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Influence of rotation and generalized magneto-thermoelastic
medium with two temperature under different theories
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Abstract: This paper studies the two dimensional problem of
thermoelastic rotating material under the effect of magnetic field
and a two temperature generalized thermoelasticity in the context
of five theories of generalized thermoelasticity: Lord-Schulman
with one relaxation time, Green-Lindsay with two relaxation
times, Green-Naghdi theory (of type II) without energy
dissipation and Chandrasekaraiah-Tzou theory with dual phase
lags, as well as the coupled theory. The normal mode analysis is
used to obtain the exact expressions for the considered variables.
Some particular cases are also discussed in the context of the
problem. Numerical results for the considered variables are
obtained and illustrated graphically. Comparisons are also made
with the results predicted by different theories (G-L, G-N II,
DPL) in the absence and presence of rotation, magnetic field, as
well as two temperature parameters.

Keywords- generalized thermo-elasticity; Magnetic field;
Rotation; Conductive
temperature; Normal mode analysis.
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1. INTRODUCTION

The generalized thermoelasticity theories have been
developed with the aim of removing the paradox of infinite speed
of heat propagation inherent in the classical
coupled dynamical thermoelasticity theory investigated by Biot
[6].The first attempt
towards the introduction of generalized thermoelasticity was
started by Lord and Shulman [21], who formulated the theory by
incorporating a flux-rate term into conventional Fourier’s law of
heat conduction. The L-S (Lord-Shulman) theory introduces a
new physical concept which called a relaxation time. Since the
heat conduction equation of this theory is of the wave-type, it
automatically ensures finite speed of propagation for heat wave.
The second generalization was developed by Green and Lindsay
[16]. This theory contains two constants that act as relaxation
times and modifies all the equations of coupled theory, not the
heat conduction equation only. It is based on a form of the
entropy inequality proposed by Green and Laws [15]. It does not
violate the Fourier’s law of heat conduction when the body under
consideration has a center of symmetry, and it is valid for both
isotropic and anisotropic bodies. The theory of thermoelasticity
without energy dissipation is another generalized theory and was
formulated by Green and Naghdi[17]. It includes the thermal-
displacement gradient among its independent constitutive
variables, and differs from the previous theories in that it does
not accommodate dissipation of thermal energy.

Chandrasekharaiah [9] and Tzou [27] proposed dual-phase-lag
thermoelasticity in 1998. A survey of five different thermoelastic
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models in which disturbances are transmitted in a wavelike
manner is due to Hetnarski and Ignaczak [18].

Some researches in the past have investigated different
problems of rotating media. In a paper by Schoenberg and
Censor [26], the propagation of plane harmonic waves in a
rotating elastic medium without a thermal field has been studied.
It was shown there that the rotation causes the elastic medium to
be depressive and anisotropic. Many author [8], [14] studied the
effect of rotation on elastic waves. These problems are based on
the more realistic elastic model since earth, the moon and other
planets have angular velocity.

The theory of magneto-thermoelasticity is concerned with the
interacting effects of applied magnetic field on the elastic and
thermoelastic deformations of a solid body. This theory has
aroused much interest in many industrial appliances, particularly
in nuclear devices, where there exists a primary magnetic field;
various investigations are to be carried out by considering the
interaction between magnetic, thermal and strain fields. Analyses
of such problems also influence various applications in
biomedical engineering as well as in different geomagnetic
studies. The development of the interaction of electromagnetic
field, the thermal field and the elastic field is available in many
works such as Othman [22]. Problems related to magneto-
thermoelasticity with thermal relaxation times have been
investigated by Othman and Singh[21], Othman and Abbas[23],
Abbas and A.M. Zenkour [4], [3], Abbas[2] and Abbas and Abo-
Dahab[1].

Chen and Gurtin, [10] Chen et al. [11], [12] have formulated a
theory of heat conduction in deformable bodies, which depends
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upon two distinct temperatures, the conductive temperature ¢ and
the thermodynamic temperature T. For time independent
situations, the difference between these two temperatures is
proportional to the heat supply, and in the absence of any heat
supply, the two temperatures are identical[10]. For time-
dependent problems, however, and for wave propagation
problems in particular, the two temperatures are in general
different, regardless of the presence of a heat supply. The two
temperatures T,6 and the strain are found to have representations
in the form of a traveling wave plus a response, which occurs
instantaneously throughout the body [7], and Warren and Chen
[28] investigated the wave propagation in the two-temperature
theory of thermoelasticity. Recently, Youssef [20] investigated a
two-temperature generalized thermoelasticity theory together
with a general uniqueness theorem and solved many applications
in the context of this theory[31], [32].

The paper deals with a specific organization form of matter.
Other forms and description are given for example in the Refs.
[19],[25],[33]. In most cases quantum theory is necessary for the
description of the organization forms of matter. But even the
interpretation of modern quantum theory seems still to be an
open question, as is demonstrated in Ref. [5], [13],[20] [29].

The present paper is to investigate the effect of the rotation and
the magnetic field on the plane waves in a linearly generalized
thermoelastic isotropic medium with a two temperature in the
context of five theories. The normal mode analysis is used to
obtain the exact expressions for the considered variables. The
distributions of the considered variables are presented
graphically. Numerical results for the field quantities are given
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and illustrated graphically in the presence and absence of the
rotation, magnetic field and two-temperature parameter.
2. Formulation of the problem

Consider the problem of a rotating thermoelastic half-space
(x >0).The elastic medium is permeated into a uniform magnetic

field with a constant intensity H=(0,0,H,), acting parallel to the

boundary plane (taken as the direction of the z - axis). The surface

of a half-space is subjected to a thermal shock which is a function
of y and t. Thus, all quantities considered are independent of :

and the third component of the displacement vector vanishes.
When the body forces are neglected, the governing equations are:
(1)  Strain-displacement relation

_1
1j 2
Where the components of the displacement vector are
u, =(u,yv,0).

(2) Stress-displacement relation

e U +u;) B Q=12 (1)

d
oij =2uej; +[Aie —y(1+uv, a)T 165 , (2)
Heat conduction equation [93]:
« 0 0\ o\ .
K (n +r15)6{“ =pCg (N, +7, a)T +yTo (N +Ny7, 5)e, (3)
Such that,
T :H_a*e,ii ’ (4)

Equation of motion

Since the medium is rotating uniformly with an angular
velocity Q=«onwhere nis a unit vector representing the
direction of the axis of the rotation, the equation of motion in the
rotating frame of reference has two additional terms (Schoenberg
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and Censor [11]): centripetal acceleration QA (QAu)due to time
varying motion only and Corioli's acceleration 2Q Au, then the
equation of motion in a rotating frame of reference is

p[u, +{Q/\Q/\U}I +2(QAU)I]:GJIJ+FI’ |,J :1,2,3 (5)
Where F; is the Lorentz force and is given by:

Fi = (3% H);. (6)
The variation of the magnetic and electric fields are perfectly

conducting slowly moving medium and are given by Maxwell's
equations:

curlh=J+¢&,E, (7)
curl E=—uqh, (8)
E=—uo (UxH), (9)
divh =0. (10)

Where o are the stress components, 1, are elastic constants,
y=0BA+2u)ey, ois the thermal expansion coefficient, & is
Kronecker's delta, T is the temperature above the reference
temperature T,, K is the thermal conductivity, n",n,,n,are
parameters, 77,0, are relaxation times, pis the density,
Cg is the specific heat at constant strain, ¢ is the conductive
temperature, u; are the components of the displacement vector,
e; are the components of the strain tensor, ux,is the magnetic
permeability, &, is the electric permeability, J is the current

density vector, E is the induced electric field vector, his the
induced magnetic field vector and H, is the

constant magnetic field.
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Expressing components of the vector J=(J,,J,,J3) in terms of
the displacement by eliminating the quantities h and E from
equation (7), thus yields

Ji=hy +equoHy', Jp=—hy—souoHgi, J3=0. (11)
Substituting from Eq. (11) in Eqg. (6), one can get

R = —uoHohy —eoug Hoti,  Fp = —uoHohy —eou§ HEV, F3=0. (12)

From Egs. (2) and (12) into Eqg. (5), the equations of motion can
be written as

. 3 a I
P — QU —2NV) = uVu +(A+ e, —r1+v, E)T'X — toHh —8ON§H§U,
(13)

o — QX +2020) = u VA +(A+ e, — L+, g)T’y — toHghy —So,ugH 02\/

(14)
From Eqgs. (7)- (10), it can be concluded that:
h=-Hge. (15)
The constitutive relations, using Eq. (2), can be written as

T = G+ 20t 27y =y (L0 T (16)
0

Oy =Auy+(A+2u)v —y(l+UOE)T, (17)

O =he—y (l+UOa%)T' (18)

Oxy —H (”,y V) Oy =0y, =0. (19)

For simplification, the following non-dimensional variables are
used:

The fifteenth issue of September2019 \ 99 , Journal of Faculties of Education



\nﬂuence of rotation and generalized magneto-thermoelastic medium with two temperature under different theorie/

et 1o * , C()* , CO*
{t ,tl,To,Uo}:a) {t,tl,To,Uo}, Ui :&ui ) Xi :—Xi )
7To Co
G..
{F’,H}zw, o =——, h’=L, -2 i,j=1,2,3
To 7To Ho 1)
(20)

Where, o =pCeci/K and cf =(A+2u)/ p.

In terms of the non-dimensional quantities defined in (20) and
using (15), the above governing equations take the form
(dropping the primes over the non-dimensional variables for
convenience)

- Q%U — 20N = (1— B)V2 o _ 9,01
al —Q°u -2V =(1- B)Vu +h, > (1+U°at) ol (21)
e NG

av' — Q% +20U = (1- VA +hy — — L+ vy —) —, 22

oM D g (22)
(n"+z 2)V2¢9=(n +7, 3)T’+g(n + Ny, ﬁ)e' (23)

1at 1 0 ot 1 0‘0 ot '
T =(1-av?)e.
2H 2
Where,  g=1+2/070 ﬂz(’“f), h, =p+hg,
P PCo
2 2 * *D
h0=ﬂ0H201 oo 27T0 , a:aaé
PCo PTCECy Co
Also, the constitutive relations (16)-( 19) reduces to
0
Oxx —Ux +(2ﬂ_1)V,y_(l+UO g)T’ (25)
0

oy =(RB-1uy +v’y—(1+uoa—t)T, (26)
02 = @B -De ~(Lron DT, (27)
Oxy = (1_ﬂ)(”,y +V,x)’ Oxz =0yz =0. (28)
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We define the displacement potentials w,(x,y,t) and w,(x,y,t)
which relate to the displacement components u and v as

U=Wi, +¥2y, V=, —Wo, (29)
3. NORMAL MODE ANALYSIS

The solution of the considered physical variables can be
decomposed in terms of normal modes as the following form:

Lv.eT. 0w w0y (x,y.t)=[u"v e T",6, %], ws 05 (x)exp(et +iby),
(30)
Where, the amplitudes of the field quantities are
u“ v e T *,9*,\yj,ny§,a;j](x), o is the complex time constant,
i =<—1 and b is the wave number in the y —direction.
Using Egs. (24), (29) and (30), Egs. (21)-(23) lead to

(D% —b))w; —b, w5+ (b;D? —b,)0" =0, (31)
b W1+ (D? —bg) w5 =0, (32)
—b, (D? -b?)y; + (bgD? —by)6" =0. (33)
Also, the constitutive relations (25) - (28) becomes

o, =DUu +ib2B-1v —aT (34)
o, =(28-1)Du" +ibv -l ", (35)
o, =2B-1)(D° -b*)yi-awT ", (36)
o, =(1-p)(ibu"+Dv"), o, =0o, =0. (37)
Where

2 2
__ am
Po@-p+h)
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_w(1+ab?) b — 20w , aw’ -

‘Ta-phy’ e s
b, = gw(n, +n,7,0),
bg = (N +t,0) +am(n, +7om), by =b?(n" +t,0) + w(n, + 7)1 +ab?).
Eliminating o"(x) and w;(x)between Egs. (31)—(33), we get the
following sixth order ordinary differential equation satisfied with
w1(x)

[D° —A1D* +A2D? ~ A3l¥i(x) =0. (38)
Where,
AL bebg +bg +bibg +bsb, (b2 +bg) +b,b, |
(bsb; +bg)
~ (by +1g)bg + (bybg +b,bs)bg +bghghb? +h,b, (07 +bg)
2" (bsb; +bg) ’

_ (bybg +b,bg)bg +b bbb

- (bsb; +bg) .
Equation (38) can be factored as
(D? —k{)(D* -k )(D? —k3)¥i(x) =0, (39)
Where k’(n=12,3) are the roots of the characteristic equation of
Eq. (38).
The solution of Eq. (38), which is bounded as x — o, is given by
TI(X):ZS:MH e “n* (40)

n=1

In a similar manner, we get

3 -k X
wi(x)= D HypM, e " (41)
n=1
3
0" (x)=D H,M e (42)
n=1
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Where M, (n=123)are some parameters and H.,, R b5k2),
6 ™n

— b7 (kn2 _bz)
™" (bkZ—b,) ~ Substituting from Egs. (40)—(42) and (30) in

Egs. (29), (24), (34)-(37) respectively, we get

u*(x)znZZLlnMn e, (43)

V*(X):éLZ"M" e, (44)

T*(x):nZS;HSnMn e, (45)

o, =g|_3n|v|ne“, (46)

o, =23:L4HM ek (47)
=)

o =ZS:L5nM e (48)
=

o =Y LM, e, (49)

=
Where, L, =ibH,, -k, L,, =ib+k H,, H, =[l-ak-b*)IH,,,
L,, =ib(25-1)L,, -k, L, —oH,,,

L, =ibL, —(28-1)k L, —aH,,,

L., =@28-1)(k?-b*)—wH,,, L., = (- p)(ibL, —k,L,).
The parameters M (n =1,2,3) have to be determined such that the
boundary conditions on the surface x =0 take the form
T(0,y.t)=f (0,y,t)=f "exp(at +iby), 0, (0,y,t)=0y (0,y,t)=0.(50)
Where f (y,t) is an arbitrary function of y t,and f~ is the
magnitude of the constant temperature applied to the boundary.
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Using the expressions of the variables considered into the above
boundary conditions (50), we can obtain the following equations
satisfied by the parameters M (n=12,3)

3

ZS:HSnMn:f*, ZS:LSHM”:O, D> LM, =0. (51)
n=1 n=1

n=1

Solving Eqgs. (51), we get the parameters M, (n =1,2,3) defined as

follows:
A A A
M, =-1, M,=-2, My==32.
1A 27 A SN
(52)

Where,

A=H 31[R32R63 - R33R62] —H 32[R31R63 - R33R61] +H 33[R31R62 - R32R61]’

A1=f [R32R63_R33R62]’ Azz_f [R31R63_R33R61]’
A3:f [R31R62_R32R61]'

4. Particular cases

1. Neglecting the magnetic field ( i.e. H,=0) in the above

equations, the expressions for the displacement components,
force stresses, conductive temperature and thermodynamic
temperature distribution in a rotating generalized thermoelastic
medium with two temperature can be obtained.

2. The expressions for the displacement components, force
stresses and temperature distribution in a rotating generalized
magneto-thermoelastic medium can be obtained

from the above equations by taking a=0(a=0 indicates one type
temperature).

3. Neglecting the angular velocity (i.e. ©2=0) in the above
equations, one can obtain the displacement components, force
stresses, conductive temperature and temperature distribution in a
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non-rotating generalized magneto-thermoelastic medium with
two temperature.

After substituting 2=0 in Egs. (5), (13)-( 14) and use Egs. (20),
(29) and (30), it can be reached that:

(D? —b,)¥i+ (b,D* —b,)d" =0, (53)
(D* -m*)y; =0, (54)
—b,(D* —b?)y; + (b;,D* —b,)8" =0. (55)

Eliminating ¢"(x) and w;(x) in Egs. (53) and (55), we get the
following fourth order ordinary differential equations for 6" (x)
and wi(x):

[D* —AD* + BI{wi(x),6 (x)}=0. (56)
Equation (56) can be factored as
(D —k/)(D* =k ){wi(x), 0 (x)}=0. (57)
Where k’(n=1,2) are the roots of the characteristic equation of
Eq. (56), A :bl'b8+b9+b7(b4+b3b2), B :bl'b9+b4b7b2,
(b.b, +b,) (b.b, +b,)
b, =b? aw’ : _pry 2

+——m .
d-4+h) 1-5)
The solution of Egs. (56) and (54), take the form

2

wix)=>2Z,e™", (58)
=1
2

0" (x)=>G,Z, e, (59)
n=1

Po(x) = Z, e™. (60)

kn2 _blr

Where 7z (n=1,2,3) are some parameters and G, =
4 M3l

Using Egs. (24)-(30), (58)-(60), we get the expressions for
displacement components, force stresses, conductive temperature
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and temperature distribution in a non-rotating generalized
magneto-thermoelastic medium with two temperature as follows:

2
U(x) ==k, Z,e " +ibz e ™, (61)
n=1
2
vix)=ibY Z, e ¥ ymz,e™™, (62)
n=L
. 2
6 (x)=Y Gy, Z, e, (63)
n=1
2
T'x)=Y.G,y, 2,87 %, (64)
n=1
2
O (X) =Y Gy Z €K% 45, 7,67™ (65)
n=1
2
Oy (X) = Gy Zp e M 5,7, 67™, (66)
n=1L
2
037 (X) =Y Gy Zp &%, (67)
n=1
2
Oy (x) =Y Gg, Z 7" 45,Z,67™, (68)
n=L
Where,
G,, =[1-a(k? -b?)IG,,, Gy, =kZ-b2(28-1) -a,G,,,

G,, =(2B-DkZ-b%-@G,,, Gy, =2B-Yk:-b)-wG,,,

Gg, =2ib(B-Dk,, s, =2ibm(B-1), s,=(m?+b%)(B-1).
Applying the boundary conditions (50) at the surface x =0, a
system of three equations is obtained. After solving this system,
the coefficients Z,,(n =1,2,3) can be defined as follows:

!

A _8y
A! ! 2 Al

! !

AV

Z,= , Z, (69)
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Where,
N'=G[Ggy8, =Gp811-G5[G58, —Ggys1], A =f Gy, ~Geys1]
Ay =~ B3, ~Girsi] Ay = '[63Gg ~G3Ge1l
5. Special cases of thermoelastic theory
Equations (3) and (5) are the field equations of the generalized

linear magneto-thermoelasticity for a rotating media, applicable
to the coupled theory, four generalizations, as follows:

Theory n“| M| Ng |t T | W

The coupled theory (CT) 1] 1 0 0 |0
>0

Lord-Shulman theory (L-S) 1] 1 110 |[>0| O

Green-Lindsay theory (G-L) 1] 1 0| 0 |[>0|>0

Green-Naghdi without 110 110 1|10

energy dissipation (G-N 1)

Chandrasekaraiah-Tzou 1 1 1 (>0 |>010

theory (DPL)

6. Numerical results and discussions

Copper material was chosen for purposes of numerical
evaluations and the constants of the problem were taken as
follows:

A=7.76x10"" N .m~2, 1=3.86x10" kg.m1s2,
K =386w.m 1k 2,

o =1.78x107°k 7, p=8954kg.m~3, Cp =383.13kg Tk H,
T, =293K.

The comparisons were carried out for
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y=01 f'=1 w=ay+ié& @=0.7 £=0.1 b=0.5
t,=06, 7,=08 v,=11 a=01 @=01 H,=10%

The computations were carried out for a value of time t =0.7. The
numerical data, outlined above, were used for the distribution of
the real part of the displacement components uand v,the

conductive temperature, the thermodynamic temperature T and
the stress components o, and o,, for the problem under

consideration. All the considered variables depend not only on
the variables t,x and vy, but also depend on the thermal

relaxation times t;, 7, and v,. The results are shown in Figs. 1-9.

The graphs show the six curves predicted by three different
theories of thermoelasticity (G-L, G-N II, and DPL). In these
figures, the solid lines represent the solution in the generalized
G-L theory, the dashed lines represent the solution using G-N 1l
model and the dashed-dotted lines represent the solution in the
context of the DPL model. Here all the variables are taken in
non-dimensional forms.

Figures 1-4 show comparisons among the considered variables
in the absence and presence of the magnetic field (i.e. H, =0,10°?)

for 2=0.1and a=0.1.

Figure 1 shows that the distribution of the vertical
displacement v always begins from negative values. In the
context of the three theories, the values of the vertical
displacement v decrease in the beginning to a minimum value in
the range 0<x <1.2, then increase in the range 1.2<x <8, and
also move in a wave propagation. It is also clear that the
magnetic field acts to increase the magnitude of the real part of v
and the values of vbased on the G-N Il model are large
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compared to those based on the G-L theory while they are
small compared to those based on the DPL model.

Figures 2 and 3 demonstrate that the distribution of the
conductive temperature gand the thermodynamic temperature T
begins from a positive value and satisfies the boundary
conditions at x =0. In the context of the three theories and in the
absence and presence of a magnetic field (i.e. H,=0,10°), ¢ and

T decrease in the range 0<x <8. The values of ¢ and T
converge to zero with increasing the distance x at x >8. It is also
obvious from this figure that the magnetic field has no great
effect on the distribution of the conductive temperature ¢ and the
thermodynamic temperature T. Also, the values of both ¢ and T
in the context of the DPL model are higher than those in the
context of the G-L theory while they are lower than those in the
context of the G-N Il model.

Figure 4 shows the distribution of the stress component oy,

and demonstrates that it reaches a zero value and satisfies the
boundary conditions at x =0. In the context of the three theories,
the values of o, increase in the beginning to a maximum value

In the range 0<x <1.7,then decrease in the range 1.7<x <8.1t is

clear that the magnetic field acts to decrease the magnitude of the
real part of o,,.This is mainly due to the fact of magnetic field

corresponds to the term signifying positive force that tend to
accelerate the model particles. The values of o,, based on the G-

N Il model are large compared to those in the context of the DPL
model while they are small compared to those in the context of
the G-L theory.

The fifteenth issue of September2019 \ 109 , Journal of Faculties of Education



\nﬂuence of rotation and generalized magneto-thermoelastic medium with two temperature under different theorie/

Figures 5-7 show comparisons among the considered variables
for different values of «© («2=0,0.1)in the presence of a magnetic
field #,=10° and a=0.1.

Figure 5 depicts that the distribution of the horizontal
displacement u always begins from negative values. In the
context of the three theories, the values of u start with increasing
to a maximum value in the range 0<x <1.2,then decreasing in
the range 1.2<x <8 for 2 =0.1. However, in the context of the
three theories, the values of u increases in the range 0<x <8 for
2=0. It also shows that the rotation acts to increase the
magnitude of the real part of u.

Figure 6 depicts that the distribution of the thermodynamic
temperature 7 always begins from a positive value and satisfies
the boundary conditions at x =0. In the context of the three
theories, the values of the temperature 7" decrease in the range
0<x <8 for ©2=0,0.1.

Figure 7 demonstrates that the distribution of the stress
component o,, , in the context of the three theories, begins from
zero and satisfies the boundary conditions at x =0 for @ =0,0.1.
In the context of the three theories, the values of o, start with
decreasing to a minimum value in the range 0<x <1.2, then
increase in the range 1.2<x <8 for ©2=0,0.1. It is also clear that
the rotation acts to decrease the magnitude of the real part of
Oyx -

Figures 8-9  show comparisons among the considered

variables for two different values of the non-dimensional, two
temperature parameter a(a =0,0.1) where a =0 indicates one-type

temperature and a=0.1 indicates two-type temperature in the
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presence of a magnetic field (i.e. #H,=10°%) and rotation (i.e.
2=01).

Figure 8 shows the variation of the vertical displacement v
for a=0,0.1. In this figure, a significant difference in the vertical
displacement v is noticed for different values of the non-
dimensional two temperature parameter a. Also, this figure
shows that the magnitude of v for a=0.1 is higher than that of
a=0.

Figure 9 gives the variation of the conductive temperature @
versus distance x in the case of one-type temperature as well as
two-type temperature. For both of the cases, it is observed that
conductive temperature decreases with the increase of distance
and finally goes to zero.

3D curves 10-12 are representing the relation between the
physical quantities and both components of distance, in the
presence of the magnetic field #,=10° and the rotation effect

02=0.1 in a generalized thermoelastic medium with two
temperature (a=0.1), in the context of the dual-phase-lag model
(DPL). These figures are very important to study the dependence
of these physical quantities on the vertical component of
distance. The curves obtained are highly depending on the
vertical distance and all the physical quantities are moving in
wave propagation.
7. Conclusion

By comparing the figures that were obtained for the three
thermoelastic theories, important phenomena are observed:
1. The values of all physical quantities converge to zero with
increasing distance x,

and all functions are continuous.
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2. All physical quantities to satisfy the boundary conditions.

3. The phenomenon of finite speeds of propagation is
manifested in all
figures..

4. The rotation and magnetic field have important roles in the
distribution
of the field quantities except the temperature.
5. Analytical solutions based upon normal mode analysis of the
thermoelastic problem in solids have been developed and
utilized.

o
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Fig. 1 Vertical displacement distribution v in the absence and
presence of magnetic field

5 (=3 7 8

Fig. 2 Conductive temperature distribution ¢in the absence and
presence of magnetic field
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G-L

— *— DPL

Fig. 3 Thermodynamic temperature distribution T in the absence
and presence of magnetic field

0.01 —/

Fig. 4 Distribution of stress component o,, in the absence and
presence of magnetic field

-2

Fig. 5 Horizontal displacement distribution u in the absence and
presence of rotation
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Fig. 6 Thermodynamic temperature distribution T in the absence
and presence of rotation

Fig.7 Distribution of stress component o, in the absence and
presence of rotation

Fig.8 Vertical displacement distribution v for two different values
of a two temperature parameter a=0,0.1
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Fig. 9 Conductive temperature distribution ¢ for two different
values of a two temperature parameter a=0,0.1

10

Fig. 10 (3D) Distribution of the displacement component v
against both components
of distance based on DPL model at ©2=0.1, a=0.1

and H,=10%
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KK
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Fig. 11 (3D) Thermodynamic temperature distribution T against
both components
of distance based on DPL model at 2=0.1, a=0.1

Fig. 12 (3D) Distribution of the stress component o,, against

both components
of distance based on DPL model at ©2=0.1, a=0.1

and H, =10°
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