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The aim of the present paper is to investigate surface waves in a non-homogeneous, isotropic, visco-elastic
solid medium of n-th order including the time rate of strain. The theory of generalised surface waves has firstly
been developed and then it has been employed to investigate particular cases of waves, viz., Stoneley, Rayleigh
and Love type. The wave velocity equations have been obtained for different cases and are in well agreement
with the corresponding classical result, when the effects of viscosity, temperature, magnetism as well as non-
homogeneity of the material medium are ignored.
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1. Introduction

The propagation of surface waves in a non-homogeneous elastic media is of considerable importance
in earth-quake engineering and seismology on account of occurrence of non-homogeneities in the earth crust,
as the earth is made up of different layers. The theory of surface waves has been developed by Stoneley,
Bullen, Ewing et al., Hunters and Jeffreys.

The effect of gravity on wave propagation in an elastic solid medium was first considered by
Bromwich (1898), treating the force of gravity as a type of body force. Love (1965) extended the work of
Bromwich (1898) and investigated the influence of gravity on superfacial waves and showed that the
Rayleigh wave velocity is affected by the gravity field. Sezawa (1927) studied the dispersion of elastic waves
propagated on curved surfaces.

The transmission of elastic waves through a stratified solid medium was studied by Thomson.
Haskell (1953) studied the dispersion of surface waves in multilayered media. A source on elastic waves is
the monograph of Ewing et al. (1957).

Biot (1965) studied the influence of gravity on Rayleigh waves, assuming the force of gravity to
create a type of initial stress of hydrostatic nature and the medium to be incompressible. Taking into account,
the effect of initial stresses and using Biot’s theory of incremental deformations, Dey modified the work of
Jones (1964). De and Sengupta (1974) studied many problems of elastic waves and vibrations under the
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influence of gravity field. Sengupta and Acharya (1979) studied the influence of gravity on the propagation
of waves in a thermoelastic layer. Brunelle (1973) studied the surface wave propagation under initial tension
of compression. Wave propagation in a thin two-layered laminated medium with stress couples under initial
stresses was studied by Roy (1984). Datta (1986) studied the effect of gravity on Rayleigh wave propagation
in a homogeneous, isotropic elastic solid medium. Goda (1992) studied the effect of non-homogeneity and
anisotropy on Stoneley (1924) waves. The interplay of a field with the motion of deformable solids has also
been undertaken by many investigators (Knopoff, 1956; Banos, 1956; Chadwick, 1957; Yu and Tang, 1966).
Yu and Tang (1966) discussed the dilatational and rotational waves in a magneto-elastic initially stressed
conducting medium. Brunelle studied the surface wave propagation under initial tension of compression.
Wave propagation in a thin two-layered laminated medium with stress couples under initial stresses was
studied by Roy (1984). Roy and Sengupta investigated the rotatory vibration of a general viscoelastic solid
sphere and also the radial vibration of a general viscoelastic solid sphere. The details are found in the work of
Eringen and Sahubi (1975). Datta studied the effect of gravity on Rayleigh wave propagation in a
homogeneous, isotropic elastic solid medium. Goda studied the effect of non-homogeneity and anisotropy on
Stoneley waves. Recently Abd-Alla and Ahmed (1996) studied Rayleigh waves in an orthotropic thermo-
elastic medium under gravity field and initial stress.

In this work, the problem of n-th order viscoelastic surface waves involving the time rate of strain,
the medium being isotropic and non-homogeneous has been studied under the influence of a magnetic field
and temperature. Biot’s theory of incremental deformations has been used to obtain the wave velocity
equation for Stoneley, Rayleigh and Love waves. Further these equations are in complete agreement with the
corresponding classical results in the absence of viscosity, magnetic and thermal field, non-homogeneity of
the material medium.

2. Formulation of the problem

Let M; and M, be two non-homogeneous, viscoelastic, isotropic, semi-finite media. They are
perfectly welded in-contact to prevent any relative motion or sliding before and after the disturbances and
that the continuity of displacement, stress etc. hold good across the common boundary surface. Further the
mechanical properties of M, are different from those of M>. These media extend to an infinite great distance
from the origin and are separated by a plane horizontal boundary and M, is to be taken above M,.

Let Oxyz be a set of orthogonal Cartesian co-ordinates and let O be any point on the plane boundary
and Oz points vertically downward to the medium M;. We consider the possibility of a type of wave traveling
in the direction Ox, in such a manner that the disturbance is largely confined to the neighborhood of the
boundary which implies that the wave is a surface wave.

It is assume that at any instant, all particles in any line parallel to Oy having equal displacement and
all partial derivatives with respect to y are zero. Further let us assume that u, v, w are the components of
displacements at any point (x, y, z) at any time ¢.

The dynamical equations of motion for a three-dimensional non-homogeneous, isotropic,
viscoelastic solid medium in Cartesian co-ordinates are

2
ot ot ot 0‘u
IR L

s 2.1a
Ox oy Oz o’ ( )
2
Oty | Oty | O3 _ 0 v (2.1b)
Oox oy Oz o’
2
013 N 0153 . Ot33 _ 0w 2.10)
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where p is the density of the material medium and t; =1 V¥, i,/ are the stress components.

ji
Let us consider that the medium is a perfect electric conductor. We take the linearized Maxwell
equations governing the electromagnetic field, taking into account the absence of the displacement current

(in system-international unit) in the form

curl h= j, 1)
curl E= —p,— Oh , (i1)
ot
div h=0 (iii)
where
h=curl (pxH,), (iv)
and Hi= (H())i + h.

We consider an orthotropic elastic solid under constant primary magnetic field H,, acting on the y-axis.

It is assumed that prior to the existence of any disturbance both the media are everywhere at the
constant absolute temperature 7)) .

The stress-strain relations for a general isotropic, thermo, viscoelastic medium, according to Voigt

are
2
= 2D, ¢;+(Dy A — DT +HjAD, )3, (2.2)
where,
A=a—u+ @+ W » Dy, D, Dg are elastic constants. 2.3)
o oy oz
Introducing Eq.(2.2) in Egs (2.1a), (2.1b), (2.1¢), we get
oD
D, A% pp T, pu Dy Ba—T+DH3[a—”+a—W}
Ox Ox H 8x2 Oox Ox Ox oz| 0z Ox
oD oD 2
[a” aw} Y H;D, 8—A+H02A he _ O (2.42)
0z Ox | oz ¢ Ox Oox or’
oD, oD, 2
D, Vvt 2 v v _ O (2.4b)
Ox Ox Oz Oz or?
oD, 2 oD,
“g(a_“a_w){au 8wj ZDuaw 28w b
ox\ 0z Ox 0z Ox ) Ox oz° 0z Oz
oD oD 2 (2.40)
+Dk6—A+AaD7‘ Dy or . H,D, OB b - O

Oz &z Po Oz cor 07 &2 o
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We assume that the non-homogeneities for the media M; and M, are given by

n aK n aK
mz mz
D, =Y hye 5K D= nge =K
K=0 K=0
D, = D =S e OF o
B ZBKe ~K° my (Me)Ke K’ pP=pPpc
Ot Koo Ot
and
n l aK n l aK ]
Di=z7u',<ezat—K, DH:ZM}&Z;, Dg= ZBKeZ ,
K=0 K=0
(2.5)
n aK l
Dy, = (u;)Ke’”Zat—K, p'=ppe”
K=0

where A,, M,, Ay, W, are elastic constants, whereas f3,, [, are thermal parameters p,, py, m, n are

constants. A g, ( H, ) X (K=0,1,2, .... n) are the parameters associated with K-th order visco-elasticity and By

and (ue)(K =1, 2, ..., n) are the thermal and magnetic parameters associated with K-th order. T is the

absolute temperature over the initial temperature 7;,.

Due to a temperature rise of the material medium, it has been observed that all the parameters
representing the elastic property, the effect of viscosity and thermal field depend on the temperature and
ultimately depend on time 7. In a thermo viscoelastic solid, the thermal parameters By (K =0, I, ...... n) are

given by Bx =( Ihg +2ug ) a,, where o is the coefficient of linear expansion of the solid.

2. \OA 5 ou awj oT o’u
G, +G,+H,G GVu+ G -Gy— =p)—, 2.6a
( A H 0 e ) (82 Ox P ox Po or’ ( )
G Vvt mGg, &= o (2.6b)
u wo, Po Py :
5\ A 5 ow or |
(G,+ GuH;G,, ) == —FGVIw + AGum + 2Gm S Gy o+
2 B o’w
-mGyT mH, DGue = p087 (2.6¢)
where,
n 8K n 8K
G?z ZKK_K’ GHZZHK_K9 Gﬁ ZBK K °
k= Ot ko O ot
2.7)
n aK 5 62 82
Gup = 2 (1e)x — 7 Vis st
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To investigate the surface wave propagation along the direction of Ox, we introduce the
displacement potential ¢ (x, z, ¢) and Y (x, z, ¢) which are related to the displacement components as follows

u=@—a—w, w=@+6—w. 2.8)
ox Oz 0z Ox

Substituting Eq.(2.8) in Eqgs (2.6a), (2.6b) and (2.6c), we get

2
GuVio+ mGs [ 22 M| gr 20 (2.92)
0z Ox 2
GV imG, & o (2.9b)
N S oz atg s .
2
GV +mGy 2+ 2magy =TV (2.9¢)
oz o
where,
2 _7\‘K+2HK+H0 (ue)K UZ :H_K
KR s KS s
Po Po
2
> _ Mk tH) (M) U3 _Bx
KP s KL )
Po Po
and
n 5 aK n 5 6K
GRZZUKR_K’ GS:Z,UKS_K’
k= Ot k= O
(2.10)
n aK n 5 aK
Gp =Y Upp—r, G, = —.
P Py KP 6tK L Py KL 6IK

To determine T, Fourier’s law of heat conduction is used

or 0
VT=C,—+T,G, —(V? 2.11
p TG —(V9) (2.11)

. .. . K, .
where K is the thermal conductivity and obeys the law as given by K =K,e"*, p = —2 and C, is the
Po

specific heat of the body at constant volume.
Further, similar relations in the medium M, can be found out by replacing Ag, Ug, Bx, Py by

Ay, Wxs Bk, pp and so on.



1226 M.Sethi, K.C.Gupta and M.Rani

3. Solution of the problem

Now our main objectives to solve Egs (2.9a), (2.9b), (2.9¢c) and Eq.(2.11). We seek the solutions in
the following forms

(00w, Tv)= [£(2).2(2).T1(2),h(z)] €. 3.1)

Using Eq.(3.1) in Egs (2.9a), (2.9b), (2.9¢) and Eq.(2.11), we get a set of differential equations for
the medium A as follows

df +2 f12 f+h1f+lotmf1g ngI 0,
2
d—f+m@+K12h= 0,
dz
3.2)
d’g . dg . > 2
—2>+2m—=+K,"g+ioml,” =0,
d22 dz 18 1 f
2 2
T
d L+ AT, + B %—oﬁf =0
dz dz
where,
S LNk
D Ugs (~iac) 22
17 =4 h =
n ’ n s
2 . K 2 . K
Z Ukr (—ZOLC) z Ukr (—1(10)
K=0 K=0
2.2
2 ac 2
K] = n -,
> Ugs (—iae)®
K=0
4 2 . K 4 2 . K
ZUKP (—lOLC) ZUKL (—zac)
I} =K : gl = £ : (3.3)
2 . K 2 . K
ZUKS (—zocc) ZUKR (—zocc)
K=0 K=0
Cjoc iacl;
A="Y"_qa7, B 0_g,,
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and those for the medium M, are given by

d 2 d .
d{+21f2 L on s vioif?g - g1, = 0,

2
E—é+l£ﬁ+53ﬁrzm
dz’ dz
(3.4)
2
2—§+2z‘;—§+1<;2g+ia1-1,’2f= 0,
Z

d’T d’f
+A'T, + B’ -
dz’ ! L dz’ fJ

where,

ZU zocc 55

2_ K= 2
S = , hy” = —a,

z U zocc z U zow

K = —a?, (3.5)

z U (—iac)K Z U zocc

— joc,
l/2_K_0 g!Z B':l CO_G]:.

z Uis (—iocc)K z Ui zac P

Equations (3.2) and (3.4) must have exponential solutions so that f; g, 7;, h will describe surface
waves, and they must become vanishing small as z — oo,
Hence for the medium M,

O (x, 2, 1)= { Aot 4 B e Cle—k3z}eia(x—ct)’
“I’l(x) Z, t): {Aze_}\f]z +B e_}\tzz +C e—)»_gz}el (X Lt),
(3.62)

T(x, z, t): {A}e_)b]z +B3e_7\422 +C36—k3z}eia(x—cl),

v (x, z, )= Cefk4z+io.(xfct),
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and similarly for the medium M,
o (x, z, 1)= {A}e_)"lz + B}e_wzz + C}eikkz } eia(x*cz),
v (x, z, 0)= {Aée_wfz + Bée_xzz + Céef}‘éz } eia(x_w),
(3.6b)
T (x,z, t)= {A}e_wfz + Bée_xzz + Cée_kéz}eia(x_a),
W(x, z, )= C,efk'l,zﬂ'oc(xfct)

where 1 ; and 7“.’1' (=1, 2, 3) are the real roots of the equation

AMHER +E M +EA +EAT +EM+E, =0 3.7)
where,

£, =2m {]+f12}, E,= K}+A + 4m>+ hi + Bg?

E,=2mA+2f] m(Kf + A)+2mh,2 +2mBg?, (3.8)

£, = AK? + 4m2Af12+(K12+A) n+o’m’ I} f7+ BK? g7 —o’ Be?,

Es=2mAK; 7+ 2mAhi — 2m o Bg7,

Es =AK; hi + Ao’ m’l; ff —a’B K7 g7,

MO ET BT AT T R e +E =0 (3.9)

where,

g = 20{1 + 7}, gy= K7+ 4 + 47+ 1+ Bgf,

Ey= 204+ 2Uff (K7 +4)+ 207 + 2IB'gy,

Ey= AKP + 44 f77+ (K7 + 4') i+ P17 £+ B K} g — o’ B' g,
Es= 214K} )7+ 214'h)} — 210’ B'g)

&y = AKP WP+ A’ Pl f17 —o’B K} g, (3.10)
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and g, :,z{m+(m2—4K,2)%}/2, 1+(12—4K}2)%/2

where the symbols used in Egs (3.8) and (3.10) are given by Egs (3.3) and (3.5).
The constants Aj, Bj, C] (j =1, 2, 3) are related with 4;, B'j, C'j (j=1,2,3)in Egs (3.6a) and (3.6b)
by means of first equations in Eqgs (3.2) and (3.4).

Az Az

Equating the coefficients of e'Mz,e'Mz,e'Mz,e ,e ,e'kéz to zero, after substituting Eqs (3.6a)
and (3.6b) in the first and 3rd equations of Eq.(3.2) and Eq.(3.4), respectively, we get

4, = v,4, By=1v,B, C=v;C,
and A3=61A], B3= 623], C3= 63CI (311)
where,

—iocml,z .

Yj: 2 P ]:(]azaj)a

8 —i[xz 2m P+ W+ iomff ] =1, 2,3

j—g2 joemjp A pHiomfiy; |, J=1, 2, 3.

1

A similar result holds for the medium M, and usual symbols are replaced by dashes respectively.

4. Boundary conditions

(1) The displacement components, temperature and temperature flux at the boundary surface between
the media M, and M, must be continuous at all times and positions

ie., [u,v,w,T,pa—T} =[u,v,w,T,p’a—T} .
oz |y, oz ly,

(i1) The stress components T3;, T3,, T33 must be continuous at the boundary z = 0,

Le., [1:31, T35, 133]M1 =[r31, T3, 133]M2 at z=10, respectively

where,

2 2 2
Tj]:D 2 0 (I) +6 \V_a hd ,
Ploxoz ox? o

—, “4.n

%
822 Oox 0z

]—DBT+DWH02V2¢.
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where,

and

Applying the boundary conditions, we get

AI(I - i'Y]CI)"-BI(] - iy2Q2)+C1(] - iy3C3)—A}(1 B i/y3CI1)+
~By(1-iv5Cy)~Ci(I-iy;L5)=

c=C,

Ay (v + i€, )+ By (v, + i, )+ Cy (vs+ iC3) — A (v + iC) ) +
= Bi(y5+1iC5) - Cp(vs+iCs) =

PAS A+ phydy By+ ph3d;C) — p'Ai8) A) + p'A58Y, By — p'A305C =0,

Mk [(21' G+ +G] Y1) 4 +(2iC2 Yo+ Célz)& + (ZiC3 Yzt C?%)QJ =

:M;[(2’§1+Y1+C'12Y’1)A1 (2l€2+Y2 +C’22Y'2)BI (21§3+Y3+§§2Y§) '}
Mk [-1,C]= W [-24C,
a1+ )c (6 1)+ 2w (67 i, ) - is, |+
[ )(Cz —] +2HK C2_1C2) BZSZ}F
+C,[ x +(1e), ) +2M1< g3 - iCs)—B;33}=
[ 1)

= | (M () 13 ) (67 = 1)+ 20 (67 - i) s |+
By | (i () 13 ) (6 1)+ 20 (65 —ic5) - By |+
Cif (1 + () 13 (27 —1) + 208 (65 -5 ) B,
gjz%, g;:%}, ji=1,2,3
szzn:XK( zcxc)K, u;—zn:u,((—zac) ,

K=0 K=0
Bic= 3" B (i) (1) = 3 () (-iae)",

(4.22)

(4.2b)

(4.2¢)
(4.2d)

(4.2¢)

(4.2f)

(4.2g)

(4.2h)
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n n
Mg = D A (-iae)® we= 2wk (-ioe),
K=0 K=0
N n K " n K
Pr= DB (~iac)”, (o) = 2 (1) (wiae)™.
K=0 K=0

From Eqgs (4.2b) and (4.2g), we have C = C’ = (. Thus there is no propagation of displacement v.
Hence SH-waves do not occur in this case.
Finally, eliminating the constants 4;, B, Cy, A'7, B';, C';, from the remaining equations, we get

det(al'j)IO, i;j:17233:47576

where,
app=1-1y,G;, apy =1-1y,C;, a;3=1-1iy3C;s,
a=(iv;C-1), ars=(iv5C5 —1), ar = (i v5C5 - 1),
ay =Yy +iC;, ay=v,+ iCy, ay="v3+iCs,

ayy = vy + iCh), ays=(y5 +iCh), ays=(v5+ iC5),

— _ — _ ’ _ ’
az; =9, az; =90,, asz; =03, azy=-9}, azs =—9,,
!
azs =—03, ay = ph;d;, asp=ph;y8;, ay3=phsd;,
mit ! mit ! mit !
az=—p'\o}, ays=—p'A505, as5=—p'A505,

as;=pg (ZiCJ +Yy +Y1C§)a as, = pg (2iC2 +V2+72€§)’
(4.3)
* . 2 * Lt ' 1 #12
ds3=MHg (21C3 V3 +Y3C3), dsqy=MHg (2”;1 Y1+ ViG] )’
ass =k (20475 +7iCF ). as=w (20 +ys +iET).

gy =¥ + (e )y 17 )(6F = 1)+ 20 (&5 -6, )~ Bicd,

(23 - 1)+ 2k (63 -1 ) -Bid.,

Il
—_
>

=

+
—~
=

o
~—
>~
X,

ds2

ags =i + (o) 7 ) (6 = 1)+ 20k (& -iC5) - B,



1232 M.Sethi, K.C.Gupta and M.Rani

asa =i+ (o) H7 (67 = 1)+ 20 (7 i) )~ Bes,
(i + () HE (& 1)+ 20 (& ~i2) - B,

a66=(}‘;+(“;)2H(§)( 3 —1)+2H1<( '32—1'5'3)—[3'1:5'3-

From Eq.(4.3), we obtain the velocity of surface waves in a common boundary between two
viscoelastic, non-homogeneous solid media under the influence of the thermal and magnetic field, where the
viscosity is of general n-th order involving the time rate of change of strain.

5. Particular cases

Stoneley waves:

They are a generalised form of Rayleigh waves in which we assume that waves are propagated along
the common boundary of two semi-infinite media M; and M>. Thus Eq.(4.3) determines the wave velocity

equation for Stoneley waves in the case of general magneto-thermo viscoelastic, non-homogeneous solid
media of n-th order involving the time rate of strain. Clearly, from Eq.(4.3) it is follows that the wave
velocity equation for Stoneley waves depends upon the non-homogeneity of the material medium,
temperature, magnetic and viscous field. This equation, of course, is in good agreement with the
corresponding classical result, when the effects of the thermal, magnetic and viscous field and non-
homogeneity are absent.

Rayleigh waves:

To investigate the possibility of Rayleigh waves in thermo viscoelastic, non-homogeneous elastic
media, we replace media M» by vacuum, in the proceeding problem. We also note the SH-waves do not

occur in this case.
Since the temperature difference across the boundary is always small, the thermal condition is given

by

T hr=0 at z=0, respectively. (5.1)

z

Thus Egs (4.2f) and (4.2h) reduce to,
(Zi Cr+vi +Y1Cj) 4, +(2i Co+72 +Y2C§) B+ (Zi C3+73 +Y3C§) Cr=0, (5.2a)
[ e )
+[(K (ue)j< 3)
K+

+[(x* + ue)j< Hg)

(67 ~1)+ 2mi (67 —ic, )~ Beds | A+

(
(

1
&3 —])+2HK(Q2 lgz) B;<52] B+ (5.2b)
C3

3 1)+ 20k (63 ity ) -Bds | €0,
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From Eq.(5.1), we have

(A, = h)8,4;+ (Ay—h)8,B;+ (A3 —h)8;C;=0. (5.2¢)
Eliminating 47, B; and C; from Eqgs (5.2a), (5.2b) and (5.2¢), we get

det (b,)= 0, i,j=1,2,3 (5.3)

where,

b11=(2i Ci+ys +Y1C5)’ b12:(2i Co+7s +Y2C5)’ b13:(2i Cs+v3 +Y3C§)’

b= (%5 + (e )i 17 (65 1)+ 20k (6 —i2,) - B |

by =| (R + (e 17 ) (63 ~1)+ 20 (&3 -15) - s | (54)
bas=| (R + (e 17 (63 1)+ 20k (& -1, - Bids |

by =(A =h)S;, by =(hs—h)S, by = (h;—h)d;.

Thus Eq.(5.3), gives the wave velocity equation for the Rayleigh waves in non-homogeneous,
magneto-thermo viscoelastic solid media of n-th order involving time rate of strain.

From Eq.(5.3), it follows that the dispersion equation of Rayleigh waves depends upon the non-
homogeneity, the viscous, magnetic and thermal fields.

This equation, of course, is in complete agreement with the corresponding classical result by Bullen,
when the effects of the thermal, magnetic viscous field and non-homogeneity are absent.

Love waves:

To investigate the possibility of Love waves in non-homogeneous, viscoelastic solid media, we
introduce medium M, which is obtained by two horizontal plane surfaces at a distance H-apart, while M,

remains infinite.

For the medium M, the displacement component v remains same as in the general case given by
Eq.(3.6).

For the medium M, we preserve the full solution, since the displacement component along the y-axis
i.e., v no longer diminishes with increasing distance from the boundary surface of the two media.

Thus V=G, ekgzﬂ'a(xfct) +C, efk'l,erio.(xfct) (5.5)
In this case, the boundary conditions are

(1) vand 73, are continuous atz = 0
(i) 13, =0atz=-H.
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Applying the boundary conditions (i) and (ii) and using Eqs (3.6) and (4.2), we get

C=C,+C, (5.6)
— g MC=(p ) * [MC) = MG, (5.7)
C e —c, MM =y, (5.8)

On eliminating the constants C, C, and C, from Eqs (4.3), (5.1) and (5.2), we get

My H*K

tanh (/1’ I —
’ Ay (HK)*

(5.9)

Thus Eq.(5.9) gives the wave velocity equation for Love waves in a non-homogeneous, magneto,
thermo viscoelastic solid medium of n-th order involving the time rate of strain. Clearly, it depends upon the
non-homogeneity, magnetic and viscous fields and it is independent of the thermal field.

6. Discussion and conclusions

The present study reveals the effects of non-homogeneity, viscous, magnetic and thermal fields in the
wave velocity equations corresponding to Stoneley waves, Rayleigh waves and Love waves.

Further, it is found that viscoelastic surface waves are affected by the time rate of strain parameters.
These parameters influence the wave velocity to an extent depending on the corresponding constants
characterizing the magneto thermo and visco-elasticity of the material. So the results of this analysis become
useful in circumstances where these effects cannot be neglected. These velocities depend upon the wave
number o confirming that these waves are affected by non-homogeneity of the material medium. Some
special cases of this study in a homogeneous medium under the influence of gravity have been discussed by
several authors including Sengupta ef al. and Das.

Also it is noted from Eq.(5.9) is that Love waves do not depend on temperature; these are only
affected by the viscous, magnetic fields and non-homogeneity of the material medium. In the absence of all
fields and non-homogeneity, the dispersion equation is in complete agreement with the corresponding
classical result.

Further, for Rayleigh waves in a non-homogeneous, general magneto-thermo viscoelastic solid
medium of higher order including the time rate of change of strain we find that the wave velocity equation
proves that there is dispersion of waves due to the presence of non-homogeneity, temperature, magnetic field
and viscosity. The results are in complete agreement with the corresponding classical results in the absence
of all fields and compression.

It is noted that the wave velocity equation of Stoneley waves is very similar to the corresponding
problem in the classical theory of elasticity. Here also there is dispersion of waves due to the presence of
non-homogeneity, magnetic field, temperature and the viscoelastic nature of the solid. Also wave velocity
equation of this generalized type of surface waves in non-homogeneous magneto, thermo viscoelastic solid
media of higher order including the time rate of strain is in complete agreement with the corresponding
classical result in the absence of all fields and non-homogeneity.

Further, the solution of wave velocity equation for Stoneley waves cannot be determined by easy
analytical methods. However, we can apply numerical techniques to solve this determinantal equation by
choosing suitable values of physical constants for both media M, and M,.
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Nomenclature

Y strain components
H, —primary magnetic field
tyg — absolute temperature
BK (K=1,2,...,n) —thermal parameters
o> B Mg, W' — elastic constants
XK, M (K =1,2, ....n) — parameters associated with K-th order visco-elasticity
(me) (K=1,2,....,n) —magnetic parameters

p —density of the material medium
¢, w and v — associated with P waves. SV waves and SH waves
Ty iy=123 - Stress components

, o0 8 .
V‘=—+— — Laplacian operator
a’ o

References

Abd-Alla A.M. and Ahmed S.M. (1996): Rayleigh waves in an orthotropic thermoelastic medium under gravity field
and initial stress. — J. Earth, Moon Planets, vol.75, pp.185-197.

Biot M.A. (1965): Mechanics of Incremental Deformations. — J. Willy.

Bland D.R. (1960): The Theory of Linear Viscoelasticity. — London: Pergamon, Monograph on the Subject Contains
Many Cases of Stress Analysis.

Bromwich T.J. (1898): On the influence of gravity on elastic waves, and, in particular, on the vibrations of an elastic
globe. — Proc. London Math. Soc., vol.30. pp.98-120.

Brunelle E.J. (1973): Surface wave propagation under initial tension or compression. — Bull. Seismol. Soc. Am.,
vol.63, pp.1895-1899.

Bullen K.E. (1965): Theory of Seismology. — Cambridge University Press.

Chattopadhyay A., Gupta S., Sharma V.K. and Kumari P. (2010): Effect of point source and heterogeneity on the
propagation of SH- waves. — Int. J. of Appl. Math. and Mech, vol.6(9), pp.76-89.

Chattopadhyay A., Gupta S., Sharma V.K. and Kumari P. (2010): Propagation of G-type seismic waves in viscoelastic
medium. — Int. J. of Appl. Math. and Mech, vol.6(9), pp.63-75.

Datta B.K. (1986): Some observation on interactions of Rayleigh waves in an elastic solid medium with the gravity
field. — Rev. Roumaine Sci. Tech. Ser. Mec. Appl., vol.31, pp.369-374.

De S.K. and Sengupta P.R. (1974): Influence of gravity on wave propagation in an elastic layer. — J. Acoust. Soc. Am.,
vol.55, pp.919-921.

Eringen A.C. and Sahubi E.S. (1975): Linear Theory of Elastodynamics. — New York: London Academic Press, vol.2.
Ewing W.M., Jardetzky W.S. and Press F. (1957): Elastic Waves in Layered Media. — New Y ork: McGraw-Hill.
Flugge W. (1967): Viscoelasticity. — London: Blaisdel.

Goda M.A. (1992): The effect of inhomogeneity and anisotropy on Stoneley waves. — Acta Mech., vol.93, No.1-4,
pp-89-98.

Haskell N.A. (1953): The dispersion of surface waves in multilayered media. — Bull. Seis. Soc. Amer., vol.43, pp.17-34.

Hunter S.C. (1970): Viscoelastic Waves, Progress in Solid Mechanics. — 1. (ed: Sneddon I.N. and Hill R.) Cambridge
University Press.

Jeffreys H. (1970): The Earth. — Cambridge University Press.



1236 M.Sethi, K.C.Gupta and M.Rani

Jones J.P. (1964): Wave propagation in a two layered medium. — J. Appl. Mechanics, pp.213-222.
Lamb H. (1926): On waves in elastic plate. — Proc. R. Soc. (London) A93, pp.114-128.

Love A.E.H. (1965): Some Problems of Geodynamics. — London: Cambridge University Press.
Paria G. (1960): Love waves in granular medium. — Bull. Calcutta. Math. Soc.52, No.4, pp.195-203.

Roy P.P. (1984): Wave propagation in a think two layered medium with stress couples under initial stresses. — Acta
Mechanics, vol.54, pp.1-21.

Sengupta P.R. and Acharya D. (1979): The influence of gravity on the propagation of waves in a thermoelastic layer. —
Rev. Romm. Sci. Techmol. Mech. Appl., vol.24, pp.395-406.

Sezawa K. (1927): Dispersion of elastic waves propagated on the surface of stratified bodies and on curved surfaces. —
Bull. Earthq. Res. Inst. Tokyo, vol.3, pp.1-18.

Sharma J.N. and Kaur D. (2010): Rayleigh waves in rotating thermoelastic solids with voids. — Int. J. of Appl. Math.
and Mech., vol.6(3), pp.43-61.

Stoneley R. (1924): Elastic waves at the surface of separation of two solids. — Proc. R. Soc. A, vol.806, pp.416-428.

Voigt W. (1887): Theoretische studien iiber die elasticitdtsverhdltnisse der krystalle. — Abh. Gesch. Wiss, vol.34, pp.3-
51

Received: May 20, 2012
Revised: June 26, 2013



