | 5
ZLaijj:yj, (j=1,2,...,5 (43)
nﬂ IIS Ed 8 34 TIZ 0 DD 1.‘8 ;6 8 ilvl 1'2 0 |:
(b) Where

Fig. 8: Variation of the amplitudeZ| (i=1,2,...,5) with ~ a_." 0?12;:? o 24(;:”2{12375.: ;3?’[31;732)2; ciy(:f,: "p‘iﬂ
the angle of incidence of p-waves for variation of electriC as= —(2+ p)ms, s = ass= —p* (14 M2) . a1 = My, asp = My, asz= -05(me 1),
field: & = 0.1,0.2,0.4,0.5, P = (1.1,1.3,1.5,1.7)x(10Y),

H=10 au—s=0, an=(1- e},  an— (1- 25 pic?),

. 1Ry) 1y qr LRY) 1y
as3 =0, a54:—’%<1—£T)q2012),assz—%<1—£T”)pzclz)
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where, (j =1,2,...,5) are the ratios of amplitudes of 6 = 90° but|Z3| arrives to unity also ad = 90°. It is seen
reflected thermal, P-, SV-waves and refracted thermal andhat with the influence increasingly the magnetic field, the
p-waves for the incident waves, respectively. amplitude ratio|Z;|decreases buZs|increases with an
wherem =mp=+/q2c2—1, mg=mu=/p2c2—1 increasing of magnetic field, but the amplitude rati6s
and |Z3| are affected slightly with an increasing of H.
pk@[cz<ro<1+m>+eTr1+eTroan+c§+%—iw(cgwczsmm)+m}. Also, it is obvious thatZs| decreases with the increased
(44)  values of H in the interval B<8<45° and increase with
increasing of H if 48<6<90°. FromFig. 5, it is clear
qz:@[cg(w%)mmmoé,)+%+M,iw<cgb+c‘ggﬂo,@),m], that Fhe|21|,|22|,|24| and|Zs| start from max'imum valges
(11)  andinterrupted to zero &= 90°but |Z3| arrives to unity
also at6 = 90°. It is seen that|Zi|,|Z»|,|Z4| and |Zs]
N— [CE(T0(1+RH)+£TT1+€TTOGJ)+<%+%*iw(t‘%TzaJrC}STToTldj)]z* decrease with an increasing of magnetic field H but the
4 (1wt C2C5 amplitude ratio|Zs| increases in the interval’@6<45°
o (46)  butdecrease with increase of H if#56<90° .
Fig. 6 depicts the variation of the reflection and refraction
coefficients with the angle of incidence of P-waves under
mg=mMg=/— —1 (47)  dual-phase-lag theory (DPL) in the presence of the
magnetic field and constant parameters. It is obvious that
|Z1] and |Zz| decrease with an increasing of H but
|Z5|,/Z4] and |Zs| are affected positively with the
increased values of the magnetic field H. Also, it is

Numerical results and discussion
In the view of ilustrate the numerical calculations, we use

the physmal quantities of the following media concluded thatZy|,Zs|,[Za| and|Zs| decrease tending to

For solid medium (M Crust) zero with an increasing of angle of incidence |

A=p=3x10°0N.m2, @ =10667x105K 1, w=75x10351 Tp=300K, increases with an increasing of angle of incidence tends to

Ce=11000Kg"K™,  p=2900Kgm?, K=3w.m 1K™ unity. Variation of amplitude$z| (i = 1,2, ...,5) with the

For liquid medium (M Water) angle of incidence of P-waves with variation Qf initial
stress, it is seen tha®;| and |Zs| increase with an

N = =204x1°N.m2, o —=69x10°K1, K =06wmLk-:,  increasing of initial stress P, buZ,|, |Z4| and |Zs|

C,=4187JKg LK1, p' =1000Kg.m3. decrease. In Fig. 8, we obvious that the amplitudes
|Zi|(i=1,2,...,5) are affected strongly by the influence

Consideringo=1,= 09, 11=1,=09, To=1,=  of electric field, it is noted thafzi|, |Z,|, |Zs| and |Zs|

0.8. have strong increasing effect with an increasing of

Fig. 3 appears the variation of the amplitudes ratios with electric field, but|Z,| decreases, physically this indicate
the angle of incidence of SV-waves for three models into the effect of electric field in the reflection and
thermoelasticity the couple theory (CD) and transmission coefficients and refers to practical results o
Green-Lindsay (G-L) theory, as well as the the phenomena.

dual-phase-lag theory (DPIJ|,|Z2|,/Z4|and |Zs|start  Finally, Fig. 9 depicts comparison between the
from maximum values and interrupted to zero atamplitudes of reflection and transmission coefficients
6 = 9C°but |Zgz|arrives to unity when the angle of |z|(i=1,2,...,5) which indicate thatZ;|, |Z»|, |Z4] and
incidencef = 90°. It is seen that dual-phase-lag theory |Zs| start from maximum values and interrupted to zero at
in|Z1|andZs|takes the smallest values comparing with the 8 = 90°but |Z3| arrives to unity also ab = 90°. The
existing of two relaxation times (G-L) while if there isn't effect of amplitude differences with changing the angle of
relaxation times (CD)|Z;1| andZs|take the largest value. incidence to wave$Z;| < |Z4| < |Zs| < |Z2] < |Z3] the

It is clear that Green-Lindsay (G-L) theof¥,| takes the  smallest affect&Z; |, but the largest affectZs|.

smallest values comparing with couple theory (CD) while

if there is relaxation times to dual-phase-lag theory (DPL)

|Z>| takes the largest value. It is display thas| makes a 4 Perspective

slight change for couple theory (CD) and dual-phase-lag

theory (DPL) theory but Green-Lindsay (G-L) takes the From the results calculated analytically and presented
line from the unity to unity. It is show that Green-Lindsay graphically in the context of (CD), (G-L) and (DPL)
(G-L) theoryZs| takes the smallest values comparing models and effect of gravity, initial stress,
with dual-phase-lag theory (DPL) but the couple (CD) electromagnetic field on the reflection and transmission at
theoryZs| takes the largest value (please see, Ref. [30])the interface between solid-liquid media under perfect
Fig. 4 displays the variation of the amplitudes with the boundary conditions are discussed and conclude the
angle of incidence of SV-waves for variation of initial following remarks:

stress under effect of magnetic field in the context of 1.The reflected amplitudes depend on the angle of
dual-phase-lag theory, it appears thZi|,|Z»|,/Z4] and incidence, gravity, initial stress, electromagnetic fieftl

|Zs| start from maximum values and interrupted to zero atthermal relaxation times.
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2.The initial stress and electromagnetic field play a[10] B. Singh, Reflection and transmission of plane
significant role that has the inverse trend for the reflected  harmonic waves at an interface between liquid and

and transmitted waves. micropolar viscoelastic solid with stretch, Sadhana
3.The three thermoelastic theories have aspects effects 25(6) (2000) 589-600. _ _
on the reflection and refraction phenomena. [11] R. Kumar and P. Sarathi, Reflection and refraction of

thermoelastic plane waves at an interface between two
thermoelastic media without energy dissipation, Arch.
Mech. 58 (1) (2006) 155-185.

4.Analytically, we see that the influence of gravity is
too clear in the results obtained in the secular equations

roots as well as in th? amplitudes ratios. [12] M.LA. Othman and Y. Song, Reflection of
5.In DPL model, it appears thaZy| < |Z| < |Zs| < plane waves from an elastic solid half-space under
|Z2| < |Za]; the smallest affectZ; |, but the largest affects hydrostatic initial stress without energy dissipation,
|Z3]. International Journal of Solids Struct., Vol. 44, pp.
6.It is observed that the electric field has strong effect  5651-5664 (2007).
on the reflection coefficient that has a lot of applications,[13] S.B. Sinha and K.A. Elsibai, Reflection of
especially, in seismic waves, engineering, earthquakes, thermoelastic waves at a solid half-space with two
volcanoes, and acoustics that are helpful for researchers relaxation times, Journal of Thermal Stresses, Vol. 19,
concerned with material science, designers of new  pp.763-777 (1996).
materials, low-temperature physicists, as well as forghos [14] A.N. Abd-alla, A.A.S. Al-Dawy, The Reflection
working on the development of a theory of hyperbolic ~ phenomena of SV waves in a generalized
propagation. Study of the phenomenon of rotation, thermoelastic medium, International Journal of

magnetic field and diffusion are also used to improve the _ Math. Math. Sci., Vol. 23, No. 8, pp. 529-540 (2000).
conditions of oil extractions30]. [15] A.N. Abd-Alla, A.A. Yahia and S.M. Abo-Dahab,

On the reflection of the generalized magneto-thermo-
viscoelastic plane waves, Chaos, Solitons & Fractals,
16(2), pp. 211-231.
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