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Series III: Mathematics and Computer Science, Vol. 4(66), No. 2 - 2024, 1-18

https://doi.org/10.31926/but.mif.2024.4.66.2.1

INFLUENCE OF GRAVITY AND MECHANICAL STRIP
LOAD ON MICROPOLAR THERMOELASTIC MEDIUM IN
THE CONTEXT OF MULTI-TEMPERATURES THEORY

Elasyed M. ABD-ELAZIZ1, Marin MARIN2,3 and
Mohamed I. A. OTHMAN∗,4

Abstract

A new model of multi-temperatures for a generalized micropolar thermo-
elastic medium has been established in this paper. A medium is affected by
a gravitational field and two types of mechanical strip load (continuous load
and impact load). The technique called Laplace Fourier transform has been
utilized to obtain the analytical expressions of variables under deliberation.
The numerical and graphical illustration of the results has been carried out
to indicate the differences among one temperature model, the classical dual-
temperature model, and the hyperbolic dual-temperature model upon the
Lord and Shulman theory. Also, in the case of Coupled Theory (CT) and
Lord and Shulman theory (L-S), we discussed the effect of the gravitational
field and mechanical strip load. The most significant points are highlighted.
The current investigation has led us to deduce some particular cases of special
interest. When it comes to heat conduction’s new general model then this
study will be extremely beneficial in developing a better understanding of
the ingrained features.
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1 Introduction

The Coupling Theory of thermoelasticity (CT Theory) is the result of mutual
coupling between strain and thermal fields. As soon as the coupling fades, no
dependence is left between these two fields and thus rises the static problem. The
coupling effects were considered in the works of Lesson [12] and Weiner [34]. Tak-
ing the usual framework of linear coupled thermoelasticity into account, governing
equations of thermoelasticity comprises two types of equations namely “parabolic
equation (diffusion-type) of heat conduction” and “hyperbolic equation (wave-
type) of motion.” The close observation of classical theory reveals that in the case
of the energy equation, one particular part of its solution tends to infinity. Thus,
it can be inferred that when mechanical or thermal disturbances are present in
an “Isotropic homogeneous elastic medium” then even at infinite distances from
the disturbance source, there is an instant effect of these displacement and tem-
perature fields. It points out towards physically impossible phenomena of the
propagation’s velocity being infinite for a part of the solution. To overcome this
problem, Lord and Shulman [13] came up with heat conduction’s hyperbolic differ-
ential equation as a result of modifying Fourier’s heat conduction law. It includes
the time required for heat flow’s acceleration as well as necessary adjustments
that have been made for the coupling of strain and temperature fields. A dis-
cussion over this paradox in “Coupled Theory of thermoelasticity” has also been
carried out by Boley [3]. This ever-new theory is termed as “Generalized theory
of thermo-elasticity.” The contradiction regarding the propagation at infinite ve-
locity has been eliminated and instead, it now revolves around a comparatively
general linear functional relationship between temperature gradients and flow of
heat. The term generalized thermoelasticity stands for hyperbolic thermoelastic-
ity is now termed as generalized thermoelasticity according to which whenever
a body undergoes a thermo-mechanical load then its transmission proceeds in
the form of a wave throughout the body. A “Generalized dynamical theory of
thermoelasticity (LS theory)” has been proposed by Lord and Shulman by uti-
lizing Maxwell-Cattaneo law which introduces a single relaxation time to fulfill
the acceleration purposes of heat flow by generalizing the “Fourier’s equation of
heat conduction.” The model in a more general parameter, called two thermal
relaxation times was introduced by Green and Lindsay [10].

One can assume the micropolar elastic solids to be made up of dumbbell-
shaped molecules and these molecules may undergo a linear displacement and
rotation around their mass when collected together in the element. Subsequently,
the forces stress, as well as couple stress properties, might be present in the mi-
cropolar solids at the same time. As per the theory, a couple of stress vectors
and a force vector cause the transmission of load across a surface element and to
characterize this motion, six degrees of freedom are used in which three for micro-
rotation and the rest three for translation. A monography displays the historical
development of the theory of micropolar elasticity (see Eringen [8]). The micropo-
lar theory was extended to include thermal effects by Nowacki [16–18] (1966a,b,c),
Eringen [7]. The basic equations of the linear theory of micropolar thermoelas-
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ticity were derived by Tauchert et al. [33]. Several authors have directed their
efforts toward the investigation of problems in the micropolar isotropic thermoe-
lastic media by [2, 14, 15, 19–21, 25, 26, 31, 32]. In the case of deformable bodies,
the heat conduction theory relies on dual temperatures namely thermodynami-
cal temperature T, and the conductive temperature θ, was established by Chen
and Williams [4]. The conductive temperature is because of thermal processes
and thermodynamical temperature is owing to mechanical processes which are
inherited between layers of elastic materials and their particles. Chen et al. [5]
specified that under certain conditions, equality may exist between these temper-
atures. The relation between these two temperatures is T = θ − a∇2θ, generally.
In the case of time-dependent scenarios, there is a considerable difference be-
tween these temperatures. It is nothing but the temperature discrepancy (a),
parameter that separates the classical theory of thermoelasticity from the theory
of two-temperature. The theory of two-temperature generalized thermoelasticity
together with its uniqueness theorem was constructed by Youssef [35]. The im-
manent relations and the governing equation for the “Theory of two-temperature
generalized micropolar thermoelasticity” were derived by Ezzat and Awad [9]. In
multiple research works in [1, 6, 11, 22–24, 27–30] the effect of different fields on
generalized thermoelastic problems.

The present problem discussed the 2D problem of a “micropolar thermoelastic
medium” with the multi-temperatures model in regards to Lord and Shulman’s
theory. A medium is affected by a gravitational field and two types of mechani-
cal stip load (continuous load and impact load). The analytical solutions for the
field variables of interest are obtained by using Fourier and Laplace transforms.
Numerically simulated results are obtained and presented graphically to depict
the effect of gravity parameter, continuous load and impact load, and the differ-
ence between the two-temperature models on wave propagation in a micropolar
thermoelastic.

2 Basic equations

Following Lord and Shulman [13], Tauchert et al. [3] and Youssef [10], the field
equations and the constitutive relations in micropolar generalized thermoelastic
solid without body forces, body couples and heat sources can be written as

2.1 The constitutive relations

σij = λur,rδij + 2µeij + k (uj,i − εijkϕr)− νTδij , (1)

mij = αϕr,rδij + βϕi,j + γϕj, i. (2)

2.2 The strain-displacement relation

eij =
1

2
(ui,j + uj,i) . (3)

2.3 The equations of motion

σji,j + Fi = ρui, tt. (4)
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2.4 The couple stress equation of motion

(α+ β + γ)∇(∇ · φ)i − γ∇× (∇× φ)i + k(∇× u)− 2kφ = jρφi, tt. (5)

2.5 The heat conduction equation with two-temperature

Kθ,ii =

(
∂

∂t
+ τ0

∂2

∂t2

)
(ρCET + T0νekk) , (6)

2.6 The equation of multi-temperatures

b0(θ − T ) + c1(θ,tt − T,tt) = (a+ c2)θ,ii, (7)

where λ and µ indicate to the Lame’s constants, the elastic medium density is ρ,
K refers to the coefficient of thermal conductivity, the specific heat at constant
strain is CE , the reference temperature is T0, the thermodynamic temperature is
θ, the conductive temperature T, the stress components are σij , δij is Kroneker
delta, k, α, β, γ are the material constants, φ is the micro rotation vector, mij is
the couple stress tensor, j is the microinertia, ui is the displacement vector, εijr
is the alternate tensor. The volume thermal expansion is ν = (3λ+2µ+ k)αt, αt

the coefficient of linear thermal expansion, τ0 is the relaxation time, and b0, c1,
a, c are constants.

3 Formulation of the problem

Consider a homogeneous, isotropic, rotated thermoelastic half-space under
the purview of multi-temperatures theory. Rectangular Cartesian coordinates
are introduced having the surface of the half-space as the plane z = 0, with z-
axis pointing vertically downwards into the medium. The present formulation
is restricted to xz−plane and thus all the field variables are independent of the
space variable y. So the displacement vector u = (u, 0, w), the microrotation
vector φ = (0, ϕ2, 0), and the dilation is e = u,x + w,z. It is also assumed that
the plane is under the effect of the gravitational field with gravity force Fi =
(ρgw,x, 0,−ρgu,x).

Taking into account the above assumptions, the governed and constitutive
equations can be written in the form

ρ
∂2u

∂t2
= (λ+ µ)

∂e

∂x
+ (µ+ k)∇2u− k

∂ϕ2
∂z

− ν
∂T

∂x
+ ρg

∂w

∂x
, (8)

ρ
∂2w

∂t2
= (λ+ µ)

∂e

∂z
+ (µ+ k)∇2w + k

∂ϕ2
∂x

− ν
∂T

∂z
− ρg

∂u

∂x
, (9)

jρϕ2,tt = k

(
∂u

∂z
− ∂w

∂x

)
+ γ∇2ϕ2 − 2kϕ2, (10)

Kθ,ii =

(
∂

∂t
+ τ0

∂2

∂t2

)
(ρCET + T0νekk) , (11)(

b0 + c1
∂2

∂t2

)
T =

[(
b0 + c1

∂2

∂t2

)
−
(
a+ c2

)
∇2

]
θ, (12)
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σxx = λe+ (2µ+ k)
∂u

∂x
− νT, (13)

σyy = λe− νT, (14)

σzz = λe+ (2µ+ k)
∂w

∂z
− νT, (15)

σxz = µ
∂u

∂z
+ (k + µ)

∂w

∂x
+ kϕ2, (16)

σzx = µ
∂w

∂x
+ (k + µ)

∂u

∂z
− kϕ2, (17)

mxy = γ
∂ϕ2
∂x

, (18)

mzy = γ
∂ϕ2
∂z

. (19)

4 Solution of the problem

For simplifications we shall use the following non-dimensional variables:

x′i =
η0
C0
xi,

(
u′, w′) = ρη0C0

γ1T0
(u, w) ,

(
t′, τ ′0

)
= η0 (t, τ0) , σ

′
ij =

σij
νT0

, ϕ′2 =
ρC2

0

νT0
ϕ2,(

θ′, T ′) = 1

T0
(θ, T ) ,m′

ij =
η0

C0νT0
mij , η0 =

ρCEC
2
0

K
,C2

0 =
λ+ 2µ+ k

ρ
.

(20)

Eqs. (18) - (21) take the following form (dropping the dashed for convenience)

a1∇2u+ a2
∂e

∂x
− a3

∂ϕ2
∂z

− ∂θ

∂x
+ g

∂w

∂x
=
∂2u

∂t2
, (21)

a1∇2w + a2
∂e

∂z
+ a3

∂ϕ2
∂x

− ∂θ

∂z
− g

∂u

∂x
=
∂2w

∂t2
, (22)

∇2ϕ2 − a4ϕ2 + a5

(
∂u

∂z
− ∂w

∂x

)
= a6

∂2ϕ2
∂t2

, (23)

∇2θ =

(
∂

∂t
+ τ0

∂2

∂t2

)
(T + a7e) , (24)(

b0 + c1η
2
0

∂2

∂t2

)
T =

[(
b0 + c1η

2
0

∂2

∂t2

)
−
(
a+ c2

)
η20∇2

]
θ, (25)

where a1 =
k+µ
ρC2

0
, a2 =

λ+µ
ρC2

0
, a3 =

k
ρC2

0
, a4 =

2kC2
0

γη20
, a5 =

kC2
0

γη20
, a6 =

jρC2
0

γ , a7 =
ν2T0
ρη0K

.

Introducing the displacement potentials q(x, z, t) and ψ(x, z, t) which are
related to displacement components, we obtain

u =
∂q

∂x
+
∂ψ

∂z
, w =

∂q

∂z
− ∂ψ

∂x
. (26)
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The problem is solved using the Laplace and Fourier transform defined by

f (x, z, b) =

∫ ∞

0
f (x, z, t) e−btdt, (27)

f∗ (s, z, b) =

∫ ∞

−∞
f (x, z, b) eisxdx. (28)

Using Eqs. (26)-(28) in Eqs. (21)-(25), we get

[
(a1 + a2)

(
D2 − s2

)
− b2

]
q∗ − isgψ∗ − T = 0, (29)[

a1
(
D2 − s2

)
− b2

]
ψ∗ − a3ϕ

∗
2 + isgq∗ = 0, (30)[

D2 − s2 − a6b
2 − a4

]
ϕ∗2 + a5

(
D2 − s2

)
ψ∗ = 0, (31)(

D2 − s2
)
θ∗ +

(
b− τ0b

2
) [
T ∗ + a7

(
D2 − s2

)
q∗
]
= 0, (32)

T ∗ =
[
1− a0

(
D2 − s2

)]
θ∗, (33)

where a0 =
(a2+c2)η20
b0+c1η20b

2 .

Substituting from Eq. (33) into Eqs. (29)-(32), we obtain(
N1D

2 −N2

)
q∗ +N3ψ

∗ +
(
a0D

2 −N4

)
θ∗ = 0, (34)(

a1D
2 −N5

)
ψ∗ − a3ϕ

∗
2 +N3q

∗ = 0, (35)(
D2 −N6

)
ϕ∗2 + a5

(
D2 − s2

)
ψ∗ = 0, (36)

(N7D
2 −N8)θ

∗ +N9(D
2 − s2)q∗ = 0, (37)

where D = d
dz , N1 = a1 + a2, N2 = s2(a1 + a2) + b2, N3 = isg, N4 = a0s

2 + 1,
N5 = a1s

2+b2, N6 = s2+a4+a6b
2, N7 = 1+a0(τ0b

2−b), N8 = N7s
2− (τ0b

2−b),
N9 = a7(b− τ0b

2).
Eliminating ϕ∗2, ψ

∗ and θ∗ between Eqs. (34) - (37), we obtain

(D8 −A1D
6 +A2D

4 −A3D
2 +A4)q

∗(z) = 0. (38)

In similar manner we arrive at

(D8 −A1D
6 +A2D

4 −A3D
2 +A4){ϕ∗2(z), θ∗(z), ψ∗(z)} = 0, (39)
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where

A0 =
1

N9a1a0 −N1a1N7
,

G3 = N9N5a0N6 −N2N5N7 −N2a1N6N7 +N2a5a3N7,

G1 = N9a1a0N6 +N9N5a0 −N9a5a3a0 −N2a1N7 +N9a1N4 +N1a5a3N7,

G2 = N9s
2a1a0 −N1N5N7 −N1a1N6N7 −N1a1N8,

A2 = A0(G3 +G4 +G5 +G6), A1 = A0(G1 +G2),

G4 = N9s
2a1a0N6 +N9s

2a1N4 −N2a1N8 +N1a5a3s
2N7,

A3 = A0(G7 +G8 +G9), A4 = A0(G10 +G11),

G5 = −N1N5N6N7 +N9a1N4N6 −N1a1N6N8 +N9N5N4 +N9s
2N5a0,

G6 = −N9a5a3N4 − 2N9a5a3s
2a0 +N1a5a3N8 −N1N5N8 −N2

3N7,

G7 = N9s
2N5N4 −N2

3N8 −N9s
4a5a3a0 +N1a5a3s

2N8 −N2N5N8,

G8 = N9s
2N5a0N6 −N2

3N6N7 +N2a5a3N8 +N2a5a3s
2N7 −N1N5N6N8,

G9 = N9N5N4N6 −N2N5N6N7 −N2a1N6N8 − 2N9a5a3s
2N4 +N9s

2a1N4N6,

G10 = −N2
3N6N8 +N2a5a3s

2N8 +N9s
2N5N4N6,

G11 = −N9s
4a5a3N4 −N2N5N6N8.

Eqs. (38) and (39) can be factorized as:

(D2 − k21)(D
2 − k22)(D

2 − k23)(D
2 − k24){ψ∗(z), q∗(z), ϕ∗2(z), θ

∗(z)} = 0, (40)

where k2n (n = 1, 2, 3, 4) are roots of the characteristic Equations of (38) and (39).
The solutions of Eqs. (38), (39) which bounded as (z → ∞) are given by

(q∗, θ∗, ψ∗, ϕ∗2) (z) =
∑4

n=1
(1, H1n, H2n, H3n)Mn exp (−knz) . (41)

From Eq. (41) into Eq. (33) we get the component of conductive temperature

T ∗ (z) =
∑4

n=1
H4nMn exp (−knz) . (42)

Substituting from Eq. (41) into Eq. (26), with the aid of Eqs. (27) and (28),
we obtain the components of displacements

(u∗, w∗) (z) =
∑4

n=1
(H5n, H6n)Mn exp (−knz) , (43)

e∗ (z) =
∑4

n=1
MnH7n exp (−knz) . (44)

Substituting from Eq. (20) into Eqs. (13)-(19) and with the help of Eqs. (26)-
(27) and (41)-(44), we obtain the components of stresses and tangential couple
stress

(σ∗xx, σ
∗
zz, σ

∗
xz, σ

∗
zx) (z) =

∑4

n=1
(H8n, H9n, H10n, H11n)Mn exp (−knz) , (45)(

m∗
xy,m

∗
zy

)
(z) =

∑4

n=1
(H12n, H13n)Mn exp (−knz) , (46)
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where r1 = λ
ρC2

0
, r2 = k+2µ

ρC2
0
, r3 = µ

ρC2
0
, r4 = k+µ

ρC2
0
, r5 = k

ρC2
0
, H13n =

−γη20
ρC4

0
knH3n,

H1n = N7k2n−N8

s2−N9k2n
, H2n = N1k2n−N2+(a0k2n−N4)H1n

N3
, H3n = a5(k2n−s2)H2n

k2n−N6
, H4n = [1 −

a2(k
2
n − s2)]H1n, H5n = is − knH2n, H6n = −kn − isH2n, H7n = k2n − s2, H8n =

r1H7n+ isr2H5n−H4n, H9n = r1H7n−knr2H6n−H4n, H12n =
γη20
ρC4

0
isH3n, H10n =

−r3knH5n + isr4H6n + r5H3n, H11n = isr3H6n − r4knH5n − r5H3n, n = 1, 2, 3, 4.

5 Boundary conditions

When boundary surface of half-space is subjected to mechanical strip load,
the boundary conditions on the surface at z = 0 are as follows:

σxz = mxy = 0, σxx = −p1δ (x)F (t) ,
∂θ

∂z
= 0, (47)

where p1 is a constant, δ(x) is the Dirac-delta function.
We consider two types of loads on the plane boundary, for which F is defined

below

F (t) =

{
H(t) for continuous load

δ∗(t) for impact load
, (48)

where H(t) = e−t and δ∗(t) is the heavside function.

5.1 Continuous load

Using the expressions of the variables considered into the above boundary
conditions Eqs. (47), we can obtain the following equations satisfied by the pa-
rameters Mn n = 1, 2, 3, 4: ∑4

n=1
H10nMn = 0,∑4

n=1
H12nMn = 0,∑4

n=1
H8nMn = −p1

b
,∑4

n=1
− knH1nMn = 0.

(49)

Invoking Eqs. (49), we obtain a system of four equations. After applying the
inverse of the matrix method, we have the values of the four constants Mn (n =
1, 2, 3, 4).

M1

M2

M3

M4

 =


H101 H102 H103 H104

H121 H122 H123 H124

H81 H82 H83 H84

k1H11 k2H12 k3H13 k4H14


−1

0
0

−p1
b
0

 . (50)
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5.2 Impact load

We can obtain the following equations satisfied satisfied by the parametersMn

n = 1, 2, 3, 4: ∑4

n=1
H10nMn = 0,∑4

n=1
H12nMn = 0,∑4

n=1
H8nMn = −p1,∑4

n=1
− knH1nMn = 0.

(51)

Thus, we have the values of the four constants Mn (n = 1, 2, 3, 4).
M1

M2

M3

M4

 =


H101 H102 H103 H104

H121 H122 H123 H124

H81 H82 H83 H84

k1H11 k2H12 k3H13 k4H14


−1

0
0

−p1
0

 . (52)

6 Special and particular cases

6.1 If a = c = c1 = 0, b0 = 1, we get the model of one-temperature theory.
6.2 If c = c1 = 0, b0 = 1, a > 0, we get the model of classical two-temperature

theory.
6.3 If a = b0 = 0, c1 = 1, c > 0, we get the model of hyperbolic two-

temperature theory.
6.4 Neglecting gravitational field effect i.e g = 0 in Eqs. (34)-(37), we get

(
N1D

2 −N2

)
q∗ +

(
a0D

2 −N4

)
θ∗ = 0, (53)(

a1D
2 −N5

)
ψ∗ − a3ϕ

∗
2 = 0, (54)(

D2 −N6

)
ϕ∗2 + a5

(
D2 − s2

)
ψ∗ = 0, (55)(

N7D
2 −N8

)
θ∗ +N9

(
D2 − s2

)
q∗ = 0. (56)

Eliminating q∗ and θ∗ between Eqs. (53) and (56), we obtain

(D4 −B1D
2 +B2){q∗(z), θ∗(z)} = 0, (57)

The solutions of Eq. (57), which bounded as (z → ∞) are given by

(q∗, θ∗) (z) =
∑2

n=1
(1, H∗

1n)Rn exp (−hnz) , (58)

where h21 and h22 are roots of the characteristic equation of (57).
Also, eliminating ψ∗ and ϕ∗2 between Eqs. (54) and (55), we obtain

(D4 − E1D
2 + E2){ψ∗(z), ϕ∗2(z)} = 0. (59)
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The solutions of Eq. (59), which bounded as (z → ∞) are given by

(q∗, θ∗) (z) =
∑4

m=3
(1, H∗

2m)Rm exp (−hnz) , (60)

where h23 and h24 are roots of the characteristic equation of (60).
The components of displacement, strain, stresses and tangential couple stress

are

u∗ (z) =
∑2

n=1
isRn exp (−hnz)−

∑4

m=3
hmRm exp (−hmz) , (61)

w∗ (z) =
∑2

n=1
− hnRn exp (−hnz)−

∑4

m=3
isRm exp (−hmz) , (62)

e∗ (z) =
∑2

n=1
H∗

3nRn exp (−hnz) , (63)

σ∗xx (z) =
∑2

n=1
H∗

4nRn exp (−hnz) +
∑4

m=3
H∗

3mRm exp (−hmz) , (64)

σ∗zz (z) =
∑2

n=1
H∗

5nRn exp (−hnz) +
∑4

m=3
H∗

4mRm exp (−hmz) , (65)

σ∗xz (z) =
∑2

n=1
H∗

6nRn exp (−hnz) +
∑4

m=3
H∗

5mRm exp (−hmz) , (66)

σ∗zx (z) =
∑2

n=1
H∗

7nRn exp (−hnz) +
∑4

m=3
H∗

6mRm exp (−hmz) , (67)

m∗
xy (z) =

∑4

m=3
H∗

7mRm exp (−hmz) , (68)

m∗
zy (z) =

∑4

m=3
H∗

8mRm exp (−hmz) , (69)

where H∗
1n = N1h2

n−N2

N4−a0h2
n
, H∗

2n = [1 − a0(hn − s2)]H∗
1n, H

∗
2m = a1h2

m−N5

a3
, H∗

3n =

h2n − s2, H∗
4n = r1H

∗
3n − r2s

2 − H∗
2n, H

∗
3m = −isr2hm, H∗

5n = r1H
∗
3n − r2h

2
n −

H∗
2n, H

∗
4m = isr2hm, H∗

6n = −r3ishn − r4ishn, H
∗
5m = r3h

2
m + r4s

2 + r5H
∗
2n,

H∗
7n = −isr3hn − isr4hn, H

∗
6m = r4h

2
m + r3s

2 − r5H
∗
2n, H

∗
7m =

isγη20H
∗
2m

ρC4
0

, H∗
8m =

−isγη20hmH∗
2m

ρC4
0

, n = 1, 2, m = 3, 4.

7 Inversion of the transforms

The transformed displacements, the conductive and thermodynamic temper-
atures, components of stress, the couple stress, and the micro-rotation are the
functions of z and the b and s parameters of Laplace and Fourier transforms,
respectively, and thus take the form f(z, s, b). The methods described below are
used to attain the solution of the problem (existing in the physical domain) by
inverting the Fourier and Laplace transforms (see Shaw and Mukhopadhyay [30]).

8 Numerical results and discussions

The analysis is conducted for a magnesium crystal-like material. Following
reference Othman et al. [24], the values of physical constants are:
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T0 = 298K◦, λ = 9.4×1010Nm−2, k = 1.0×1010Nm−2, µ = 4.0×1010Nm−2,
p1 = 10, ρ = 1.74 × 103kg/m3, γ = 0.779 × 10−9N , j = 0.2 × 10−15m2, CE =
1.04×103kgm−3, K = 1.7×102Jm−1s−1 deg−1, αt = 7.4033×10−7K−1, t = 0.02s,
τ0 = 0.1s, x = 0.1m.

The roots of the characteristic equations of (38), (39), are obtained by using
the Matlab program. The comparisons have been made in regards to two theories
of thermoelasticity, namely; (L-S) and (CT) theories in three situations:

(i) The difference among one temperature model, classical two-temperature
model, and the hyperbolic two-temperature model.

(ii) With and without gravitational field [g = 9.8 and g = 0.0].

(iii) Dual mechanical loads [Impact load and continuous load].

Figures 1-6 display the component of displacement u, the conductive temperature
θ, the stress components σxz, σxx, the couple stress mxy and the micro-rotation
ϕ2 distributions, respectively, for the three models: one temperature model (solid
line), classical two-temperature model (large dashes line), and hyperbolic two-
temperature model (dots line). In fig. 1, the thermal displacement u in oppo-
sition to distance z has been plotted for different models. It is visible that the
displacement u for the classical two-temperature model is greater than that of
the two other models. Fig. 2 depicts the variation of the conductive tempera-
ture and the thermodynamic temperature, respectively, in regards to distance z.
From these figures we see that the classical two-temperature model has a larger
value than that of the two other models. The hyperbolic two-temperature model
agrees with one temperature model, where the conductive temperature and the
thermodynamic temperature waves vanish before the classical two-temperature
model. Figs. 3 and 4 depict the distributions of stresses σxz, σxx, in regards to
the distance z, for various models. We have noticed that the stress σxz, favors
the problem of boundary condition as it gets initiated from zeros, then it attains
its maximum point and later falls to zeros as the distance z increases. In Figs. 5
and 6, the classical two-temperature model has a smaller value than that of the
two other models. In these figures, the couple stress mxy and the micro-rotation
ϕ2 have similar behaviors.

Figs. 7-12 show comparisons between the physical quantities with the distance
z, at two different values of gravity (with gravity effect g = 9.8 and without gravity
effect g = 0.0), concerning two theories of thermoelasticity namely: Lord and
Shulman theory (LS theory), and the coupled theory (CT). Fig. 7 investigates
the variation of the displacement component u, versus z. It can merely be noted
that the gravity parameter displays a decreasing impact on the magnitudes of u.
Fig. 8 displays the variation of the conductive temperature θ, against the distance
z. It can be noted that the gravity parameter implies an increasing effect on the
magnitude of θ. Figs. 9 and 10 investigate the variation of the stress components
σxz, σxx, versus z. It can be seen that the gravity parameter shows a decreasing
effect on the magnitudes of σxz and σxx. The stress components σxz and σxx
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satisfy all the boundary conditions. Figs. 11 and 12 depict the variation of the
couple stress mxy and the micro-rotation ϕ2 in regards to z−axis. It can be seen
that the gravity parameter displays an increasing effect on the magnitude of mxy

and ϕ2.
Figs. 13-18 display how the variables under consideration vary under the

application of mechanical loads (impact load and continuous load) when t = 0.02
and g = 9.8. In each graph, there are four curves anticipated by the two theories
L-S and CT considered in this work. These figures provide the necessary evidence
for the fact that even with different values of amplitude, all the models might act
similarly. Fig. 13 displays how the component of displacement u varies against the
distance z. It can be noticed that in the case of continuous load, the displacement
values u are comparatively small as compared to the impact load in the range
0 ≤ z ≤ 3.4, whereas values remain the same for the two cases at z ≥ 3.4. In
fig. 14 the impact load has a greater effect on the conductive temperature θ in
comparison to those for the continuous load. Figs. 15 and 16 study fluctuation
of the stress components σxz, σxx against z−the axis. From these figures, the
values for the components of stress σxz and σxx are affected by the two different
mechanical loads. It is clearly visible that in the case of the two theories, the
values for the component of tangential stress σxz initiates from a zero satisfying
the boundary conditions. Figs. 17 and 18 explain that variation of the couple
stress mxy and the micro-rotation ϕ2 against the distance z. It is clear that in the
case of continuous loads, the magnitudes of mxy and ϕ2 are smaller in comparison
to the magnitudes of impact load for 0 ≤ z ≤ 4. It is observed that the couple stress
and the micro-rotation began from zeros which favorable the problem boundary
conditions.

9 Conclusions

In the bodywork of this paper, a problem of a “Homogeneous micropolar
thermoelastic half-space” with multi-temperatures concerning the theory of gen-
eralized thermoelasticity has been proposed by Lord and Shulman. On the basis
of the results obtained above, it can be concluded that:

1. It is noticed from the figures that the gravitational field plays a significant
role in all the field quantities.

2. The figures successfully manifest the phenomenon of propagation at finite
speeds.

3. The comparison of various theories of thermoelasticity has been carried out,
i.e. (LS) theory and (CT) Theory.

4. It is evident from the figures that, there are significant differences among the
one temperature model, classical two-temperature model, and hyperbolic
two- temperature model.
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5. The field quantities are very sensitive to the applied mechanical loads (con-
tinuous load and impact load).

6. An extensive spectrum of problems in thermodynamics can be efficiently
dealt with using the method mentioned in this article.

Fig. 1 Variation of thermal displace-
ment u with horizontal distance z

Fig. 2 Variation of conductive temper-
ature θ with horizontal distance z

Fig. 3 Variation of normal stress σxz

with horizontal distance z
Fig. 4 Variation of tangential stress
σxx with horizontal distance z

Fig. 5 Variation of couple stress mxy

with horizontal distance z
Fig. 6 Variation of micro-rotation ϕ2

with horizontal distance z
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Fig. 7 Variation of thermal displace-
ment u with horizontal distance z

Fig. 8 Variation of conductive temper-
ature θ with horizontal distance z

Fig. 9 Variation of tangential stress
σxz with horizontal distance z

Fig. 10 Variation of normal stress σxx

with horizontal distance z

Fig. 11 Variation of couple stress mxy

with horizontal distance z
Fig. 12 Variation of micro-rotation ϕ2

with horizontal distance z

Fig. 13 Variation of thermal displace-
ment u with horizontal distance z

Fig. 14 Variation of conductive tem-
perature θ with horizontal distance z
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Fig. 15 Variation of normal stress σxz

with horizontal distance z
Fig. 16 Variation of tangential stress
σxx with horizontal distance z

Fig. 17 Variation of couple stress mxy

with horizontal distance z
Fig. 18 Variation of micro-rotation ϕ2

with horizontal distance z
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