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Abstract: In the present paper, we extend our previous work of the thkeffects on propagation of transverse waves in anisatropi
incompressible dissipative pre-stressed plate, to imgadst the effect of both thermal stress and magnetic fieldamsverse waves
propagation in the medium. Biot incremental deformatiorotly has been used. The governing equations of transverge wa
propagation are derived considering the magnetic forcpBembon the plate through Maxwell equation. The influenceshanges

in anisotropy-type, thermal stress, initial stresses aagnatic field are investigated. The velocities of propagedis well as damping
are discussed. Analytical analysis and Numerical comjmusitreveal that the velocities of the transverse wavesrdepgon the
anisotropy, thermal stress, initial stresses as well asetagfield.
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1 Introduction finite thickness. Dissipation of the plate depends upon its
internal structure. A huge amount of mathematical work
In recent years, many studies were carried out to solve théas been performed for the propagation of elastic waves
problems related to electrically conducting elastic mediain dissipative medium (e.g. Norrid?], Singh et al. 1.3,
permeated by uniform magnetic fields. The seismic wavel4], Dey et al. [L5], Shekhar et al.J¢] Selim [17,18], and
propagation has been used for various studies related tothers). Problem of plane waves in anisotropic elastic
magneto-elasticity on the Earth’s mantle and cores. Bymedium is been very important for the possibility of its
the knowledge related to the propagation, the transversextensive application in many branches of science,
waves, are the source of information used to image theparticularly in seismology, Acoustics and geophysics. The
Earth’s interior. The initial stress in the medium may be universal presence of anisotropy is almost observed in
developed due to some reasons such as slow process ofany types of rocks in the earth. Prikazchikov et &g][
creep, gravity, external forces, difference in tempeggtur and Sharmad0] contribute to the understanding of wave
etc. An earlier Biot 1] observed that the initial stresses propagation characteristics of anisotropic materialseund
have notable effect on the propagation on elastic waves ifnitial stress. Carcione2fl] in his book explains the
a medium. Several investigator,$,4,5,6,7,8] have importance of anisotropy for wave propagation studies in
studied extensively the effects of initial stresses preisen real materials. Temperature gradients play a significant
the medium using Biot's mechanical deformation theoryrole in the modification of cracks and the flow of fluid
[9]. The propagation of Rayleigh waves in a viscoelastic[22]. To understand the dynamical systems that involve
half-space under initial hydrostatic stress in presence ofnteractions between mechanical work and thermal
the temperature field have studied by Addy et a0]] changes, theory of thermoelasticity were used. A large
Dey et al. [L1] have studied the Edge wave propagation in number of problems have been studied on the propagation
an incompressible anisotropic initially stressed plate ofof plane waves in generalized thermoelastic media (eg.
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El-Karamany et al. 23,24], Sharma et al. 45,26] and  electromagnetic field for perfectly electric conducting
others). Sharm&[7], considered the general anisotropy in elastic medium in vacuum are [16],

thermoelastic medium and he derived a mathematical ; g _ P

model to calculate the complex velocities of four waves in £

the medium. Problem related to the effect of magnetic 0.BE=o

field on transverse wave propagation in an anisotropic B

incompressible dissipative medium is very important for - , F _ _3_

the possible application in various branches of science ot

and technology such as earthquake science, acoustic, B . 19FE

geophysics and optics etc. Zhu et a28[ have been OA j +tE (1)
discussed wave propagation in non-homogeneous B

magneto- electro-elastic hollow cylinders. Jiangongleta - , H — ?+ oD

[29) have been studied wave propagation in ot

non-homogeneous magneto- electro-elastic plates. _J> = o?(Ohn'{sI aw),

Khojasteh et al.30] have been studied diffraction- biased — — — —

shear wave fields generated with longitudinal magneticVhere O = K+ diy j+ %K. The D = &FE,
resonance elastography drivers. Rayleigh waves in a@ = tgH andggpoc? = 0.999478~ 1. Theﬁ is electric
magnetoelastic initially stressed conducting medium withfield, D is electric displacemenl is magnetic fieldB is

the gravity field have been investigated by El-Naggar etmagnetic flux density,o= charge density,j= current

al. [31]. In recent years, the electromagnetic characteristicjensity, o isconductivity of the mediumpy = 4107

of dissipative medium has also attracted considerablémagnetic permeability); = 2.9979245818 m/s (speed
interest for theoretical and practical importance in of light), and &g = 8.8541012 (permittivity). Based on
fundamental science and application. The effect ofRefs. [1, 9], the equations of motion in tke- z plane for
rotation, magnetic field and initial stresses on propagatio the present problem in the incremental state, can be
of plane waves in transversely isotropic dissipative expressed as

half-space has been studied by Shekhar et3d]. [The 2 2

S-wave propagation in non-homogeneous initial stressed@ + 9513 + ung(a—LzJ — 0_W) _p9Y

elastic medium under the effect of magnetic field has 9% 92 ox*  0xdz oz

been studied by Kakar et aBJ]. So, studying the effect ~ NDRu= pd_zu )
of magnetic field on the characteristic of transverse wave ot?
propagation in dissipative medium is essential and maygS;;  9Sss3 , 0°w  9%u Jw
give a useful help in many applications. x| o0z + Ho o(ﬁ - d—zﬁz) "9z
In the present paper, we extend our previous study of 92w
the thermal effects on propagation of transverse waves in — NPw= pW

anisotropic incompressible dissipative pre-stressetepla . S
[34], to investigate the effect of both thermal stress angWhere P = Sg3 — Spy(positive value of P will give

magnetic field on transverse waves propagation in thee®MPressive stress and negative valuP uill give tinsel

considered medium. Biot incremental deformation theoryStress along the said directiop)represents the density of

[35 has been used. Transverse wave propagation in thEhe plate,?j(u! :thl’ .Z’t?’) e?tfe tfht% mcrle]z(mental stretgs
considered medium is derived considering the magneti .olrgpo:’len sHo Is the ('jn ensity o Ie unitform malgne Ic
forces applied on the plate through Maxwell equation. 1€!d (alongy-axis), andw is rational component along

Numerical examples are computed to analyze the?XiS9ivenby
propagation characteristics of the transverse waves in the, _ }( ‘9_W - @ ) 3)
medium at different temperatures. Variations of 2'0x 9z”’
anisotropies, change of initial stress parameter andvhereu andw are the displacement components in the
magnetic field are analyzed. andz directions, respectively an is the thermal stress
given by [36],
N = aEh T 4)

1-v
where a is the thermal expansion coefficier, is the
) o . Young’s Modulus,v the Poisson’s ratio and denotes
We consider an infinite thermally and perfectly electric ayiation in the temperature of the plate in disturbed state

conducting incompressible anisotropic dissipative ptdte The stress-strain relations for an incompressible plate
thicknes%Y initially at uniform temperaturé€Tg under  may be taken al],

initial stressesS;; and Szz3 along x and z directions, _
respectively (as illustrated in Fig. 1). When the medium jg 11 = 2Nenn+5,
slightly disturbed, the incremental stress®s, $» and Sz = 2Nes3+ S, )
S33 are developed. The Maxwell’s equations of S3 = 2Qes,

2 Fundamental equations
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SN of JeRiESI: | i Subtracting (10) from (11), we can eliminaseand the

AR P e R ’ equation of motion becomes
VUV vagneticFields | - g PLre , 047
1 [t R LN 5 (Q—N— 2)04 (4N+4H0Ho—2Q—2Nt)ﬁ
. . Ao R

ARRARRREN AR N s 4 4 4
. st T | T e Pa* 3% | 0%

PRl Wil T HQ-NH ) TS =P + o) (12)
=7 i NN mmr ) A 2 024 Ix20t2 0720t2
SEBLE SR L e % 0 \\Ivu \< - For dissipative plate, the two rigidities coefficiesand

X Q for anisotropic unstressed state of the medium are
replaced by complex constants [37]:
N = Ny +iNp, Q=Q+iQ (13)

Fig. 1. Transverse waves propagation in initially stressed .
dissipative plate. wherei = +/—1, N are real and\, < N, Q» < Qq.

From Egs. (12)-(13) we obtain
0% 0%¢ 0% 0%¢ 0%
2 a2 g =p(a b2 ) (1
o Legeaz Thea P Gt ozen) (4
wheres = 217%3 N andQ are the rigidities of the plate. ~ where

The incremental strain componemis(i, j = 1,3) are — QN E) 40

related to the displacement componefnisv) through the AN 2 2

relations, Lo = (4Ny + 4poHE — 2Q1 — 2Nb) +i(4N2 — 2Q2),  (15)

Ly

Jdu P, .
= =5 L3 = (Q1—Ne+5) +iQ2.
=~ 3= (Qu-N+3)+iQ
ow
633 = 0_7 (6) .
z 3 Solution of the problem
10w Ju
8= §(W+d_z)' For propagation of transverse waves in any arbitrary
The incompressibility conditios; = 0, is satisfied by direction we tgke the sqlutlon of equations (14) as
Z(X7 Z,t) _ Zoe|k(xc059+zsm9—0t) (16)
17} 7} . L .
u= —0—; w= 0—5( (7 where® is the angle made by the direction of propagation

with the x-axis (Fig.1).
Substituting Eq. (16) into Eq. (14) and equating real

Substituting (3)-(7) in Eq. (2) , we get and imaginary parts separately, one gets

0 0 P 9?2 1 P P .
2 2N+ 2uH-Q-N-5) 55 Chr = 51(Qu =N~ 5)(c030)*+ (Qu — N+ ) (sin6)*
P. 92 0 92 §—2Q1— i 2
FQ-N+) dzg =2 Wg (®) +(4Ny + 4poHE — 2Q1 — 2N)(sinBcosh)?]  (17)
2, — %[Qz(cosze—sin29)2+4stin26c052 0 (18)
0 0 P 92
d_j - &[(ZN + 2lloHo —Q—N— 2) dzg Eqgs (17) and (18) give the phase velocities (real parts) and

the damping velocities (imaginary parts) of the transverse
P o, 0% ping (imaginary parts)

F(Q-N-3)52]=p = 9) waves, respectively. From the above equation (17), we can
27 0x ox ot say that the phase velocity of transverse waves depends on
Differentiating (8) with respect tnand (9) with respectto  initial stresses, anisotropies, thermal stress, magfielit
X, we obtain and the direction of propagatich
d’s  0? P 0%C
—— — —— [(2N+2uHE —Q—N — =)= .
gax a7 [(N+20Ho—Q-N—3)7%5 4 Numerical Results
2 2 72
+(Q—N+5 )d Z] pﬁ—ﬂ (10)  The numerical values of the square of the phase velocities
2’ 072 072 ot? i
z z of transverse waves have been computed from (17) in non-
) ) ) dimensional form as
s 0 P.0%¢ C P 2N;  2uoHE
2 = [ (2N42UuHE —Q—N— =) == Criz_q_ N L 2HoHg N
a7 2@ | (AN+20Hg 2Q Ne 22)5222 (F)?=0-5 ZQ)0346+(Q1 o o Y
P.0°¢, 90 Nk P
+ (Q_N[_E)W]_pﬁw (11) ><23|r129c0529+(1—@+2—Q1)sm 0, (19)
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where B = ,/% is the velocity of transverse wave in

homogenous isotropic medium.
The numerical values o€t has been calculated for

Velocity of transverse waves

o 10 20 30 40 50 60 70 80 90

Direction of propagation © in egree

Velocity of transverse waves

Fig. 3: Variation of phase velocity of transverse wav&)
with propagation directior® at different values of initial stress
parameterz—g1 = -0.2,0.0 and 02 at'\‘1 = 0.5, Q = 0.0 and

' o 10 20 30 40 50 60 70 80 90 uoHOZ _O 34
o = 0[34].

Direction of propagation © in degree

Fig. 2: Variation of phase velocity of transverse way€s ) with
propagation direction at different values of anisotropjctOr

& =05,0.7 and 09 at (5 =0, § =0and “OHO —0)[34].

different values ofNi, 07 Q1 and X gjo with respect to

the direction of propagationd and the results of
computations are presented in Figures 2-5.

Figure 2 exhibits the anisotropic variation
(Nl = 0.5,0.7 and 09) of phase velocity of transverse
waves (Cr) with propagation direction(6) at free of 0s
initial and thermal stresses and no effect of magnetic field

2

(o =05 =0 and% = 0). The velocity plots show
that the velocity of transverse wave decreases with theig. 4: Variation of phase velocity of transverse way€s ) with
increase of anisotropy paramet%%_ This decrease is a propagatlon dlreCthf(e) at different Values of thermal stress

1 o parameter,p- = —0.2,—0.4 and— 0.6 atN — 05, =00
largest at9 = 0° and@ = 90°, but the velocity increases e S o3 20
with the anisotropy increase @te (25°,65°) . and g% = 0[34].

Figure 3 shows the effect of initial stresses on the

velocity of propagative of transverse wave at different
direction 8 with x-axis at different values 051 when

o =053%=0 and“"Q*:Io = 0. The velocity plots show of “?210 when &t =0, 56- = 0 and 5+ = 05 . The
that the velocity of transverse wave decreases with thevelocity plots show that the velocity of transverse wave
increase of initial stress Paf?met%%& atd € (25°,6%°),  increases with the increase of the magnetic fﬁ%ﬁ and
but the velocity increases with the initial stress paramete, ;o versa af (5°,87°), but this effect disappelar in the

increase a6 € (45°,90°) . 0 40
Figure 4 gives the variation in velocities of transverse ranges o € (0°,4%) andf < (88", 90°).

wave at different direction with x—a><2is at different values
Ne P _o N _ HoHg ; ]
of o when 50 =0 gy = 9.5 and o =0 The velocity 5 Conclusion
plots show that the velocity of transverse wave decreases
with the increase of the thermal stress parame%rat Equations (17) and (18) give the phase velocities (real
6 € (5°,85°). parts) and the damping velocities (imaginary parts) of the
Figure 5 gives the variation in velocities of transversetransverse waves, respectively. From the numerical
wave at different direction with x-axis at different values computation, it can be concluded that the phase velocity

Velocity of transverse waves

0 10 20 30 40 50 60 70 80 920

Direction of propagation (8) in degree
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Fig. 5: Variation of phase velocity of transverse waves with
propagation direction at different values of magnetic field

oHG N P _ N,
parameter% =00,051aty =0, 5o = 0andg: = 05.

of transverse waves depends on initial
anisotropies, thermal stress, magnetic field and th
direction of propagatiorf. The variation in parameters

associated with anisotropy of the medium directly affects
the velocity of the transverse waves. The increase of
initial stress parameters decreases the phase velocity ?{1]

transverse wave within the range @¢25°,65°) and

increases the velocity with the initial stress parameter

increase within the range q#5°,9°). The velocity of
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