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Abstract The paper is devoted to study the e ect of gravity, magnetic

eld and laser pulse on the general model of the equations of generalized
thermoelasticity for a homogeneous isotropic elastic half-space. The formu-
lation is applied under four theories of generalized thermoelasticity: the
coupled theory, Lord-Schulman theory, Green-Lindsay theory as well as
Green-Naghdi theory. By employing normal mode analysis, the analytical
expressions for the displacement components, temperature and the (me-
chanical and Maxwell’s) stresses distribution are obtained in the physical
domain. These expressions are also calculated numerically and correspond-
ing graphs are plotted to illustrate and compare the theoretical results. The
e ect of gravity, magnetic eld and laser pulse are also studied and displayed
graphically to show the physical meaning of the phenomena. A comparison
has been made between the present results and the results obtained by the
others. The results indicate that the e ects of magnetic eld, laser pulse
and gravity eld are very pronounced.

Corresponding Author. Email: mohmrr@yahoo.com



www.czasopisma.pan.pl P@N www journals.pan.pl

P
~_“
EMI K

32 S. M. Abo-Dahab, A. M. Abd-Alla and A.J. Algarni

Keywords: Generalized thermoelasticity; Gravity; Laser pulse; Magnetic eld; Half-
Space

1 Introduction

The subject of generalized thermoelasticity has drawn the attention of re-
searchers due to its relevance in many practical applications. The gen-
eralized thermoelasticity theories involve hyperbolic type governing equa-
tions and admit nite speed of thermal signals. The extensive literature
on the topic is now available and we can only mention a few recent inter-
esting investigations [1 7]. Generalized theories of thermoelasticity have
been developed to overcome the in nite propagation speed of thermal sig-
nals predicted by the classical coupled dynamical theory of thermoelastic-
ity [8]. The non-classical theories of thermoelasticity, so-called generalized
thermoelasticity, have been developed to remove the paradox of the phys-
ically impossible phenomenon of in nite velocity of thermal signals in the
conventional coupled thermoelasticity, Lord-Shulman theory [9] and Green-
Lindsay theory [10]. In the 1990s, Green and Naghdi (G-N) have formulated
three models (I, 11, 111) of thermoelasticity for homogeneous and isotropic
material [11]. The model I of G-N theory after linearization reduces to the
classical thermoelasticity theory. The model Il of G-N theory [12] does not
allow dissipation of the thermoelastic energy. In this model, the consti-
tutive equations are derived by starting with the reduced energy equation
and by including the thermal displacement gradient among the constitu-
tive variables. The e ect of gravity in the classical theory of elasticity is
generally neglected. The e ect of gravity on the problem of propagation
of waves in solids, in particular on an elastic globe, was rst studied by
Bromwich [13]. Ailawalia and Narah [14] depicted the e ects of rotation
and gravity in the generalized thermoelastic medium. Othman et al. [15]
studied the in uence of the gravitational eld and rotation on the gen-
eralized thermoelastic medium using a dual-phase-lag model. Das et al.
[16] investigated the surface waves under the in uence of gravity in a non-
homogeneous medium. Othman and Hilal [17] studied the rotation and
gravitational eld e ect on two-temperature thermoelastic material with
voids and temperature-dependent properties using G-N I11. Abd-Alla et al.
[18] investigated the propagation of a thermoelastic wave in a half-space
of a homogeneous isotropic material subjected to the e ect of gravity eld.
Abd-Alla et al. [19] studied the rotational e ect on thermoelastic Stoneley,
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Love and Rayleigh waves in bre-reinforced anisotropic general viscoelas-
tic media of higher order. The interplay of the Maxwell electromagnetic

eld with the motion of deformable solids is largely being undertaken by
many investigators owing to the possibility of its application to geophys-
ical problems and certain topics in optics and acoustics. Moreover, the
earth is subject to its own magnetic eld and the material of the earth
may be electrically conducting. Thus, the magneto-elastic nature of the
earth’s material may a ect the propagation of waves. Many authors have
considered the propagation of electro-magneto-thermoelastic waves in an
electrically and thermally conducting solid. A comprehensive review of the
earlier contributions to the subject can be found in the study by Puri [20].
Abo-Dahab et al. [21] discussed the in uence of thermal stress and mag-
netic eld in thermoelastic half-space without energy dissipation. Abd-Alla
and Mahmoud [22] investigated the magneto-thermoelastic problem in ro-
tating non-homogeneous orthotropic hollow cylinder under the hyperbolic
heat conduction model.

The ultra short lasers are those with the pulse duration ranging from
nanoseconds to femtoseconds. The high intensity, energy ux, and ultra-
short duration laser beam have been studied in situations where very large
thermal gradients or an ultra-high heating rate may exist on the bound-
aries, this in the case of ultra-short-pulsed laser heating [23,24]. Marin [26]
investigated the temporally evolutionary equation for elasticity of microp-
olar bodies with voids.

Marin and Stan [27] obtained the weak solutions in elasticity of dipo-
lar bodies with stretch. Marin and Baleanu [28] studied the vibrations in
thermoelasticity without energy dissipation for micropolar bodies. The mi-
croscopic two-step models that are parabolic and hyperbolic are useful for
modifying the material thin Ims. When a metal Im is heated by a laser
pulse, a thermoelastic wave is generated due to thermal expansion near the
surface.

The present paper aims to study the e ect of gravity, magnetic eld and
laser pulse on the general model of the equations of generalized thermoe-
lasticity for a homogeneous isotropic elastic half-space. The formulation
is applied under four theories of generalized thermoelasticity: the coupled
theory (CT), Lord-Schulman (L-S) theory, Green-Lindsay (G-L) theory as
well as Green-Naghdi (G-N I1) theory. By employing normal mode analysis,
the analytical expressions for the temperature, displacement components
and the (mechanical and Maxwell’s) stresses distribution are obtained in
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the physical domain. These expressions are also calculated numerically and
corresponding graphs are plotted to illustrate and compare theoretical re-
sults. The e ect of gravity, magnetic and laser pulse eld are also studied
and presented graphically to show the in uence of new parameters on the
phenomena.

2 Formulation of the problem and basic equations

Following the constitutive equations and eld equations for a linear isotropic
generalized thermoelasticity in the context of four theories, we consider
a Cartesian coordinate system (x;y;z) having originated on the surface
y = 0 and z-axis pointing vertically into the medium of a half space (x 0).
Forltwo—dimensional problems, we assume the dynamic displacement vector
as o = (u;0;w), and all the considered quantities are functions of the time
variable t and of the coordinates x and z.

The basic governing equations of linear generalized thermoelasticity
with rotation and magnetic eld in the absence of heat sources are given
by [22,24]:

Uijj + ( + ) Ujij 1+ o% T.i+Gi= u; (@)
) L} ) L}

@ @ @ @
kT;ii+k -[;ii = Ce n1@+ OW T+ TO n1@+n0 OW (r‘ U) Q,
. (2)
= Uk IH ooy Toii+2 e bik=123; (3

1 .
&jj = 5 (Ui +uji) o BI=123: ey
The plate surface is illuminated by the laser pulse given by the heat input
1
_ o 4 .

Q= ﬁexp =] x T@); 5)

where g is the absorbed energy, r is the beam radius, and is constant.
The temporal pro le can be de ned as

t t
f(t)—%exp o
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where tg is the pulse rising time.

Due to the application of initial magnetic eld H = Hgn, resulting in
an induced magnetic eld h and an induced electric eld E, the simpli ed
linear equations of electrodynamics of slowly moving medium for a homo-
geneous, thermally and electrically conducting elastic solid are:

L v
curl h =J+",E; 6)

v '
curlE = oh; (7
divh = 0; divE = 0; ®)

L L] L
E = o U H : €©))

The basic governing equations of a linear, homogenous thermoelastic medium
under the in uence of a laser pulse and the gravitational eld will be in the
forms:

z ge 0 0T ew ., 00h_ @
ru+( + )@x 1+ T @x+ 9 ox oHo@x— @tz'(lo)
z ge @ T, ou . gh_ @w
row+( + )@z 1+ 05t @Z+ 9ax oHo@Z = e (11)
2!
2 @ - _ @ @
kl"T+k @I"T —_ Ce n1@+ OW I
, !
+ To nl%"'no 0% (r u @@—?1 (12)
Introducing the following dimensionless variables:
XO.ZO :!—fX'Zg' #0 =1 #, t0:| t 0 — g .QO — Q . (13)
1 CO 1 ’ 0 = 0 = v 0 = ’ WTOCe,
0.0 _ Col! e T Vo i 9 o h
uiw = — fu;wg; T ST T T 9 T ow h = Ho (14)
where )
! :7CEC°; 3= +2

K
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Eqgs. (6) (8) will be rewritten into the non-dimensional form (with dropping

primes for convenience):

T aw @h @2u
204,28 b 14 oL ULy 0W g Oh_ U
r-u lox 2 Bt ox | 3ox hox 20@’
T @u @h 02w
2 28, 14 oL 8T 00 g Oh_ 0w
rw 19z 2 TN 3 0% h ez 292
2!
1] 2 +II @ 2 — " @_'_ l @
3T 2@trT 4 nl@t o! _@tZ'T
. 0 @2 6Q
+ - + - -—=:
1 nl@t No 0@t2 e ot
where
" — 2T0 . 11 — kW . n — k . n — 1. b R + .
1_WC%Ce| 2 — C%Ce’ 3 C%Ce'4_!' 1—
2 2 2
by= -0 b= 0 Ry= g

Here "1;",, and "3 are the coupling constants.

(15)

(16)

(17

Using the expressions relating the displacement components u (X; z; t),
and w (x; z;t) to each of the potential functions 1 (X;z;t) and ,(X;z;t)

in the dimensionless forms

_0 . 0@ _0 1,0 2.
U—@—X Eand W—@—Z+@—X.
gives
_ 2 @u o@w _ ,
e=r° ; and 0z @—X—r 2!
Using (14) and (15) into (11) (13) yields:
" #
02 @ @

2 o, 0° o o - _,.
(1+b1 Rp)Ir bz@tz 1+b3@X2 by 1+ o5t T=0;

#

2
b3g 1+ r? bz@

@x e 270

(18)

(19)

(20)

(21)
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" -~ + n r + n + n _~ r T
T 0 052 1 3I 20t
@ 0 @
"4 Nni—+ o! — T = —Q: 22
4 Mg+ o! 5w @tQ (22)

The constitutive relations will be:

_ @u @w @ ,
Xx_@_X+L@—Z 1+ 0@ T (23)
—Le 1+ o2 T. (24)
yy O@t )
_ Ow @u @ ,
ZZ_@_Z+L@_X 1+ 0@ T: (25)
1 @u  @w _ o
XZ_E @_Z+@_X , Xy — yz—O: (26)
—~ Ou_ow
2z=G @_X+@_Z ; (27)
where H2
_ . _ eMg
L= el G= 2

3 The normal mode analysis

We can decompose the solution of the physical quantities in terms of the
normal mode as follows:

[ 1 2TIZ ) =1 15 ;T [()exp[i(1t+az)] ; (28)
where[ ; ;T 1(X) aE the amplitudes of the physical quantities, ! is the
angular frequency, i = 1 and a is the wave number.

Using (28), Egs. (20) (22) will be:
h i
D> By ,;+ByD , B3(l+ o!)T =0; (29)
h i
bsD ;+ D? B, ,=0; (30)
h i h i 0
Bs D> a? ,;+ D? a2 T BT =B;—Q; (31)

ot
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where
B=F R BT Ry BT R
By =a® bpl!?; Bs= L (r?.zi+..:(i)!())! Y ;

Eliminating ,; ,,and T from Egs. (29) (31) gives the di erential equa-
tions:

h i
t
D® BgD*+BgD? By ;=Bp 1 —
2 1y
ex é+£+ X+ilt+iaz ; (32)
p 2zt ! ;
h i t
D® BgD*+BgD? Byy T =By 1 —
ex i+£+ x+ilt+iaz- ; (33)
p Zt g ! ;
h i
D® BgD*+BgD? Bjy ,=
" 14
Bz 1 t ex Z—2+£+ X+ilt+iaz ; (34)
13 tO p r2 tO - y

where
Bs =B; +Bs+Bg+Bybs B3zBs B3Bs#gi + ! +8.2;

Bg = a281 + aZB4 + a282b3 aZB3B5 BsBsB, + B1B4 + BgB4s + B1Bg
+h3B,Bg+B3Bsa?il#y + B3B4Bsil# ;
Big = azB]_B4 angB5B4 + B1B4Bg BgB4B5azi 4,
Bii=BsB; 2+il# 2 By Buil#y 5% ;
0
— 2 2 2 lo .
B2 = By B1 Bs + “Bobs
0

. 2
Bz = B3B7b3 (1 =+ I#o!) 2lol’—2t(2) .
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Equation (32) can be factored as
D* ki D® ki D® k§ ;=
" ) T#

t z t . .
Big 1 — ex —+—+ X+ilt+iaz ; 35
11 T p 21 (35)
where kZ (n = 1;2;3) are the roots of the characteristic equation of the
homogeneous equations (32) (34).

The general solutions of (32) (34) bound as x ¥ 1 are given by:

X
1(X;z;0) = Rnexp( kpx+ilt+iaz) +LiB11f;; (36)
n=1
X o
2(X;zZ;0) = HinRnexp( knpx+ilt+iaz) +L1Bisfy; (37)
n=1
X o
T(x;z;t) = HonRnexp( knx +ilt+iaz) + LiBof;: (38)
n=1
Here
bzkn k3 Bi BaHinkn
Hin=-5——5=<:n=123, Hpn = ; n=1,2;3
in (K2 B n 2n Bs n
1
1 t 2t
L, = = 1 — — = ;
! 6 Bg 4+Bg 2 By ! to &P rZ to X

where Ry (n = 1;2; 3) are some unde ned coe cients.
To obtain the components of the displacement vector, substituting (36)
and (37) into (18) gives:

ulx;z;t) = MinRnexp( knx +ilt+iaz)
n=1 '
2z1, 2t
l; + —— ex - = X 39
1 r2 p r2 to ( )
X L
w(x;z;t) = MonRpexp ( knx +ilt+iaz)
n=1 ¥
2z1 2t )
+ |2+—Z L exp L ; (40)

r2 r2 to
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where Min = kn  iaHin Moy =ia knHin; n=1;2;3:

To get the components of the stress tensor, substitute (39), (40), and

(38) into (23) (27):

w(X;z;t) = HanRnexp ( knx +ilt+iaz)
n=1 1
+ lzex 22 ¢ X
4a8Xp T ;
X o
yy (X;z;1) = HanRnexp ( knx +ilt+iaz)
n=1 ¥
+ lIgex 22 ¢ X
5 €Xp 21 ;
=2 (Xz;t) = HsnRnexp ( knx +ilt+iaz)
n=1 1
+ lgex 2 ¢ X
6 EXP 21 ;
<z (X;z;) = HenRnexp ( knx +ilt+iaz)
n=1 1
+ l7ex 22 ¢ X
7€Xp r2 to ’
X o
ww = Hmexp( kax+ilt+iaz)
n=1 ¥
+ lIgex 22t X
8€Xp r2 to '

(41)

(42)

(43)

(44)

(45)
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where
Hasn Minkn + LMgnia  Hon i1 oHop;
Hin = knMinL +iaMpnL Hon i gHop;
Hsn =iaMzn  LMinkn  Hon il oHop;
— 1 ; .
Hen = g5 (Minia  Mankn) ;
_ : _ t .;._B 1. _B .
H7n = ManGia MinknGli = Bili 1 & lo=g2li; ls= g2l
— 2 2 2z1 .
b= I Fh +3 L+t L 1 2l
Is=E1 L 252 +L% L+% 13 gl
— 2 2z1 2z1 .
le=7%, L+ +L L 52 Ll gls;
_ 1 2 2z1 2z1
=5 7 h 2+ PR
— I 2 2z1
Is=G I —,Z~22 +GF§ 12 + ?21

4 Boundary conditions

In this section, we determine the constants R, (n = 1;2;3). The boundary
conditions under consideration should suppress the positive exponentials
to avoid unboundedness at in nity. The coe cients R1;R»; Rz are chosen
such that the boundary conditions on the surface at x = 0 are:

I The mechanical boundary conditions

2zt 2z =

prexp (1t +iaz) ;

Xz

0:

(46)

Il The thermal boundary condition on the surface of the half space

eT _
e

0;

where p1 is the magnitude of the mechanical force.
Substituting the expressions of the considered variables in the above
boundary conditions, we can obtain the following equations satis ed by the

parameters:

(Hsn + H7n)Rp =

n=1

HenRn =0;

n=1

P

(47)

(48)

(49)
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knH2nRn =0: (50)
n=1
Invoking the boundary conditions (45) and (46) at the surface x = 0 of
the plate, we get a system of three equations (47) (49). Solving the above
system of the algebraic equations (47) (49) by using Cramer’s rule we then
obtain values of the three coe cients R, (n=1;2;3):

Ri=—2; Ry=—-2; Rg=—3; (51)

where

(Hs1 + H71)( kaHes2H23 + koH2oHs2)
(Hs2 + H72)( kiHe2H23 + ksH23Hs3)
+ (Hs3 + H73)( koHe1H22 + kiHz21Hs?) ;

+

1= P( ksHe2H23 + koHgzH22) ;
2 = P( ksHe1H23 + kiHgzH21) ;

3= P( keHe1H22 + kiHg2H21):
Hence, we obtain the expressions for the displacements, the temperature
distribution, and the other physical quantities of the plate surface.

5 Numerical results and discussion

For numerical computations, following Dhaliwal and Singh [25] the magne-
sium material was chosen. All units of the parameters used in the calcula-
tion are given in Sl units.
The constants of the problem are taken as:
=2:17 101°°N/m?; =~ =3:278 10°N/m? K =17 102W/mK;

=174 103kg=m®; C. =104 103J=kgK; ! =3:58 10M=s;
0=4 10 3; To=298K.
The laser pulse parameters are:
lo =102 J=m?; r=0:2; =25=m; ty=10:
The comparisons were carried out for:
P = 0:25N:m2; k =100W=mK; a=05; ! =29rad=s; z=2m;
t=09s; g=9:8m=s?>, and x=0 3.5 m.
The obtained 2D curves describe the change of behavior of the values of
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the real part of the temperature distribution T, components of displacement
u and w, normal stresses xx; zz and tangential stress 4, with distance
X, for CT, L-S, G-L, and G-N theories have been shown in generalized
thermoelasticity medium with constants Hp = 9 10°; g = 9:8; t = 0:9,
on the other hand with di erent values of gravity, laser pulse and mag-
netic eld. These distributions are shown graphically in Figs. 1 32 for
time t = 0:9 with respect to a wide range of 0 x  3:5. These ¢-
ures represent the solution obtained using the CT theory: ng = 0;n; =
1, o = 0;#y = 0, L-S theory: np = 1;ny = 1; o = 0:2;#y = 0,
G-L theory: ng = 0;ny = 1; o = 0:2; # = 0:3, and G-N theory:
np=0;n,=1; o=1; #y = 0. We notice that the results for the temper-
ature, displacement, and stress distributions when the relaxation time is
included in the heat equation are distinctly di erent from those when the
relaxation time is not included in the heat equation, because the thermal
waves in Fourier’s theory travel with an in nite speed of propagation as op-
posed to the nite speed in the non-Fourier case. This demonstrates clearly
the di erence between the coupled and the generalized theories of thermoe-
lasticity. Also, these distributions are shown graphically in Figs. 9 16 with
di erent values of gravity: g = 0; 5; 7, and 9.8. Also, these distributions
are shown graphically in Figs. 17 24 with di erent values of laser pulse:
t =0; 0:3; 0:6;, and 0.9, and in Figs. 25 32 with di erent values of mag-
netic eld: Hp=0; 2 10° 3 10° and 5 10°. The distributions of all
physical quantities converge to zero as the distance x tends to in nity.

Figure 1 shows the distribution of displacement component u with re-
spect to x-axis. The e ects of parameters of the theories on the curves are
the strongest for the G-N theory, after that L-S after that G-L, and the
smallest e ects concern the theory CT.

Figure 2 displays the distribution of displacement component w with
respect to x-axis. We note the di erence in e ects according to di erent
theories where the e ects are strong in the theory of G-N while in other
theories are weak.

Figures 3, 4, and 7 illustrate the distribution of normal stress xx, 2z
and ,, + ., with respect to x-axis. The e ects of parameters of the the-
ories on the curves are the strongest for the G-N theory, while in other
theories are weak.
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Figure 2: Displacement w distribution versus x calculated with the help of four theories.
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Figure 3: Stress distribution xx versus x calculated with the help of four theories.

1.2 T T

Figure 4: Stress distribution ,, versus x calculated with the help of four theories.
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Figure 5 shows the distribution of tangential stress x, with respect to
X-axis. It is clear that all curves always begin from zero for the four theo-
ries to satisfy the boundary condition at x = 0, We note the di erence in
e ects according to di erent theories, where the e ects are strong in the
theory of G-N, while in other theories are weak.

Figure 6 illustrates the distribution of normal stress ,, with respect
X-axis. The e ects of parameters of the theories on the curves are the
strongest for the CT theory, while in other theories are weak.

Figure 8 displays the distribution of temperature T with respect to
X-axis. We note the di erence ine ects according to di erent theories where
the e ects are strong in the theory of CT while in other theories are weak.

Figures 9 and 10 show the distribution of displacement components u,
w with respect to x-axis for di erent values of gravity eld g. It is observed
that the displacement component u decreases with the increasing gravity

eld in the interval [0;3] except at g = 0 in the interval [1:8;3], while it
tends to zero in the interval [3, 3.5]. The displacement component w de-
creases with the increasing gravity eld in the interval [0,3] and it tends to
zero in the interval [3, 3.5].
Figures 11 and 12 show the distribution of normal stress components
xx; zz With respect to x-axis for di erent values of gravity eld g. It is
observed that the normal stress component «x decreases with the increas-
ing gravity eld in the interval [0, 0.5], while it increases with the increasing
gravity eld in the interval [0.5, 3]. It tends to zero in the interval [3;3:5].
The normal stress component ,, increases with the increasing gravity eld
in the interval [0,3], while it approaches zero in the interval [3, 3.5].

Figure 13 describes the distribution of tangential stress component ,
with respect to x-axis for di erent values of gravity eld g. It is observed
that the tangential stress component increases with the increasing gravity

eld in the interval [0, 3.2], while it tends to zero in the interval [3.2, 3.5].

Figures 14 and 15 illustrate the distribution of magnetic stress compo-
nent ., and total magnetic and normal stress ,, + ., with respect to
x-axis for di erent values of gravity eld g. An increase of these quantities
is observed with the increasing gravity eld in the interval [0,3], while tend
to zero in the interval [3, 3.5].
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Figure 5: Stress distribution x, versus x calculated with the help of four theories.
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Figure 6: Stress distribution ., versus x calculated with the help of four theories.
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1.2 T T T

Figure 7: Stress distribution ., + ;; versus x calculated with the help of four theories.
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Figure 8: Temperature distribution T versus x calculated with the help of four theories.
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Figure 9: Displacement distribution u versus x under the e ect of gravity force.

05 T T T T

Figure 10: Displacement distribution w versus x under the e ect of gravity force.
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Figure 11: Stress distribution x versus x under the e ect of gravity force.
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Figure 12: Stress distribution ., versus x under the e ect of gravity force.
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Figure 13: Stress distribution ., versus x under the e ect of gravity force.
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Figure 14: Stress distribution ., versus x under the e ect of gravity force.
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Figure 16: Temperature distribution T versus x under the e ect of gravity force.
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Figure 16 shows the distribution of temperature T with respect to x-axis
for di erent values of gravity eld g. The temperature has an oscillatory
behavior for a thermoelastic medium in the interval [0;3]. It is observed
that the temperature increases with the increasing gravity eld in the in-
terval [0, 0.5], while it decreases with the increasing gravity eld in the
interval [0.5, 3]; and it tends to zero in the interval [3, 3.5].

Figures 17 and 18 present the distribution of displacement components
u, w with respect to x-axis for di erent values of laser pulse t. It is observed
that the displacement component u increases with the increasing laser pulse
in the interval [0,3], while it decreases with the increasing the laser pulse
in the interval [0.3, 1.4], and tends to zero in the interval [1.4, 3.5]. The
displacement component w increases with the increasing laser pulse in the
interval [0, 1.1], while it decreases with the increasing the laser pulse in the
interval [1.1, 2.3], and approaches zero in the interval [2.3, 3.5].

Figures 19 and 20 show the distribution of normal stress components

xx; zz With respect to x-axis for di erent values of laser pulse t. The
normal stress components have an oscillatory behaviour for a thermoelas-
tic medium in the interval [0, 2.5]. It is observed that the normal stress
component yx increases with the increasing laser pulse in the interval [0,
0.8], while it decreases with the increasing laser pulse in the interval [0.8,
2], and tends to zero in the interval [2, 3.5]. The normal stress component

2z increases with the increasing laser pulse in the interval [0,3], while it
decreases with the increasing laser pulse in the interval [0.3, 1.5], as well
it increases with the increasing laser pulse in the interval [1.5, 2.5] and it
approaches zero in the interval [2.5, 3.5].

Figure 21 illustrates the distribution of tangential stress component ,
with respect to x-axis for di erent values of laser pulse t. The tangential
stress has an oscillatory behaviour for a thermoelastic medium in the inter-
val [0, 2.5]. It is observed that the tangential stress component decreases
with the increasing laser pulse in the interval [0, 1.4], while it increases with
the increasing laser pulse in the interval [1.4, 2.5], and it tends to zero in
the interval [2.2, 3.5].

Figures 22, 23 show the distribution of magnetic stress component ,,
and total magnetic and normal stress ., + ., with respect to x-axis for
di erent values of laser pulse t. The magnetic stress component and total
magnetic and normal stress have an oscillatory behaviour for a thermoelas-
tic medium in the interval [0, 2.5]. It is observed that the magnetic stress
component decreases with the increasing laser pulse in the interval [0,1],
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while it increases with the increasing laser pulse in the interval [1, 2.2], and
it tends to zero in the interval [2.2,3.5]. The total magnetic and normal
stress increase with the increasing laser pulse in the interval [0, 0.4], while
they decrease with the increasing laser pulse in the interval [0.4, 1.6], they
increase with the increasing laser pulse in the interval [1.6, 2.5] and tend
to zero in the interval [2.5, 3.5].

Figure 24 exhibits the distribution of temperature T with respect to
x-axis for di erent values of time t. The temperature has an oscillatory
behaviour for a thermoelastic medium in the interval [0,2]. It is observed
that the temperature decreases with the increasing laser pulse in the inter-
val [0, 0.8], while it increases with the increasing laser pulse in the interval
[0.8, 2], and it approaches zero in the interval [2, 3.5].

Figure 25 shows the distribution of displacement component u with re-
spect to x-axis for di erent values of magnetic eld Hp. It is observed that
the displacement component u increases with the increasing magnetic eld
in the interval [0, 0.1], while it decreases with the increasing magnetic eld
in the interval [0.1, 1.4], increases with the increasing magnetic eld in the
interval [1.4, 2.5], and it tends to zero in the interval [2.5, 3.5].

Figure 26 illustrates the distribution of displacement component w with
respect to x-axis for di erent values of magnetic eld Hg. It is observed
that the displacement component increases with the increasing magnetic

eld in the interval [0,1.2], while it tends to zero in the interval [1.2, 3.5].

Figures 27 and 28 show the distribution of normal stress components

xx; zz With respect to x-axis for di erent values of magnetic eld Hp. The
normal stress components have an oscillatory behaviour for a thermoelastic
medium in the interval [0,2]. It is observed that the normal stress compo-
nent x increases with the increasing time in the interval [0, 0.8], while it
decreases with the increasing magnetic eld in the interval [0.8, 1.7], and
it tends to zero in the interval [1.7, 3.5]. The normal stress component ,,
decreases with the increasing magnetic eld in the interval [0, 1.5], while
it increases with the increasing magnetic eld in the interval [1.5, 2] and it
tends to zero in the interval [2, 3.5].

Figure 29 exhibits the distribution of tangential stress component ,
with respect to x-axis for di erent values of magnetic eld Hg. The tangen-
tial stress has an oscillatory behaviour for a thermoelastic medium in the
in the interval [0, 2.2]. It is observed that the tangential stress component
decreases with the increasing magnetic eld in the interval [0,1], while it
increases with the increasing magnetic eld in the interval [1, 2.2], and it
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approaches zero in the interval [2.2, 3.5].

Figures 30 and 31 present the distribution of magnetic stress component
2z and total magnetic and normal stress ., + ., with respect to x-axis
for di erent values of magnetic eld Hg. The magnetic stress component
and total magnetic and normal stress have an oscillatory behaviour for a
thermoelastic medium in the interval [0, 2.5]. It is observed that the mag-
netic stress component decreases with the increasing magnetic eld in the
interval [0,1], while it increases with the increasing magnetic eld in the
interval [1, 2.2], and it tends to zero in the interval [2.2, 3.5]. The total
magnetic and normal stress decrease with the increasing magnetic eld in
the interval [0, 1.4], while they increase with the increasing magnetic eld
in the interval [1.4, 2.5], and tend to zero in the interval [2.5, 3.5].
Figure 32 shows the distribution of temperature T with respect to x-axis
for di erent values of magnetic eld Ho. The temperature has an oscillatory
behaviour for a thermoelastic medium in the interval [0,2]. It is observed
that the temperature decreases with the increasing magnetic eld in the

interval [0, 0.8], while it increases with the increasing magnetic eld in the
interval [0.8, 2], and it approaches zero in the interval [2, 3.5].

t=0
t=0.3
-————t=0.6
| s t=0.9 []
i
081
L]
.
1]
.
*
06} %
.
.
= H
H
04 H
.
.
.
2]
L)
025 S
v
N
{ \‘\“
of N - A
\\ o -
-
\‘ ”f
0.2} Sreee
4} 0.5

35

Figure 17: Displacement distribution u versus x under the e ect of laser pulse.
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Figure 19: Stress distribution xx versus x under the e ect of laser pulse.
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Figure 20: Stress distribution ., versus x under the e ect of laser pulse.

Figure 21: Stress distribution x, versus x under the e ect of laser pulse.
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Figure 22: Stress distribution ,, versus x under the e ect of laser pulse.

Figure 23: Stress distribution ., + 2, versus x under the e ect of laser pulse.
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Figure 24: Temperature distribution T versus x under the e ect of laser pulse.

Figure 25: Displacement distribution u versus x under the e ect of magnetic eld.
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Figure 26: Displacement distribution w versus x under the e ect of magnetic eld.

Figure 27: Stress distribution xx versus x under the e ect of magnetic eld.
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Figure 28: Stress distribution . versus x under the e ect of magnetic eld.

Figure 29: Stress distribution ; versus x under the e ect of magnetic eld.
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Figure 30: Stress distribution ., versus x under the e ect of magnetic eld.

Figure 31: Displacement distribution .+ . versus x under the e ect of magnetic eld.
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Figure 32: Temperature distribution T versus x under the e ect of magnetic eld.

6 Conclusions
The results of the present work can be summarized as:

1. The method which is presented in the paper is applicable to a wide
range of problems in thermodynamics and thermoelasticity.

2. The presence of a magnetic eld plays a signi cant role in all the
physical quantities. The temperature, displacement components, and
stress components decrease or increase. Therefore, the presence of
gravity eld, laser pulse, and a magnetic eld in the current model is
of signi cance.

3. The results are graphically described for the medium of crystal. The
present theoretical results may provide interesting information for ex-
perimental scientists/researchers /seismologists working on this sub-
ject.

4. All the physical quantities satisfy the boundary conditions.



64

www.czasopisma.pan.pl @ www journals.pan.pl

S. M. Abo-Dahab, A. M. Abd-Alla and A.J. Algarni

5. The values of all physical quantities converge to zero with the increas-
ing distance x, and all functions are continuous.

6. The gravity eld, magnetic eld and time as a physical operator have
a signi cant role in the considered physical quantities.

7. The result provides a motivation to investigate conducting magneto-
thermoelectric materials as a new class of applicable magneto-thermo-
electric solids. The results presented in this paper should prove useful
for researchers in material science, designers of new materials, physi-
cists as well as for those working on the development of magneto-
thermo-elasticity and in practical situations as in geophysics, optics,
acoustics, geomagnetic and oil prospecting, etc.

Received 8 April 2018

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

Abo-Dahab S.M., Abd-Alla A.M., Kilicman A.: Propagation of p- and T-waves
in solid-liquid of thermoelastic media subjected to initia | stress and magnetic eld in
the context of CT-theory. J. Mech. Sci. Technol. 29(2015), 579 591.

Abo-Dahab S.M., Abd-Alla A.M.: E ects of voids and rotation on plane waves
in generalized thermoelasticity. J. Mech. Sci. Technol. 27(2014), 3607 3614.
Abd-Alla A.M., Abo-Dahab S.M., Al-Thamali T.A.: Propagation of Rayleigh

waves in a rotating orthotropic material elastic half-spac e under initial stress and
gravity. J. Mech. Sci. Technol. 26(2012), 2815 2823.

Abd-Alla A.M., Mahmoud S.R.: Analytical solution of wave propagation in
a non-homogeneous orthotropic rotating elastic media. J. Mech. Sci. Technol.
26(2012), 917 926.

Abo-Dahab S.M., Abd-Alla A.M., ELSirafy lbrahim H.: E ect of gravity
eld, initial stress and rotation on the S-waves propagatio n in a non-homogeneous
anisotropic medium with magnetic eld . J. Mech. Sci. Technol. 28(2014), 3003 3011.

Abd-Alla A.M., Abo-Dahab S.M., Bayones F.S.: Propagation of Rayleigh
waves in magneto-thermo-elastic half-space of a homogenes orthotropic material
under the e ect of rotation, initial stress and gravity eld . J. Vib. Control 19(2013),
1395 1420.

Abd-Alla A.M., Mahmoud S.R.: On the problem of radial vibrations in non-
homogeneity isotropic cylinder under in uence of initial s tress and magnetic eld.
J. Vib. Control 19(2013), 1283 1293.

Biot M.A.: Thermoelasticity and irreversible thermodynamics. J. Appl. Phys.
27(1956), 240 253.



www.czasopisma.pan.pl @ www journals.pan.pl

Magneto-thermoelastic problem in the context of four theories. .. 65

Bl

[10]
(11]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

(19]

[20]

[21]

(22]

(23]

[24]

(25]

Lord H.W., Shulman Y.A. Generalized dynamical theory of thennoelasticity.
J. Mech. Phys. Solids 15(1967), 299 306.

Green A.E., Lindsay K.A.: Thermoelasticity . J. Elasticity 2(1972), 1 7.

Green A.E., Naghdi P.M.: Thermoelasticity without energy dissipation . J. Elas-
ticity 31(1993), 189 208.

Green A.E., Naghdi P.M.: On undamped heat waves in an elastic solidJ. Therm.

Stresses 15(1992), 253 264.

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

Ailawalia P., Narah N.S.: E ect of rotation in generalized thermoelastic solid
under the in uence of gravity with an overlying in nite ther moelastic uid . Appl.
Math. Mech. 30(2009), 1505 1518.

Othman M.I.A., Hasona W.M., Eraki E.E.M.: In uence of gravity eld and ro-
tation on a generalized thermoelastic medium using a dual-phase-lag model J. Ther-
moelasticity 1(2013), 12 22.

Das S.C., Acharya D.P., Sengupta P.R.: Surface waves in an inhomoge-
neous elastic medium under the in uence of gravity. Rev. Roumaine Sci. Technig.
37(1992), 539 551.

Othmanand M.L.A., Hilal M.I.M.: Rotation and gravitational eld e ect on two-
temperature thermoelastic material with voids and temperature dependent properties
type Il . J. Mech. Sci. . Technol. 29(2015), 3739 3746.

Abd-Alla A.M., Abo-Dahab S.M., Alotabi Hind A.: Propagation of a ther-
moelastic wave in a half-space of a homogeneous isotropic m&rial subjected to the
e ect of gravity eld . Arch. Civil and Mech. Eng. 17(2017), 564 573.

Abd-Alla A.M., Abo-Dahab S.M., Khan A.: Rotational e ect on thermoelastic
Stoneley, Love and Rayleigh waves in bre-reinforced anisotropic general viscoelastic
media of higher order. Struct. Eng. Mech. 61(2017), 221 230.

Puri P.: Plane waves in thermoelasticity and magneto-thermoelastiity . Int. J. Eng.
Sci. 10(1972), 467 477.

Abo-Dahab S.M., Abd-Alla A.M., Alotabi Hind A.: On in uence of thermal
stress and magnetic eld in thermoelastic half-space without energy dissipation. J.
Therm. Stresses 40(2017), 213 230.

Abd-Alla A.M., Mahmoud S.R.: Magneto-thermoelastic problem in rotating non-
homogeneous orthotropic hollow cylinder under the hyperbdic heat conduction model.
Meccanica 45(2010), 451 462.

Othman M.L.A.,Zidan M.E.M., Hilal M.1.M.: 2-D problem of a rotating thermo-
elastic solid with voids under thermal loading due to laser pulse and initial stress
type Il . J. Therm. Stresses 38(2015), 835 853.

Othman M.I.A.,Hasona W.M., Abd-Elaziz E.M.: The in uence of thermal load-
ing due to laser pulse on generalized micropolarthermoelatic solid with comparison
of di erent theories . Multidiscip. Model. Mater. Struct. 10(2014), 328 345.

Dhaliwal R.S., Singh A.: Dynamic Coupled Thermoelasticity . Hindustan Pub.
Corp., New Delhi (1980).



www.czasopisma.pan.pl P N www.journals.pan.pl
TN

66 S. M. Abo-Dahab, A. M. Abd-Alla and A.J. Algarni

[26] Marin M.: A temporally evolutionary equation in elasticity of microp olar bodies
with voids. Appl. Math. Phys. 60(1998), 3 12.

[27] Marin M., Stan G.: Weak solutions in Elasticity of dipolar bodies with stretch .
Carpathian J. Math. 29(2013), 1, 33 40.

[28] Marin M., and Baleanu D.: On vibrations in thermoelasticity without energy
dissipation for micropolar bodies. Boundary Value Problems 111(2016), 1 19.



