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Abstract: The present study reveals the effects of various parameters and non-homogeneity on the surface waves propa-
gating in viscoelastic medium. The theory of generalized surface waves has firstly been developed and then it has been
employed to study the surface waves. Dispersion relation for Stoneley waves, Rayleigh waves and Love waves has been
deduced. It has been observed that in the absence of viscosity, temperature, gravity, magnetism, couple stress and non-
homogeneity of the material medium, the results obtained are in well agreement with the corresponding classical results.
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1. Introduction

When seismic waves propagate underground, they are in-
fluenced not only by the anisotropy of the media, but also
by intrinsic viscosity of media given by Carcione [1].
Therefore, in order to accurately describe the underground
propagation of the seismic waves and then more precisely
guide seismic data acquisition, processing and interpreta-
tion, media models should be chosen that can simultaneous-
ly imitate anisotropic characteristics of formation and vis-
coelastic characteristics for numerical simulation and anal-
ysis of wave fields As a result, the theory of surface waves
has been developed by Stoneley [2], Bullen [3], Ewing et.
al. [4], Hunters and Jeffreys [5].

The effect of gravity on wave propagation in an elastic
solid medium was first considered by Bromwich [6], treat-
ing the force of gravity as a type of body force. Love [7]
extended the work of Bromwich investigated the influence
of gravity on superfacial waves and showed that the Ray-
leigh wave velocity is affected by the gravity field. Sezawa
[8] studied the dispersion of elastic waves propagated on
curved surfaces.

The transmission of elastic waves through a stratified
solid medium was studied by Thomson [9]. Haskell [10]
studied the dispersion of surface waves in multilayered

media. A source on elastic waves is the monograph of Ew-
ing, Jardtezky and Press [11]. Biot [12] studied the influ-
ence 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 in-
cremental deformations, Dey modified the work of Jones
[13]. De and Sengupta [14] studied many problems of elas-
tic waves and vibrations under the influence of gravity field.
Sengupta and Acharya [15] studied the influence of gravity
on the propagation of waves in a thermoelastic layer. Bru-
nelle [16] studied the surface wave propagation under ini-
tial tension of compression. Wave propagation in a thin
two-layered laminated medium with stress couples under
initial stresses was studied by Roy [17]. Datta [18] studied
the effect of gravity on Rayleigh wave propagation in a
homogeneous, isotropic elastic solid medium. Goda [19]
studied the effect of inhomongeneity and anisotropy on
Stoneley waves. Recently Abd-Alla and Ahmed [20] stu-
died the Rayleigh waves in an orthotropic thermoelastic
medium under gravity field and initial stress.

Recently, Kakar et al. [21-25] investigated various sur-
face waves in non homogeneous viscoelastic media of
higher order under gravity. However, the effect of couple
stress on surface waves has not been discussed so far, there-
fore authors have solved the problem of n™ order viscoelas-
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tic surface waves under gravity and couple stress involving
time rate of strain. In this study, it is assumed that the sur-
face waves are propagating in isotropic, non-homogeneous
and viscoelastic medium under the effect of various para-
meters such as temperature, magnetic field, gravity and
couple stress. The dispersion relations are obtained for
Stoneley, Rayleigh and Love waves by using Biot’s theory
of incremental deformations. has been used to obtain the
wave velocity equation. Further these equations are in
complete agreement with the corresponding classical results
in the absence of various inhomogeneities of the material
medium.

2. Formulation of the Problem

Let M; and M, be two non-homogeneous, viscoelastic,
isotropic, semi-finite media (Fig.1). 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;.

M:

- . -,

Surface Waves Surface Waves

—_— 0—»

e e

Surface waves l\l] Surface Waves

- \ 4 -
Semi-infinite

Magneto-Thermo, Nonhomogeneous, Viscoelasic Media
Fig.1. Geometry of the problem.

Let Oxyz be a set of orthogonal Cartesian co-ordinates
and let O be the 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 con-
fined to the neighborhood of the boundary which implies
that 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 is the components of displacements at any point
(X, y, z) at any time t.

It is also assume that gravitational field produces a hy-
drostatic initial stress is produced by a slow process of
creep where the shearing stresses tend to become small or
vanish after a long period of time. The equilibrium condi-
tions of initial stress are

or or
—=0,—+,0g=0 la
PR (1a)
Also, [12]
T, =0,,=T
11 33 (1b)
7, =0.
The dynamical equations of motion for three-

dimensional non-homogeneous, isotropic, viscoelastic solid
medium in Cartesian co-ordinates with Eq. (1) are

or,, Jr,  Jr, ow_  J’u

+ + By pe=pl — 2
ox ay oz P P
or,  or, 01, ow_ o

+ + +pg—=p—, 2b
ox  dy a9z P8a P (26)
or,  Or, 1, ou ov)_ J'w
i ERF Rl & B T < i = .
ox oy a: P2lax Ty )P a0

Where p be the density of the material medium and

i

that the medium is a perfect electric conductor, we take the
linearized Maxwell equations governing the electromagnet-
ic field, taking into account absence of the displacement
current (in system-international unit) in the form

=7, ¥~ 1, j are the stress components. Let us consider

O0E =0

Om =0

FxE=--98B : (1)
0t

S — 0E

0 xB = & —.
/'Ie eat

Where, E s § , M,and &, are electric field, magnetic field

induction, permeability and permittivity of the medium.
The value of magnetic field intensity is

H(0,0,H) =Ho +Hi 4)

We consider an orthotropic elastic solid under constant
primary magnetic field ﬁ acting on y-axis and ﬁi is the
perturbation in the magnetic field intensity.

It is assumed that prior to the existence of any distur-
bance both the media are everywhere at the constant abso-
lute temperature Ty).

The stress-strain relations for general isotropic, thermo,
viscoelastic medium, according to Voigt are [26]

Tjj= 2DH ejj (D) A- DB T +HO2 ADme ) 8jj ()

where,



10 Rajneesh Kakar et al.: Effect of gravity on stoneley, rayliegh and love waves
propagating in viscoelastic media of higher order

du 07v aw

=5 7y 5, and D), D, Dg are elastic constants.

Introducing Eq. (5) in Eq. (2a), Eq. (2b), Eq. (2¢), we get

D, o"'A+A dD
Ox é’x
2 D
2D, %M 40 94 P00
”é’x Jx Ox
0,200, 2 [0
Ox oz | dz Ix
0"2 Jx | 0z
0"D
H, D, ﬁ—D+HA
Ox 0"x (6a)
+p a—w-pﬁz
o F a8
p, v+ X OPu, v OB, _ 0 g
dx Ox dz 0Oz ot
V74 (ﬁu o"wj (o"u ﬁwja
p 2 |%%,
Hox\dz Ox Jdz Ox ) Ox
2 oD
+2p, W4 p 0V D,y A
Jz* Jz Oz oz
oD
+0 95 —Dﬂﬂ—T £
0z 0z 0z
dD 2
H; D, D o= pg Z—Z_pi,;.mc)

We assume that the non-homogeneities for the media My
and M are given by

n dK
Dy = Ace™ 2
K=0

K

u 0
D — mz ,
H KZ::‘) Hee 5%

K

DB Z ﬂK " b
n dK 5
D, =) (K)e" —
e I;) K de

N aK 5

D, =Y ne”

K=0

p=poc™?
and
n dK
D'/lz Av 1z
,;) S
n dK
D — [ lz_
U KZ:OﬂKe oK
n . o')K
DS = e’
& KZ:OﬂK ZZA (7)

n K
=Y (W)e™
,;) oot
N K
' Iz
=2.1MT«e 7x
T
p'=piye

where Ag, M), A'g, W are elastic constants, whereas f3),
B’O are thermal parameters are PO> p’O, m, n are constants.
)\Kh, e (K : 0,1,2,
K™ order viscoelasticity and BK and (pe)K K=12,...,n)

are the thermal and magnetic parameters associated with
K™ order. T is the absolute temperature over the initial tem-
perature To’

n) are the parameters associated with

Due to temperature rise of the material medium, it has
been observed that all the parameters representing elastic
property, the effect of viscosity and thermal field depends
on the temperature and ultimately depends on time t. In a
thermo viscoelastic solid, the thermal parameters Bg (K =0,
1, ... n) are given by BK = (3)\K + 2pK) ¢, where oy be the
coefficient of linear expansion of solid.

(6,00, v156,)

mGﬂ[du+ dwj+mD2

+Gﬂ[|2u

*w  0%u
Oxaz_(?? G (8a)

dz Ox

072% 2%
2 _
B Gum P
)é +AG,m

(8b)

(6,+6,+H;G,

z ox0z 0z

au _ é’zw
po

2 2
+2G,m + 2G m%+ Dz[a ld —a”jG,] (8¢)
- mGy TmH, AG, -pg—

where,
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©)

To investigate the surface wave propagation along the di-
rection of Ox, we introduce displacement potential @ (x, z, t)
and Y (X, z, t) which are related to the displacement com-
ponents as follows:

9 _Y
ox 0Oz
o"qo o"t// 10)
ﬁz Jx

The displacement potential @ (X, z, t) and Y (X, z, t) in Eq.
(10) satisfy the following Laplace equation (known as dila-
tion and rotation and are associated with P and SV waves)

D=0 0% _p
Oox 0z
ow Ou (10a)
O =—-—=2Q
v ox 0z

Substituting Eq. (10) in Egs (8a), (8b) and (8c), we get

%%
G 02 G 229,
7@ S( 0z ﬁxj

W I
dx I

ov

S 0z

- GLT+g— (11a)

0%

G, 02 v+ mG —
ot

(11b)

44

+

2
G, 0°y+mG, .

2
2m Gy Z—i/Gq o4y —ga—¢) Y l,l/, (11c)

0. or’
Where,
2 /]K + 20, +H§(m6)1<
H Py
Hy
Ugs = —.
)
UZ _ AK +H02(me)K
"P Py
U2 _ &
KL 2,
and
X 2
G= 1;) UKR Fr
n dK
Gg=> Ul —,
S 1;) KS NS
G, Z UKP Fr

< 2
G,= ZUKL —,
K=0 d

9%
2
G,=% Ui, 2 o (n
K=0
To determine T, Fourier’s law of heat conduction
2 dT d 2
p0T=C, —+1,G, — (U @], (13)
v t 0 L dt ( )

where K be the thermal conductivity and obeys the law

K
as given by K =KO0 emz, p = — and C  be the specific
0
heat of the body at constant volume.
Further, similar relations in medium M, can be found out

by replacing A_, W, B, p, bY ', W',» B’ p', and so on.

3. Solution of the Problem

Now our main objective to solve Eq. (11a), Eq. (11b), Eq.
(11c) and Eq. (13), for this, we seek the solutions in the
following forms.
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@Y. TV=[f(2),V (@, T (2),h@]ea&-ch) (14) = -21d?,
Using Eq. (12) in Eq. (9a), Eq. (9b), Eq. (9¢c) and Eq. F =g’ +a* - a’c’
(11), we get a set of differential equations for the medium ! Gq ’
M; as follows:
d2f+2 e °f+h > A:CLHYC—aaB lacT’G
dz’ ! p p
Hiamf + lag) h-g’T =0 and those for the medium M are given by
dv v ——
dzz+m¥+DlV—0 df+2 fzdf'*'hf
M+Czdh 2E2dh +(iamf1 +iag)h-g’ T =0,
dz* dz’ dz
+F2h+(Gaml? -iag) f =0 V@ D2y =0
dz’ dz
d°T, d*f
+ AT, +B -a 15
de 1 (d f} ( ) d4];l +C2dh+2E2dh
dz dz’ dz
where, +E2h+(aml” -iag) f =0,
" U12<s (—ia’c)
f2= £20 : dTl+AT+B(df azf'jzo.
Ul (-iac) dz* dz*
K=0
where,
a’c? )
hy2= P SR
1 Ui (Fiae) ’ ZU;S (-iac)

>~

Cl=-(2a’+d}),

o DUk ey
dj = —=+£2

Y, Ul (-iac)

=0

=

=

(couple-stress parameter).

n =42 ,
Sz (-iac)
K=0
2 2
hyZ= ~a C o
S U2 (-iac)
K=0

dl'z _ 54 K=0
Y S Uz (-iac)
K=0

(couple-stress parameter).

E’=-2ld’,
2.2
F*=a’l’+a —a,c ,
Gq
5 a’c’ _g?
DI"=s vz (ciae)s >

(16)

(I
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S U2, (-iac)*

11.2 _ K=0

3 U2 (-iac)*
K=0

>

S U (-iac)*
Q2 _ k=0

S U, (-iac)*

K=0

Ciac , iacT,
AV_VT—a ’Bl: —' G!L

g1

>

(18)

Eq. (15) and Eq. (17) must have exponential solutions in
order that f, j, T{, h will describe surface waves, and they
must become varnishing small as z — co.

Hence for the medium M

(2=
{Al e—/llz +B1 e—/\zz + Cl e—/l3z +D1 e—A4z} eia(x—ct)

Wx, z )=
{A2 e—/llz +B2 e—/lzz + C2 e—/l3z +D2 e—/l4z} eia(x—ct)

T(x,zt)=
Az Az -Ayz Az ia’(x—ct)
{A3e “+B,e ™ +(C,e ™ +D,e 4}e

—Ayz+ia(x—ct)

v(x,z,t)= FEe (19a)

For finite disturbances as z — oo.for medium M; must
hold Re(A;)>0 for i=1,2,3,4,5.
Similarly for the medium M are given by

0 zt)=
{A'l e_/]llz +B|1 e_/vzz + C'l e_A':;Z + D'l e—)'4z} elﬂ(x—ct)

lIJ (Xa z, t) =
{sz e—/l'lz +B|2 e—/l'zz + C|2 e—/l'3z +Dv2 e—/\'4z} elﬂ(x—Ct)

T(x,zt)=
{Av3 e—/i'lz +B'3 e—ﬂ'zz + Cv3 e—/l'3z +D|3 e—/ﬂz} ela(x—ct)

vx 7, 0= Ele b (19b)

For finite disturbances as z — — c.for medium M, must
hold Re(A'})<0 for i=1,2,3,4.5.

Where )‘j and )\’j (G =1, 2,3, 4) are the real roots of the
eqns.

M +E AT +E MO+ EZ N+ E4 N +HES N3+ EQMZHE7N +Eg =0, (20)

where,

&1 =2m f12, Sy =A+ Bg12+ h12 + C12,

&3 =2mAf]2 +2m C 2|2 + B2

£4 = Ahj2 + Ba2g2 +A C12 + C;2h 2 + 2 m2 E2 £;2 +BC 2g;2,

2

&5= 2mAC12 f12 +AE12+ BE12g12 + E12h12 + 2mf12F12,

£ 6 =AC;2h;2-a2BC;2 g1 2+ 2Am E2 172+ F12(A+B g;2 +h;2) — ia (K 2f;2 + gK;2)

&7=AE12h? -

Ba2E 2 g)2 +2Am F{2 2,

£g = (Ah;2 - Ba2g2) F12 —ia Ky 2f2(Am £ 2 + g).

)\'8 + E'l )\'7 +E'2 )\'6 +El3 )\'5 + 2’4 )\v4 + E’S )\v3+E|6)\v2+ 2'7)\' + E’S =0

where,

(22)

g1=2mf2 & =A'+ By 2+ 02+ )2,

§'3=2mA'f|2 +2m C'|2f ;2 + E'|2

E’4 :A|h|12+Bva2g|12 +A' C|12+Cv12hv12+2m2 El12 f12 +B'C'12g'12,

@1

§'s =2mA'C'|2 '|2 + A'E'| 2+ BE'|2g'| 2 + E'12h' 2 + 2mf' | 2F'; 2,
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§6=A'C'12 1 2-a2B'C'|2 g'12+ 2A'm E'2 12+ F'|2(A+B'

g12 +h'p2) —ia(K' 22 + gK'p2)

§7=AE12h2-Ba?E 2 g2 +2Am F2 12,

E’S — (Avhtlz o thzgtlz) F12

Where the symbol used in eqns. (21) and (23) are given
by eqns. (16) and (18). The constants J’ J’
3,4) are related with A';, 3 3 4) in Eq
(19a) and Eq. (19b) by means of ﬁrst equatlons in Eq. (15)
and Eq. (17).

Equating the coefﬁcients of

e_"'z, e”‘zz _’1‘2 12 e_ﬂyzz, e e to zero,

after substituting Eq. (19a) and Eq. (19b) in the first and
3rd equations of Eq. (15) and Eq. (17) respectively, we get

“Ayz Az

A2=v1 A1, B =y By, C2=y3 €1, Dy =y4 Dy
and
A3=81 A, B3 =8 B, C3=83C1, Dy =8 Dy (24)
where,
_K12 .
/1j4 +C12/1j2 _E12/1j +F12 (J

yj: = 152’ 35 4)5

1
6j: ? [}\J2 —2m f12 }\J + h12 +ig m f12 Y]],
1

j=1,2,3,4.

Similar result holds for medium M and usual symbols
replacing by dashes respectively.

4. Boundary Conditions

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

—ia K'[2f12(A'm f {2 + g).

i v,w, T, ,—+hT
ie. [” pé’z Jz

oT oT }
M

0"2 Jz M,

(ii) The stress components 131, T3, 133 must be conti-
nuous at the boundary z = 0.

[u, v,w, T

ie. [Tw I3, T33’/J32]M1: [T31, I3, 335:“32]

at z = 0 respectively

Where,

2’ dz// oY s
r,=D, |2 +D,0
! ”( 030z ox dzj v

ov

w205

s, 2DD (al//j
0z

9 ¢
=D, *@p+2D +
S i (ﬂzz Ox0z ). (25)

_DBT+DmeH02E|2¢

Applying the boundary conditions, we get

Ap(l-iyj{D+B1(1-iyp )+ C1(1-1y33)+D (1 -1y4Qy) -A1(1-iy] )

B1(1-iypl)-C1(-iy'3{3)-D1(1-iy'4l4) =0

Ap(y) Hig1) + By (y2 +ilp) + Cp (y3 +i3) + Dy (y4 +ilg) - A"y (Y]

PA181A] +PA2dy Bl + pA383C 1+ pA4dy Dy -

(A1=h) 31A1 + (Ax-h) 8B 1+(A3-h) 33C +(A4-h) 34D

(26a)
c=cC (26b)

+i'7)
~B'] (y'2 +il'9) — C' (Y3 +il'3) ~ D'] (Y4 +il'4) =0 (26¢)
01A1 + &y By + 83C T §4D1 = §1A"] + 8 B'p + 83 + 84Dy (26d)
p'N'131A"] +p' A28 Bl —p'A383C" ] —p'A'434C'1 =0 (26¢)

=(\'1-h) 3'1A"

(261)

T (A2h) 8B F(N3-h) §3C H(A4h) 34Dy
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[y Qigy+y+82yD) - M0 Q202 v 21A + [y Qi +ya+30% v — Mg 0 (22D vl By+ [ (2i
G3+y3+32 V3)— My 0 (@30 y31 Cr+ [y Qila+ya+Ta?va) — My 0 Qa1 yal D1= [y QiTp+y+
212yD- N @ —a2>w2JA'1+w Qig+Y2+ 122 V)~ N a2 Q=D Y2l B+ [ 'y QiT3+y3+
3% y3) - n'}a Q32D Y31 C1H LM QiTa+yYa+T42 Y- N o @41 Y4l D'y (26g)
M [-2Cl= ' - N4 C1 (26h)

AL+ (1)« Hy) @2 -1 +2 e @12 -i2) ~ B 811+ By [(Le+ (1)« Hy) (22~ 1) +2 fy (022 -itp) -

Be 81+ Cy L+ (1) « Hy) (@32~ 1) +2 fhy (232 -i23)~ B 831+ Dy [(L+ (1)« Hy) (4%~ 1) +2 fy (142 -
i0g)~ Bedgl =AY+ (W) ¢ HOQZ102 U @20 B 811 B [+ (') ¢ Hy) @22 - 1) +2
My @2-i2)~ B 80 +C I +(1',) x H@32-Dr 214" @32-iT3)~ By 831+ Dy [+ (')«
Hy) Q2 - D+2 ' @42~ 09~ By 84] (260)

AT @2 =1+ 2 e (€12 =20) ~ B 811+ B [Ag @22 = 1) +2 fy (% -iT0) — By 81+ Cp [ A (32— 1) +2
My (@32 =i03)~ By 831+ Dy [Ag @42~ 1) +2 le Q4?—ila)~ By B4l =AY [A (@212 ' @420
B 811 B A @2 -D+2u % @210y~ B 81 +C[Ay 32D+ 2 'y @32-it3) - B 831+
DY (A% @Qa2-D+24'y Q4% -il9)— B'y 84] (26))

Ne TA 2 (1-712) y1A1 + A, 02 (1-252) yoB1+ Ay o2 (1-232) y3C1+ A, o2 (1-242) yaD1 1= 7' [ a2 (1-212)

ViAT+ A% 02 (1-032) yaB'1+ A" o2 (1-032) y3C'p + A 02 (1-042) y4D'] (26K)
where,Zj: A ,Z’j: ' ,j=1,2,34
a a
and
* - . K * “ . % n .
)\K:Z AK(—zac) , /JK:Z Uy (—za'c)K, ﬂK:Z By (—za’c)K,
K=0 K =0 K =0
:Z ”K(_iac) (,U)K Z(:ue)K( lO’C) ,j{zz lK(_iaC)K
K =0 K=0
1 . * Z , . K * & , . K
/]vK:KZ:O/l'K (—za’c)K,,u'K: Z,UK(—ZO'C) ,’B'K: Z ,BK(—ZO'C) ,
= K=0 K=0
y -Z n' (miae)”, Z Ve (ziae)™ (') = 2 (o (miae)
K=0

From Eq. (26b) and Eq. (26h), we have C = C' = 0. Thus aj5= 1y 11, a16=(>Gy'2 ('2-1),
there is no propagation of displacement v. Hence SH-waves ' )
do not occur in this case. ap7=(y3¢3-1),a18=31y404- 1),

Finally, eliminating the constants A, By, Cy, Dy, A"y, ) )
B'{, C'1, D'{ from the remaining equations, we get a1 =y1 Ty, a2 = y2 T1lp,

det (aij): 0,,j=1,2,3,4,5,6,7,89. 27) ay3 =y3 +i(3, a4 =yq +ily,
Where, a5 = (Y1 +1¢'1), a6 = (Y2 +1C2),
apy = 1-iy; g, 212 = -yl ay7 = (y3 +il'3), apg = (Y4 +il'4),

a13 = l-iy3(3, a14 =1-iysls, a31 = 81,232 = &,



16 Rajneesh Kakar et al.: Effect of gravity on stoneley, rayliegh and love waves
propagating in viscoelastic media of higher order

a33 = 83, 434 = 04,
a35 =— 01,336 =972,
a37=-03, a3g=-d4
4] =PpA1 01,
a42 = PA2 82,343 = PA3 03,
a44 = PA4 04, 345 =—P'N'1 81,
a46=-P'A282,347= —P'N303,
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From Eq. (27), we obtain velocity of surface waves in
common boundary between two viscoelastic, non-
homogeneous solid media under the influence of thermal
and magnetic field, where the viscosity is of general nth
order involving time rate of change of strain.

5. Particular Cases
5.1. Stoneley Waves

It is the generalized form of Rayleigh waves in which we
assume that waves are propagated along the common boun-
dary of the two semi-infinite media M| and M,. Thus Eq.
(27) determine the wave velocity equation for Stoneley
waves in the case of general magneto-thermo viscoelastic,
non-homogeneous solid media of nth order involving time

rate of strain. Clearly from Eq. (27), it is follows that the
wave velocity equation for Stoneley waves depends upon
the non-homogeneity of the material medium, temperature,
gravity, couple-stress, magnetic and viscous field. This eq-
uation, of course, is in well agreement with the correspond-
ing classical result, when the effects of thermal, gravity,
couple-stress, magnetic and viscous field and non-
homogeneity are absent.

5.2. Rayleigh Waves

Case-1 Dispersion equation of Rayleigh waves in terms
of non-homogeneity, viscous, gravity, magnetic and thermal
fields.

To investigate the possibility of Rayleigh waves in a
thermo- magneto viscoelastic, non-homogeneous elastic
media, we replace media My 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 so thermal condition given by

oT
——+hT =0 at z= 0 respectively
z

(28)

Thus Eq. (26f), Eq. (26h) and Eq. (26j) reduces to,

[Me Qi +y+82y)— Mg o2 (@2-ad) y 2A+ [y Qilo+yr + 32y~ Mg o2 (2D va] By
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From equation (27), we have

(A1 -0 81 Ap+(A2—h) & B+ (A3 -1) 83 C;+ (A4 -h)d4 D1 =0

Eliminating Aq, By, C; and D from eqns. (29a), (29b),
(29¢) and (29d) we get

det (bij) =0,1,j=1,2,3,4.  (30)

Thus Eq. (30), gives the wave velocity equation for Ray-
leigh waves in a non-homogeneous, magneto-thermo vis-
coelastic solid media of nth order involving time rate of
strain. From Eq. (30), it is follows that Dispersion equation
of Rayleigh waves depends upon the non-homogeneity, the
viscous, gravity, magnetic and thermal fields.

This equation, of course, is in complete agreement with

(29¢)

(29d)

the corresponding classical result by Bullen, when the ef-
fects of thermal, gravity, magnetic viscous field and non-
homogeneity are absent.

Case-2 Dispersion equation of Rayleigh waves in terms
of non-homogeneity, viscous, gravity, couple-stress and
thermal fields

Eq. (26f), Eq. (26h) and Eq. (26k) reduces to,
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From equation (27), we have

(A1 -h) & Ay + (A2 —h) & By + A3 —h) 33 C1+ (A4 —h) &4 D; =0

Eliminating Ay, B, C; and D from eqns. (31a), (31b),

(31c) and (31d), we get
det(fﬁ )=0,1,j=1,2,3,4. (32

Thus Eq. (32), gives the wave velocity equation for Ray-
leigh waves in a non-homogeneous, thermo viscoelastic
solid media of nth order involving time rate of strain. From
Eq. (32), it is follows that Dispersion equation of Rayleigh
waves depends upon the non-homogeneity, the viscous,
gravity, couple-stress and thermal fields.

This equation, of course, is in complete agreement with
the corresponding classical result by Bullen, when the ef-
fects of thermal, gravity, couple-stress, viscous field and
non-homogeneity are absent.

5.3. Love Waves

To investigate the possibility of love waves in a non-
homogeneous, viscoelastic solid media, we replace medium
M, is obtained by two horizontal plane surfaces at a dis-
tance H-apart, while M, remains infinite. For medium M,,
the displacement component V remains same as in general
case given by Eq. (19). For the medium M,, we preserve
the full solution, since the displacement component along
y-axis i.e. no longer diminishes with increasing distance
from the boundary surface of two media.

Thus

V= q 6/1'52+ia(x—ct) + Cz e—ﬂ'szﬂ'a(x—ct)

In this case, the boundary conditions are

(1) v and T,, are continuous at z =0

(i)', =0atz=-H.

Applying boundary conditions (i) and (ii) and using Eq.
(19) and Eq. (26), we get

C=C,+C, (34a)

- HyhsC= (U * DNSC = NsC,] (34b)

(31c)

(31d)

Ce™" -, =0 (34c)
On eliminating the constants C, C, and C, from Eq. (34a),
Eq. (34b) and Eq. (34c), we get

As M
A ()

Thus equation (35) gives the wave velocity equation for
Love waves under the influence of gravity and couple stress
parameter in a non-homogeneous, thermo, magneto, viscoe-
lastic elastic solid medium of n™ order involving time rate
of strain. Clearly it depends upon the non-homogeneity of
the material medium and viscosity, couple stress parameter
and independent of thermal and gravitational fields.

Equation (35), of course is in complete agreement with
the corresponding classical result by Chadwick, when the
effects of viscous field, non-homogeneity, gravity and
couple-stress parameter are absent. Further in the absence
of temperature field, this equation is in complete agreement
with the corresponding classical result by Bullen.

tanh (\'sH) =- 35)

6. Conclusions

The surface waves in a non-homogeneous, isotropic, vis-
coelastic solid medium under gravity of nth order including
time rate of strain are investigated. It is observed that vis-
coelastic surface waves are affected by the time rate of
strain parameters. These parameters influence the wave
velocity to an extent depending on the corresponding con-
stants characterizing the magneto thermo and viscoelastici-
ty of the material. So the results of this analysis become
useful in circumstances where these effects cannot be neg-
lected. These velocities depend upon the wave number
‘o’ confirming that these waves are affected by non-
homogeneity of the material medium.

Love waves do not depend on temperature; these are on-
ly affected by viscous, gravity, couple-stress, magnetic
fields and non-homogeneity of the material medium. In
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absence of all fields and non-homogeneity, the dispersion
equation is in complete agreement with the corresponding
classical result.

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

The wave velocity equation of Stoneley waves is very
similar to the corresponding problem in the classical theory
of elasticity. The dispersion of waves is due to the presence
of non-homogeneity, gravity, couple-stress, magnetic field,
temperature and viscoelasticity of the solid. Also, wave
velocity equation of this generalized type of surface waves
is in complete agreement with the corresponding classical
result in the absence of all fields and non-homogeneity.

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 phys-
ical constants for both media M, and M,.
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