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In this paper the linear theory of the thermoelasticity has been employed to study the effect of the rota-
tion in a thermoelastic half-space containing heat source on the boundary of the half-space. It is assumed
that the medium under consideration is traction free, homogeneous, isotropic, as well as without energy
dissipation. The normal mode analysis has been applied in the basic equations of coupled thermoelastic-
ity and finally the resulting equations are written in the form of a vector- matrix differential equation

which is then solved by eigenvalue approach. Numerical results for the displacement components, stres-
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ses, and temperature are given and illustrated graphically. Comparison was made with the results
obtained in the presence and absence of the rotation. The results indicate that the effect of rotation,
non-dimensional thermal wave and time are very pronounced.

© 2017 A.M.Abd-Alla, Faculty of Science Sohag, Egypt. Published by Elsevier B.V. This is an open access

Rotation article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Half-space
Introduction diffusion problem for a half-space. The wave propagation in two

During the past few decades, widespread attention has been
given to thermoelasticity theories that admit a finite speed for
the propagation of thermal signals. In contrast to the conventional
theories based on parabolic type heat equation, these theories are
referred to as generalized theories. Because of the experimental
evidence in support of the finiteness of the speed of propagation
of a heat wave, generalized thermoelasticity theories are more
realistic than conventional thermoelasticity theories in dealing
with practical problems involving very short time intervals and
high heat fluxes such as those occurring in laser units, energy
channels, nuclear reactors, etc. The phenomenon of coupling
between the thermomechanical behavior of materials and mag-
netic behavior of materials have been studied since the 19th cen-
tury. The extensive literature on the topic is now available and
we can only mention a few recent interesting investigations in
Refs. [1-19]. Ailawalia and Narah [20] investigated the effect of
rotation in a generalized thermoelastic medium with hydrostatic
initial stress subjected to ramp-type heating and loading. Kumar
and Devi [21] discussed Magneto thermoelastic with and without
energy dissipation Half-Space in contact with Vacuum. He et al.
[22] investigated the two-dimensional generalized thermoelastic
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temperature theory of thermoelasticity was investigated by War-
ren and Chen [23]. Zhu et al. [24] discussed the steady-state
response of thermoelastic half-plane with voids subjected to a sur-
face harmonic force and a thermal source. Deswal et al. [25] inves-
tigated the plane waves in a fractional order micropolar
thermoelastic half-space. Singh [26] discussed the effect of hydro-
static initial stresses on waves in a thermoelastic solid half-space.
A half-space problem in the theory of generalized thermoelastic
diffusion has been studied by Sherief and Saleh [27]. Sharma and
Bhargava [28] investigated the propagation of thermoelastic plane
waves at an imperfect boundary of thermal conducting viscous lig-
uid/generalized thermolastic solid. Sarkar and Lahiri [29] studied
the three-dimensional thermoelastic problem for a half-space
without energy dissipation. Quintanilla [30] investigated thermoe-
lasticity without energy dissipation of materials with microstruc-
ture. Youssef [31], constructed a new theory of generalized
thermoelasticity by taking into account two-temperature general-
ized thermoelasticity theory for a homogeneous and isotropic body
without energy dissipation. Atwa and Jahangir [32] have studied
two-dimensional problem of generalized thermoelasticity to study
the effect of rotation. Othman and Song [33] studied the effect of
rotation on the reflection of magneto-thermoelastic waves under
thermoelasticity without energy dissipation.

The solution of the present problem has been achieved in nor-
mal mode analysis and eigenvalue approach techniques to deter-
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mine deformation, stresses and temperatureform. The tempera-
ture, displacements and stresses are obtained in the physical
domain. The effect of the rotation, time and non-dimensional ther-
mal wave on the stresses, displacements and temperature distribu-
tion have been shown graphically. Comparisons are made with the
results in the presence and absence of rotation of the thermoelastic
half-space without energy dissipation.

Formulation of the problem

We consider a homogenous, isotropic thermoelastic half-space
in two-dimensional space subjected to a time dependent heat
source on the bounding plane. The medium is rotating uniformaly
with respect to an inertia frame and constant rotating vector in an
X, y, z rectangular Cartesian frame rotating with the medium is

Q= Qn. The governing equations developed by Green and Naghdi
[34], in the absence of heat sources or body forces.

The equations of motion in an isotropic thermoelastic medium
are:

Pu 2, Pu 2u oPw 9T
*w *w  OPw u 9T
P{atz -Q'w ] (i+2ﬂ)@+ﬂw(l+ﬂ)—axaz—yg (2)

The Temperature field T(x, z, t) is assumed to satisfy the general
heat conduction equation:

PT 0T o*T e

The thermal stresses in an isotropic elastic solid subjected to
plane strain in two dimensions are:

O = Zu% + e —9yT, 0, = ie—"T,

1(5+ %) @)

where 4 and p are Lame’s constant, p is the density, o;; are the com-
ponents of the stress tensor, u, w are the components of the dis-
placement vector, t is the time, T is the temperature, C¢ is the
specific heat, 7 = (32 + 2u)ar where o is the coefficient of linear
thermal expansion, K is the thermal diffusivity, characteristic of
T-Ty

ow
Oy = zug + 78 =T, Ty, =

the theory, Ty is the temperature of the medium such that ‘ < 1.

e:<%+aa—vz">. (5)

For convenience of the analysis, the following dimensionless
quantities are introduced:

1 oot i42
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where [ is the length and Cr = 5 is the non dimensional thermal

wave speed, (2 = ’*pz“ is the longltudmal wave velocity, C2 f’; is
the shear wave velocity and ¢r is the thermoelastic coupling param-
eter. In view of this and quantities (5a), Egs. (1)-(5) can be rewritten

in the non-dimensional form as follows

o*u *w 9T u
8x2+ﬁ822 =P oxaz " ox o2~ Y ®)

’w Fu 9T FPw
02 +ﬁ8x2 (1=F) oxoz 9z ot —w @)
_oT e
szz atZ tér—= 8t2 ! (8)
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where
62 82 M
2 = — — =
v “o oz b (A+2M)
From Egs. (5), (6) and (7), we get
5 Ou e PT  &Pu _,ou
PVt Paa 52 = mor o (10)
2 OW e 0T  du  _,ow
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Adding Eqgs. (10) and (11) and using Eq. (5), we obtain

Ve ver=? 2E o 12)
ot

The mean value of the stresses is:

Gzo-xx+azz (]3)
2

Adding Eqgs. (9) and (10) and using Eqgs. (5)-(13), we obtain
o=o0e—T (14)
where

_(2-3p)

¥

Eliminating the dilation e from Egs. (8), (12) and (14), we get:

>PT o
V2o + (1 - a)V?T = T —-Q*(T+o0) (15)
V2T = o+ ér ﬂ+8_T82_0 (16)
S\ ac? ) ot a2 ot

Normal mode analysis
We apply the normal modes of the form:

(u,w,e, T, 09)(x, 2, t) = (', w', &', T, ¢°)(x)e ™ (17)
where i = v—1, w is the angular frequency and b is the wave num-
bers in the z-directions respectively. Using Eq. (17), we can obtain

the following equations from Egs. (15) and (16) respectively
&1

- =CT + G0 (18)

d2

- =DiT" + Dyo" (19)
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where
1
Ci = (@ = Q)+ er) +ab’C,
T
C,— w3er
ac’
(@ -0%) 20
Dy =———[aCr — (1 —o)(a+ &r)],
oCs
D, = é [C2(? — Q@ + D) — (0 + QP)er(1 — ).
T

Egs. (18) and (19) can be written in the form of a vector-matrix
differential equation as:

dv
a_AV (21)
where
T 0 0 10
gt 0 0 01
V= . A= 22
a GG G 00 (22)
do Dy D, 0 O

dx

Solution of the vector-matrix equation

We find the solution of Eq. (21) by the following the method of
eigenvalue approach as in following the solution methodology
through eigenvalue approach as in Das and Bhakta [36].

The characteristic equation of a matrix A is of the form

)v4 — (C] -+ Dz)/lz + (C1D2 — C2D1) =0 (23)
The roots of the Eq. (23) are of the form

i =%, £l (24)

where

(€D ()G D2 ~4ED, - GDY)

li = 2 ) =1

The right eigenvector y = [, ¥, X3, X5]" corresponding to eigen-
value 4 can be considered as
(V2 -Dy)

Gi
202 = Dy)

2G4y

x= (25)

From Eq. (25), the eigenvector y corresponding to the eigen-
value 1 =/; can easily be calculated. We use the following
notations:

1= [X]z:;.p X2 = [X];;;_lv A3 = [X]/‘.:;.zﬁ Xa= [X];.:;_z (26)

Assuming the regularity condition at infinity, the solution of Eq.
(21) can be written as

(x > 0), (27)

where Ay, A, are constants to be determined by the boundary con-
dition of the problem. From Egs. (14) and (22) on using Egs. ((28)-
(29), we can find the expression of T*(x), 6*(x) and e*(x) as follows:

V=A,e "l +Ay,e”

T*(x) = A1 (22 — Da)e ™ + Ay (/3 — Dy)e ™ (28)

0" (x) = Cr(Are " + Ae ) (29)
1 " »

e'(x) = [Ar (A2 4+ Cy = Dy)e M + Ay (22 +Ci — Dy)e ] (30)

Application

It is clear, the considered model is associated with the following
boundary conditions

(a) The boundary condition for traction freet in case of plane to
the surface x =0 ¢(0,z,t) = 0x(0,2z,t) = 6,(0,2,t) =0
which gives

0°(X) =05 (x) =0,(x) =0 at x=0 (31)
(b) The thermal boundary condition is
qn+VT:QO(Oyz5t) (32)

where ¢, is the normal components of the heat flux vector
and Qq(0,z,t) is the intensity of the applied heat sources. In
order to use the thermal boundary condition (32), we use
the generalized Fourier’s law of heat conduction in the non-
dimensional form, namely

aT
G = (33)
From Egs. (31) and (32) and Eq. (17), we obtain
. dT”
VT—H_Q0 at x=0 (34)

Eqs. (28) and (29) with Egs. (31) and (34) yield two non-
homogeneous equations for two arbitrary constants A; and A,
we get

A1(q +V)(J3 = D3) +As(J2 + V) (35 — D2) = Qg

(34a)
Al +A =0

The constants A; and A, determined from Eqs. (34a) by using
Cramer’s rule we obtain

A = % and A, = ;AQO (35)
where

A= (}1 — )2)[(}»1 + iz)(V + A+ ).2) — Ay — Dz]
From Eq. (10) and using Eq. (17), we get

d? " "

where 22 = <b2 + %) and

Aili .
m= (%) 0=+ (1~ g -Da) i=1.2

The solution of the ordinary differential Eq. (36) is

* iy M
uf(x) = Aze " + ————
V)

M e—/ﬁé‘ (37)

et g
(43 = 4)

where 225252 and A; is a constant From Eqs. (4) and (14) after
using Eq. (17) we get

o = 28 d”;ix) + (#) o (xX) + (1*“%[25) T (x).

(37a)

From the boundary conditions (31) and using Eq. (37),
we get

du’ (x) _ <a+2/3— 1

0 548 )T*(x) at x=0 (38)
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Fig. 1. Variation of the temperature T, principle stress o, strain e and displacement u with respect to the axial x for different values of the non-dimensional thermal wave cr.

From Eqgs. (28) and (37) and Eq. (38), we get

(1 — o —2p)(42 — A2 y! y!
A3 — ( aAﬁ)( 1 ) —- 1?2]_1 - 1722_2 5 (39)
zan (AT =) (A3 —2y)

The dimensionless temperature T, normal stress o, strain e and
displacement u can be deduced from Egs. (28)-(30) and Eq. (37) by
using Eq. (17) as follows

T(x,z,t) = e” cos(bz)[A1 (A2 — Dy)e ™" + Ay(J3 — Dy)e ™, (40)
o(x,z,t) = Cre” cos(bz)[Ar e + Ay dpe 3], (41)
wt
e(x.z.t) = P a2 ¢~ Dy 4 M + €~ Dayet]
(42)
u(x,z,t) = e cos(bz) [A3e"~ux +— il e > e }
(212 (212
(43)

Special cases

(i) If Q=0, in Eqgs. (40)-(43), we obtain the corresponding
expression for displacement, strain, principle stresses and
temperature for isotropic thermoelastic solid without
energy dissipation. The obtained results are similar to
Sharma and Chouhan [35].

Numerical example and discussions

With an aim to illustrate the theoretical results obtained in the
preceding section and to show the effect of rotation, we now pre-
sent some numerical results. The numerical work has been carried
out with the help of computer programming using the software
Maple. Materia chosen for this purpose is magnesium crystal, the
physical data for which is given as Following He et al. [22].

¢r =00168, 2=067, f=0:25 =2,
a=12, b=123,
V=50, Q,=20, Cr=2.

The computations were carried out for:

Fig. 1 shows the variation of the temperature T, principle stress
o, strain e and displacement u with respect to the axial x for differ-
ent values of the non-dimensional thermal wave cr. It is observed
that the temperature increases with increasing of the axial x at
cr = 0.3, while it decreases with increasing of the axial x at
cr = 0.5, 0.7, the principle stress decreases with increasing of the
axial x at c; = 0.3, 0.5, 0.7, the strain increases with increasing of
the axial x at cr = 0.3, while it decreases with increasing of the
axial x at ¢y =0.5,0.7 and the displacement increases with
increasing of axial x at ¢ = 0.3, 0.5, 0.7.

Fig. 2: displays the variation of the temperature T, principle
stress, strain e and displacement u with respect to the axial x for
different values of the rotation Q. It is observed that the tempera-
ture decreases with increasing of the axial x at Q = 0.3, 0.5, 0.7, the
principle stress decreases with increasing of the axial x at
Q=0.3,0.5, 0.7, the strain decreases with increasing of the axial
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Fig. 2. Variation of the temperature T, principle stress ¢, strain e and displacement u with respect to the axial x for different values of the non-dimensional thermal wave Q.
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Fig. 3. Variation of the temperature T, principle stress g, strain e and displacement u with respect to the axial x for different values of the non-dimensional thermal wave t.

xat Q= 0.3, 0.5, 0.7 and the displacement increases with increas- Fig. 3 explains the variation of the temperature T, principle
ing of axial x at Q =0.3,0.5,0.7. stress o, strain e and displacement u with respect to the axial x
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for different values of the time t. It is observed that the tempera-
ture decreases with increasing of the axial x at t =0.3,0.5,0.7,
the principle stress decreases with increasing of the axial x at
t=0.3,0.5, 0.7, the strain decreases with increasing of the axial
x at t =0.3,0.5, 0.7 and the displacement increases with increas-

ing of axial x at t = 0.3, 0.5, 0.7.Fig. 4 shows the variation of the
temperature T, principle stress g, strain e and displacement u with
respect to the axial x for different values of the axial z. It is
observed that the temperature decreases with increasing of the
axial x at z=0.3,0.5,0.7, the principle stress decreases with
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increasing of the axial x at z= 0.3, 0.5, 0.7, the strain decreases
with increasing of the axial x at z= 0.3, 0.5, 0.7 and the displace-
ment increases with increasing of axial x at t = 0.3, 0.5, 0.7.

Fig. 5 shows the variation of the temperature T, principle stress
o, strain e and displacement u with respect to the axial x when
vanishes the rotation Q for different values of the frequency w. It
is observed that the temperature decreases with increasing of the
axial x at w =0.3,0.5,0.7, the principle stress decreases with
increasing of the axial x at w = 0.3, 0.5, 0.7, the strain decreases
with increasing of the axial x at @ = 0.3, 0.5, 0.7 and the displace-
ment increases with increasing of axial x at w = 0.3, 0.5, 0.7.

Fig. 6 shows the variation of the temperature T, principle stress
o, strain e and displacement u with respect to the axial x when
vanishes the rotation Q for different values of the time t. It is
observed that the temperature decreases with increasing of the
axial x at t=0.3,0.5,0.7, the principle stress decreases with
increasing of the axial x at t =0.3, 0.5, 0.7, the strain decreases
with increasing of the axial x at t = 0.3, 0.5, 0.7 and the displace-
ment increases with increasing of axial x at t = 0.3, 0.5, 0.7.

Fig. 7 shows the variation of the temperature T, principle stress
o, strain e and displacement u with respect to the axial x when
vanishes the axial z for different values of the time t. It is observed
that the temperature decreases with increasing of the axial x at
z=0.3,0.5, 0.7, the principle stress decreases with increasing of
the axial x at z= 0.3, 0.5, 0.7, the strain decreases with increasing
of the axial x at z=0.3,0.5,0.7 and the displacement increases
with increasing of axial x at z= 0.3, 0.5, 0.7.

Fig. 8 shows the variation of the temperature T, principle stress
o, strain e and displacement u with respect to the axial x when
vanishes the rotation Q for different values of the non-
dimensional thermal wave cr. It is observed that the temperature
decreases with increasing of the axial x at ¢y =0.3,0.5, 0.7, the
principle stress decreases with increasing of the axial x at
cr =0.3,0.5, 0.7, the strain decreases with increasing of the axial
x at cr = 0.3, 0.5, 0.7 and the displacement increases with increas-
ing of axial x at c; = 0.3, 0.5, 0.7.

Conclusions
The analysis of graphs permits us some concluding remarks:

o The rotation plays a significant role in the distribution of all the
physical quantities. The amplitude of all the physical quantities
vary (increase or decrease) as rotation increases. Presence of
rotation restricts the quantities to increase near the point of
application of source as well as away from the source.

e The displacement component and stress components show an
increase nature with increase or decrease amplitude with
respect to x due to presence of rotation. The resulting quantities
with and without rotation show opposite increase or decrease
pattern in the form of waves. These trends obey elastic and
thermoelastic properties of a solid under investigation.

o In absence of rotation, we observe the trends with increasing
amplitudes in case of concentrated normal force/thermal point
source. In case of uniformly distributed force/source, trends dif-
fer and some where it also results in non uniform pattern of
graphs.

e The result provides a motivation to investigate conducting
thermoelectric materials as a new class of applicable thermo-
electric solids. The results presented in this paper should prove
useful for researchers in material science, designers of new
materials, physicists as well as for those working on the devel-
opment of magnetothermoelasticity and in practical situations
as in geophysics, optics, acoustics, geomagnetic and oil
prospecting etc. The used methods in the present article is
applicable to a wide range of problems in thermodynamics
and thermoelasticity.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.rinp.2017.09.021.


https://doi.org/10.1016/j.rinp.2017.09.021

E.S. Bayones, A.M. Abd-Alla/Results in Physics 8 (2018) 7-15 15

References

[1] Abd-Alla AM, Abo-Dahab SM, Alotabi Hind A. On the influence of thermal
stress and magnetic field in thermoelastic half-space without energy
dissipation. ] Therm Stresses 2017;40:213-30.

[2] Abd-Alla AM, Abo-Dahab SM, Khan Aftab. Rotational effect of thermoelastic
Stoneley Love and Rayleigh waves in fibre-reinforced anisotropc general
viscoelastic media of higher order. Struct Eng Mech 2017;61:221-30.

[3] Abd-Alla AM, Abo-Dahab SM, Alotabi Hind A. Propagation of a thermoelastic
wave in a half-space of a homogeneous isotropic material subjected to the
effect of gravity fielf. Arch Civil Mech Eng 2017;17:564-73.

[4] Abd-Alla AM, Othman MIA, Abo-Dahab SM. Reflection of plane waves from
electcro-magneto-thermoelastic half-space with a dual-phase. CMC-Comput
Mater Continue 2016;51(2):63-79.

[5] Abd-Alla AM, Abo-Dahab SM, Kilany AA. SV-waves incidence at interface
between solid - liquid media under electromagnetic field and initial stress in
the context of thee thermoelastic theories. ] Therm Stresses 2016;39:960-76.

[6] Abd-Alla AM, Abo-Dahab SM, Alotabi Hind A. Effect of rotation on a non-
homogeneous infinite elastic cylinder of orthotropic material with magnetic
field. ] Comput Theor Nanosci 2016;13:4476-92.

[7] Yahya GA, Abd-Alla AM. Radial vibrations in an isotropic elastic hollow
cylinder with rotation. ] Vibr Control 2016;22:3123-31.

[8] Marin M, Lupu M. On harmonic vibrations in thermoelasticity of micropolar
bodies. J Vibr Control 1998;4:507-18.

[9] Marin M. A domain of influence theorem for microstretch elastic materials.
Nonlinear Anal: Real World Appl 2010;11:3446-52.

[10] Sharmal K, Marin M. Effect of distinct conductive and thermodynamic
temperature on the reflection of plane waves in micropolar elastic half-
space. U.P.B. Sci Bull, Series A 2013;75:121-32.

[11] Beldjelili Y, Tounsi A, Mahmoud SR. Hygro-thermo-mechanical bending of S-
FGM plates resting on variable elastic foundations using a four-variable
trigonometric plate theory. Smart Struct Syst, Int ] 2016;18:755-86.

[12] Bouderba B, Ahmed HMS, Tounsi A, Mahmoud SR. Thermal stability of
functionally graded sandwich plates using a simple shear deformation theory.
Struct Eng Mech 2016;58:397-422.

[13] Bousahla AA, Benyoucef S, Tounsi A, Mamoud SR. On thermal stability of plates
with functionally graded coefficient of thermal expansion. Struct Eng Mech
2016;60:313-35.

[14] Hamidi A, Houari MSA, Mahmoud SR, Tounsi A. A sinusoidal plate theory with
5-unknowns and stretching effect for thermomechanical bending of
functionally graded sandwich plates. Steel Compos Struct 2015;18:235-53.

[15] Abdelbaki C, Tounsi A, Habib H, Mahmoud SR. Thermal buckling analysis of
cross-ply laminated plates using a simplified HSDT. Smart Struct Syst
2017;19:289-97.

[16] Tounsi A, Houari MSA, Benyoucef S, Adda Bedia EA. A refined trigonometric
shear deformation theory for thermoelastic bending of functionally graded
sandwich plates. Aerosp Sci Technol 2013;24:209-20.

[17] Zidi M, Tounsi A, Houari MSA, Bég OA. Bending analysis of FGM plates under
hygro-thermo-mechanical loading using a four variable refined plate theory.
Aerosp Sci Technol 2014;34:24-34.

[18] Attia A, Tounsi A, Adda Bedia EA, Mahmoud SR. Free vibration analysis of
functionally graded plates with temperature-dependent properties using
various four variable refined plate theories. Steel Compos Struct
2015;18:187-212.

[19] Draiche K, Tounsi Abdelouahed, Mahmoud SR. A refined theory with stretching
effect for the flexure analysis of laminated composite plates. Geomech Eng
2016;11:671-90.

[20] Ailawalia P, Narah NS. Effect of rotation in a generalized thermoelastic
medium with hydrostatic initial stress subjected to ramp-type heating and
loading. Int ] Thermophys 2009;30(6):2078-97.

[21] Kumar R, Devi S. Magnetothermoelastic (Type-II and III) half-space in contact
with vacuum. Appl Math Sci 2010;69:3413-24.

[22] He T, Li C, Shi S, Ma Y. A two-dimensional generalized thermoelastic diffusion
problem for a half-space. Eur ] Mech A Solids 2015;52(7):37-43.

[23] Warren WE, Chen P]. Wave propagation in the two temperature theory of
thermoelasticity. ] Acta Mech 1973;16:21-33.

[24] Zhu YY, Li Y, Cheng CJ. Steady-state response of thermoelastic half-plane with
voids subjected to a surface harmonic force and a thermal source. Int ] Mech
Sci 2014;87(10):36-51.

[25] Deswal S, Kalkal KK. Plane waves in a fractional order micropolar magneto-
thermoelastic half-space. Wave Motion 2014;51(1):100-13.

[26] Singh B. Effect of hydrostatic initial stresses on waves in a thermoelastic solid
half-space. Appl Math Comput 2008;198(2):494-505.

[27] Sherief HH, Saleh HA. A half-space problem in the theory of generalized
thermoelastic diffusion. Int J Solids Struct 2005;42(15):4484-93.

[28] Sharma K, Bhargava RR. Propagation of thermoelastic plane waves at an
imperfect boundary of thermal conducting viscous liquid/generalized
thermolastic solid. Afr Mat 2014;25:81-102.

[29] Sarkar N, Lahiri A. A three-dimensional thermoelastic problem for a half-space
without energy dissipation. Int ] Eng Sci 2012;51(2):310-25.

[30] Quintanilla R. Thermoelasticity without energy dissipation of materials with
microstructure. ] Appl Math Model 2002;26:1125-37.

[31] Youssef HM. Theory of two - temperature thermoelasticity without energy
dissipation. ] Therm Stresses 2011;34:138-46.

[32] Atwa SY, Jahangir A. Two temperature effects on plane waves in generalized
thermomicrostretch elastic solid. Int ] Thermophys 2014;35:175-93.

[33] Othman MIA, Song Y. The effect of rotation on the reflection of magneto-
thermoelastic waves under thermoelasticity without energy dissipation. Acta
Mech 2006;184(1):189-204.

[34] Green AE, Naghdi PM. Thermoelasticity without energy dissipation. ] Elast
1993;31(5):189-208.

[35] Sharma ]N, Chouhan RS. On the problem of body forces and heat sources in
thermoelasticity without energy dissipation. Indian ] Pure Appl Math
1999;30:595-610.

[36] Das NC, Bhakta PC. Eigenvalue approach to three dimensional coupled
thermoelastic. Mech Res Commun 1985;12:19-29.


http://refhub.elsevier.com/S2211-3797(17)30782-9/h0005
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0005
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0005
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0010
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0010
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0010
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0015
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0015
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0015
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0020
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0020
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0020
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0025
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0025
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0025
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0030
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0030
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0030
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0035
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0035
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0040
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0040
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0045
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0045
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0050
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0050
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0050
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0055
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0055
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0055
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0060
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0060
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0060
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0065
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0065
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0065
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0070
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0070
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0070
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0075
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0075
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0075
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0080
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0080
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0080
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0085
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0085
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0085
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0090
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0090
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0090
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0090
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0095
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0095
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0095
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0100
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0100
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0100
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0105
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0105
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0110
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0110
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0115
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0115
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0120
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0120
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0120
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0125
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0125
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0130
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0130
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0135
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0135
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0140
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0140
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0140
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0145
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0145
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0150
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0150
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0155
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0155
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0160
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0160
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0165
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0165
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0165
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0170
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0170
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0175
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0175
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0175
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0180
http://refhub.elsevier.com/S2211-3797(17)30782-9/h0180

	Eigenvalue approach to coupled thermoelasticity in a rotating isotropic medium
	Introduction
	Formulation of the problem
	Normal mode analysis
	Solution of the vector-matrix equation
	Application
	Special cases
	Numerical example and discussions
	Conclusions
	Appendix A Supplementary data
	References


