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Abstract:
This study aims to develop an advanced model for the propagation of photo electro-magneto-thermoelastic
waves in rotating, nonlocal semiconductor media subjected to pulsed laser beam. The novelty of this work lies
in formulating a new coupled dynamic model that integrates photothermal, mechanical stresses and carrier
density with temperature interactions in an elastic semiconductor medium. The resulting coupled system
for temperature, displacement, stress, and plasma density is solved using the normal-mode technique under
pulsed laser beam. Numerical simulations are carried out for Silicon material to explore the influence of the
electro-magnetic field and rotation. Results show that lowering the rotation produces slower thermal decay
and enhanced oscillations in displacement components, reflecting long-memory heat transport at the Nano
scale. Electro-magnetic field significantly modifies temperature profiles and stress amplitudes, with stronger
effects near the heated surface. Rotation affect wave dispersion, while the electro-magnetic field interaction
governs energy absorption and stress localization. The research presents, for the first time, electro-magnetic
field photo thermoacoustic formulation for rotating semiconductors with temperature-dependent conductivity.
The model enriches the theoretical understanding of ultrafast laser–matter interactions, offering guidance for
the design of semiconductor devices and MEMS sensors, diagnostics operating under rapid or high-intensity
thermal loads. The results are represented graphically to assess the influences of the rotation and electro-
magnetic field on the plasma, thermal, and elastic waves.
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1. Introduction

In recent years, the investigation of wave propagation
and memory effects in thermoelastic media has garnered
significant attention due to its vast applications in geo-
physics, biomechanics, aerospace engineering, and ad-
vanced material science. The traditional models of ther-
moelasticity, both uncoupled and coupled, are predi-
cated on the unrealistic postulate that thermal signals

propagate at an infinite velocity, a notion at odds with
empirical evidence showcasing finite-speed wave prop-
agation. In response to this discrepancy, advanced the-
oretical frameworks such as those introduced by Lord-
Shulman (L-S) and Green and Lindsay (G-L) have been
developed. These models introduce the concept of a lim-
ited heat transport velocity, leading to a revised formu-
lation of the heat conduction equation that better aligns
with experimental observations ([1, 2, 3, 4, 5]). By in-
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corporating the concept of finite thermal signal veloc-
ity, these non-classical theories provide a more accu-
rate and practical basis for the analysis of thermoelas-
tic phenomena. Biot [1] introduced the coupled the-
ory of thermoelasticity, where the equations of elastic-
ity and heat conduction are coupled. Lord and Shul-
man [2] formulated a generalized dynamical theory of
thermoelasticity using a form of the heat transport equa-
tion. Dhaliwal and Sherief [3] derived the equations of
generalized thermoelasticity for an anisotropic medium.
Ignaczak [4] formulated a generalized theory of lin-
ear thermoelasticity with a single relaxation time. Ig-
naczak [5] established a initial boundary-value problem
of linear dynamic thermoelasticity with one Anwar and
Sherief [6] adopted the stale space approach for the so-
lution of coupled thermoelastic problems for the solu-
tion of one-dimensional problem in generalized ther-
moelasticity. Sherief [7] studied the equations of gen-
eralized thermoelasticity with one relaxation time for
D1 problem including heat sources in the state space
with Laplace transform techniques. Sherief and An-
war [8] discussed the state-space formulation for two-
dimensional problems of generalized thermoelasticity
with one relaxation time using Laplace and Fourier in-
tegral transformation. Sherief [9] examined the solu-
tion of the problem of determining stress and tempera-
ture equations of generalized thermoelasticity using the
Laplace transform technique. Sherief and Hamza [10]
explored the two-dimensional problem of a thick plate
whose lower and upper surfaces are traction free and
subjected to a given axisymmetric temperature distribu-
tion. Eringen [11] and Suhubi and Eringen [12] derived
the basic field equations, boundary conditions and con-
stitutive equations of micro-elastic solids which are af-
fected by the micro-deformations and rotations. Eringen
[13] extended micropolar elasticity to include the ther-
mal effects. Ezzat and Awad [14] used normal mode
analysis with Modified Ohm’s law and Fourier’s law to
obtain the exact formulas of temperature, displacement,
micro-rotation, stresses, couple stresses, electric field,
magnetic field and current density. Singh and Boruah
[15] investigated the problem of reflection of homoge-
neous plane waves from the free surface of a generalized
magneto-thermoelastic half-space. Tiwari et al. [16]
investigated the memory response on generalized ther-
moelastic medium in context of dual phase lag thermoe-
lasticity with non-local effect. Othman et al. [17] inves-
tigated the effect of rotation on micropolar generalized
thermoelasticity with two-temperatures using a dual-
phase lag model. Abd-Alla and Al-Qahtani [18] studied
the electro-magneto-thermoelastic wave propagation in
a rotating anisotropic semiconductor. Lotfy [19] dis-
cussed the the elastic wave motions for a photother-
mal medium of a dual-phase-lag model with an internal
heat source and gravitational field. Abd-Alla and Abo-
Dahab [20] explained the Effect of rotation and initial
stress on an infinite generalized magneto-thermoelastic
diffusion body with a spherical cavity. Jangra et al.
[21] displayed the wave propagation in a nonlocal mi-

crostretch saturated porothermoelastic medium under
moore-gibson-thompson heat conduction model. Abd-
Alla et al. [22] investigated the thermal shock be-
haviour on generalized thermoelastic medium under ini-
tial stress with rotation. Awwad et al. [23] investi-
gated the photo-thermoelastic behavior of a functionally
graded semiconductor medium excited by thermal laser
pulses.

In recent years, researchers have extensively focused
on the waves propagation in a photothermal semicon-
ducting medium (see for example [24, 25, 26, 27, 28,
29, 30, 31, 32] and several references therein.

The present investigation introduces a comprehensive
framework for analyzing photo-thermoelastic dynamics
in rotating semiconductor media with electro-magnetic
field under pulsed laser heating. Earlier, the proper-
ties of elastic constants in materials were supposed to
vary along only one direction. It is possible that the
properties may vary along two directions. Hence, the
authors have attempted the problem to derive new re-
sults. A normal-mode solution is employed to derive
analytical expressions, allowing systematic evaluation
of the influence of rotation and electromagnetic field.
The expressions are obtained for displacement compo-
nents, temperature distribution, stress components and
carrier density. The numerical evaluation of these field
variables is carried out to analyze their variations. Fur-
thermore, the effects of time, laser pulse time, angular
frequency, magnetic field, electric permittivity and the
wave number parameter on the system’s response are il-
lustrated graphically using Mathematica software. This
cross-disciplinary formulation not only extends the the-
oretical foundations of photo thermoelasticity but also
provides actionable insight for the optimisation of semi-
conductor devices, MEMS/NEMS sensors, laser-based
diagnostics, and photoacoustic imaging systems operat-
ing under ultrafast or high-power thermal conditions.

2. Mathematical modelling and
formulation

We consider a homogeneous, isotropic, electro-
magneto-thermoelastic semiconducting medium with
photothermal and rotation effect. This study is taken
into consideration under the Green-Lindsay theory.
Also, the origin of a rectangular Cartesian coordinate
system (𝑥, 𝑦, 𝑧) is taken at any point on the plane sur-
face of a half-space, 𝑥 = 0 for the 2D problem, the
displacement vector −→𝑢 = (𝑢, 𝑣, 0). The rotation axis
is the axis perpendicular to the plane, and the whole
body rotates with a uniform angular velocity

−→
Ω = Ω−→𝑛 .

Consequently, there are two additional requirements for
the elastodynamic equations: Centripetal acceleration
(−→Ω∧ (−→Ω∧−→𝑢 )) caused by just time-varying motion, and
Cariole’s acceleration (2−→Ω ∧ −→¤𝑢 ) caused by a moving
reference frame.

The Maxwell equations of the electromagnetic field
can be found as follows when the electro-dynamic
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medium is linearized for slow motion:

−→
𝑗 = 𝑐𝑢𝑟𝑙

−→
ℎ − 𝜀0

𝜕
−→
𝐸

𝜕𝑡
, −𝜇𝑒

𝜕
−→
ℎ

𝜕𝑡
= 𝑐𝑢𝑟𝑙

−→
𝐸,

𝑑𝑖𝑣
−→
ℎ = 𝑜, 𝑑𝑖𝑣

−→
𝐸 = 0,

−→
𝐸 = −𝜇𝑒

(
𝜕−→𝑢
𝜕𝑡

× −→
𝐻

)
,

−→
ℎ = 𝑐𝑢𝑟𝑙

(−→𝑢 × −→
𝐻
)
. (1)

where, 𝜀0 and 𝑒 represent the electric permittivity and
magnetic permeability, respectively. Also, (−→¤𝑢 ) denotes
the particle velocity (−→𝑢&zir,is the displacement vector),
and the dot notation denotes the time differentiation, the
vector −→𝐽 represents the current density in the semicon-
ductor medium, which may be taken in the direction
of the electric field −→

𝐸 , the magnetic field intensity vec-
tor and the electric field intensity vector are denoted by
−→
ℎ (𝐻 = 𝐻0 + ℎ) and −→

𝐸 respectively is expressed as
follow:

𝐻𝑥 = 𝐻𝑧 = 0, 𝐻𝑦 = 𝐻0

−→
𝐸 = −𝜇𝑒

������
−→
𝑖

−→
𝐽

−→
𝑘

¤𝑢 0 ¤𝑤
0 𝐻0 0

������
𝐸𝑥 = 𝜇𝑒𝐻0 ¤𝑤, 𝐸 𝑦 = 0, 𝐸𝑧 = −𝜇𝑒𝐻0 ¤𝑢

(2)

From Eqs. (1), we can calculate the vector components
of the current density in terms of the displacement com-
ponent as

−→
𝐽 =

�������
−→
𝑖

−→
𝐽

−→
𝑘

𝜕
𝜕𝑥

𝜕
𝜕𝑦

𝜕
𝜕𝑧

0 𝐻0 0

������� − 𝜀◦ (0, 0,−𝜇𝑒𝐻0 ¤𝑢 )

𝐽𝑥 = 𝐽𝑦 = 0, 𝐽𝑧 = 𝜕ℎ
𝜕𝑥 + 𝜇𝑒𝐻0𝜀0 ¤𝑢

(3)

The Lorentz force vector takes the following form
−→
𝐹 = 𝜇𝑒 (

−→
𝐽 𝑥

−→
𝐻). (4)

where
−→
𝐻 = (0, 𝐻0, 0), 𝐹𝑥 =

𝜕𝜏𝑥𝑥
𝜕𝑥

, 𝐹𝑧 =
𝜕𝜏𝑧𝑧
𝜕𝑧

,

𝐹𝑥 and 𝐹𝑧 are the components of Lorentz forces
(i) The equations of motion for a thermoelastic semicon-
ductor material are [23]:

(𝜆 + 2𝜇) 𝜕
2𝑢

𝜕𝑥2 + (𝜆 + 𝜇) 𝜕2𝑣

𝜕𝑥𝜕𝑦
+ 𝜇 𝜕

2𝑢

𝜕𝑦2 − 𝛾𝑛
𝜕𝑁

𝜕𝑥

−𝛾𝑡
(
1 + 𝜏1

𝜕

𝜕𝑡

)
𝜕𝜃

𝜕𝑥
+ 𝐻2

0𝜇𝑒

(
𝜕2𝑢

𝜕𝑥2 + 𝜕2𝑣

𝜕𝑥𝜕𝑦

)
−𝜀0𝐻

2
0𝜇

2
𝑒

𝜕2𝑢

𝜕𝑡2
= 𝜌

𝜕2𝑢

𝜕𝑡2
− 𝜌Ω2𝑢 − 2𝜌Ω

𝜕𝑣

𝜕𝑡
, (5)

(𝜆 + 2𝜇) 𝜕
2𝑣

𝜕𝑦2 + (𝜆 + 𝜇) 𝜕2𝑢

𝜕𝑥𝜕𝑦
+ 𝜇 𝜕

2𝑣

𝜕𝑥2 − 𝛾𝑛
𝜕𝑁

𝜕𝑦

−𝛾𝑡
(
1 + 𝜏1

𝜕

𝜕𝑡

)
𝜕𝜃

𝜕𝑦
+ 𝐻2

0𝜇𝑒

(
𝜕2𝑢

𝜕𝑥𝜕𝑦
+ 𝜕2𝑣

𝜕𝑦2

)
−𝜀0𝐻

2
0𝜇

2
𝑒

𝜕2𝑣

𝜕𝑡2
= 𝜌

𝜕2𝑣

𝜕𝑡2
− 𝜌Ω2𝑣 + 2𝜌Ω

𝜕𝑢

𝜕𝑡
, (6)

(ii) The plasma (carrier-density) diffusion–
recombination equation is [23]

𝐷𝑒

(
𝜕2𝑁

𝜕𝑥2 + 𝜕2𝑁

𝜕𝑦2

)
=
𝜕𝑁

𝜕𝑡
+ 𝑁

𝜏
− 𝜗 𝜃

𝜏
, (7)

(iii) The heat equation of thermoelastic semiconductor
material is:

𝐾

(
𝜕2𝜃

𝜕𝑥2 + 𝜕2𝜃

𝜕𝑦2

)
=

−𝐸𝑔
𝜏
𝑁 + 𝜌𝑐𝑒

(
1 + 𝜏0

𝜕

𝜕𝑡

)
+𝛾𝑡𝑇0

(
1 + 𝑚𝜏0

𝜕

𝜕𝑡

) (
𝜕2𝑢

𝜕𝑥𝜕𝑡
+ 𝜕2𝑣

𝜕𝑦𝜕𝑡

)
, (8)

(iv) The stress-displacement-carrier density-
temperature relations are:

𝜎𝑥𝑥 = (𝜆 + 2𝜇) 𝜕𝑢
𝜕𝑥

+ 𝜆 𝜕𝑣
𝜕𝑦

− 𝛾𝑛𝑁 − 𝛾𝑡 (1 + 𝜏0
𝜕

𝜕𝑡
)𝑇

𝜎𝑦𝑦 = (𝜆 + 2𝜇) 𝜕𝑣
𝜕𝑦

+ 𝜆 𝜕𝑢
𝜕𝑥

− 𝛾𝑛𝑁 − 𝛾𝑡 (1 + 𝜏0
𝜕

𝜕𝑡
)𝑇

𝜎𝑥𝑦 = 𝜇( 𝜕𝑣
𝜕𝑥

+ 𝜕𝑢

𝜕𝑦
) (9)

where 𝑠0 corresponds to the surface recombination
speed, 𝑞0 is a constant parameter, and 𝑡𝑝 signifies the
characteristic timescale of the pulse heat flux.

It is useful to recast the above equations into a dimen-
sionless form. For this purpose, the following nondi-
mensional variables are introduced:(

𝑡∗, 𝜏∗, 𝜏∗0 , 𝜏
∗
1
)
= 𝜂𝑐2 (𝑡, 𝜏, 𝜏0, 𝜏1) , (10)

(𝑥∗, 𝑦∗, 𝑢∗, 𝑣∗) = 𝜂𝑐 (𝑥, 𝑦, 𝑢, 𝑣) ,(
𝜎∗
𝑥𝑥 , 𝜎

∗
𝑦𝑦 , 𝜎

∗
𝑥𝑦

)
=

1
𝜇

(
𝜎𝑥𝑥 , 𝜎𝑦𝑦 , 𝜎𝑥𝑦

)
,

𝑁∗ =
𝑁

𝑛0
, 𝜃∗ =

𝜃

𝑇0
, 𝑄∗ =

𝑄

𝑛0𝜂2𝑐2𝐷𝑒
, Ω∗ =

Ω
𝑐
,

where 𝜂 = 𝜌𝑐𝑒
𝐾 and 𝑐 =

√
𝜆+2𝜇
𝜌 .

Using (10) in (5)-(9) after removing the primes, we ob-
tain

𝜕2𝑢

𝜕𝑥2 + 𝛾1
𝜕2𝑣

𝜕𝑥𝜕𝑦
+ 𝛾2

𝜕2𝑢

𝜕𝑦2 − 𝛾3
𝜕𝑁

𝜕𝑥

−𝛾4

(
1 + 𝜏1

𝜕

𝜕𝑡

)
𝜕𝜃

𝜕𝑥
+ 𝛾5

(
𝜕2𝑢

𝜕𝑥2 + 𝜕2𝑣

𝜕𝑥𝜕𝑦

)
−𝛾6

𝜕2𝑢

𝜕𝑡2
=
𝜕2𝑢

𝜕𝑡2
− 𝛾7Ω

2𝑢 − 𝛾8Ω
𝜕v
𝜕t
, (11)

𝜕2𝑣

𝜕𝑦2 + 𝛾1
𝜕2𝑢

𝜕𝑥𝜕𝑦
+ 𝛾2

𝜕2𝑣

𝜕𝑥2 − 𝛾3
𝜕𝑁

𝜕𝑦

−𝛾4

(
1 + 𝜏1

𝜕

𝜕𝑡

)
𝜕𝜃

𝜕𝑦
+ 𝛾5

(
𝜕2𝑢

𝜕𝑥𝜕𝑦
+ 𝜕2𝑣

𝜕𝑦2

)
−𝛾6

𝜕2𝑣

𝜕𝑡2
=
𝜕2𝑣

𝜕𝑡2
− 𝛾7Ω

2𝑣 + 𝛾8Ω
𝜕u
𝜕t
, (12)(

𝜕2𝑁

𝜕𝑥2 + 𝜕2𝑁

𝜕𝑦2

)
= 𝛾9

𝜕𝑁

𝜕𝑡
+ 𝛾9

𝑁

𝜏
− 𝛾10

𝜃

𝜏
, (13)
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(
𝜕2𝜃

𝜕𝑥2 + 𝜕2𝜃

𝜕𝑦2

)
= 𝛾11 + 𝛾12

(
1 + 𝜏0

𝜕

𝜕𝑡

)
+𝛾13

(
1 + 𝑚𝜏0

𝜕

𝜕𝑡

) (
𝜕2𝑢

𝜕𝑥𝜕𝑡
+ 𝜕2𝑣

𝜕𝑦𝜕𝑡

)
, (14)

𝛿𝑥𝑥 =
𝜕𝑢

𝜕𝑥
+ 𝛾14

𝜕𝑣

𝜕𝑦
− 𝛾3𝑁 − 𝛾4

(
1 + 𝜏1

𝜕

𝜕𝑡

)
𝜃, (15)

𝛿𝑥𝑦 =

(
𝜕𝑢

𝜕𝑦
+ 𝜕𝑣

𝜕𝑥

)
. (16)

where

𝛾1 =
(𝜆 + 𝜇)
(𝜆 + 2𝜇) , 𝛾2 =

𝜇

(𝜆 + 2𝜇) , 𝛾3 =
𝛾𝑛𝑛0

(𝜆 + 2𝜇) ,

𝛾4 =
𝛾𝑡𝑇0

(𝜆 + 2𝜇) , 𝛾5 =
𝐻2

0𝜇𝑒

(𝜆 + 2𝜇) , 𝛾6 =
𝜀0𝐻

2
0𝜇

2
𝑒𝑐

2

(𝜆 + 2𝜇) ,

𝛾7 =
𝜌 𝑐0

𝜂2𝑐2 (𝜆 + 2𝜇)
, 𝛾8 =

2𝜌 𝑐0

𝜂 (𝜆 + 2𝜇) ,

𝛾9 =
1
𝐷𝑒𝜂

, 𝛾10 =
𝜗𝑇0

𝐷𝑒𝜂
, 𝛾11 =

−𝐸𝑔𝑛0

𝐾𝑇0𝜂
,

𝛾12 =
𝜌𝑐𝑒
𝐾𝜂

, 𝛾13 =
𝛾𝑡
𝐾𝜂

, 𝛾14 =
𝜆

(𝜆 + 2𝜇) .

The displacement components may be expressed in
terms of scalar and vector potential functions

𝑢 =
𝜕∅
𝜕𝑥

+ 𝜕𝜑

𝜕𝑦
,

𝑣 =
𝜕∅
𝜕𝑦

− 𝜕𝜑

𝜕𝑥
(17)

Using the representation (17) in (11)-(16), we obtain the
equations in decoupled form.

(1 + 𝛾5)
𝜕2∅
𝜕x2 + (𝛾1 + 𝛾2 + 𝛾5)

𝜕2∅
𝜕y2 −𝛾3N (18)

−𝛾4

(
1+𝜏1

𝜕

𝜕t

)
𝜃− (𝛾6+1) 𝜕

2∅
𝜕t2

+𝛾7Ω
2∅+𝛾8Ω

𝜕2∅
𝜕y𝜕t

= 0

(𝛾1−1) 𝜕
2𝜑

𝜕y2 −𝛾2
𝜕2𝜑

𝜕x2 + (1−𝛾6)
𝜕2𝜑

𝜕t2

−𝛾7Ω
2𝜑−𝛾8Ω

𝜕2𝜑

𝜕y𝜕t
= 0 (19)

(
𝜕2𝜃

𝜕x2+
𝜕2𝜃

𝜕y2

)
=𝛾11N+𝛾12

(
1+𝜏0

𝜕

𝜕t

)
+𝛾13

(
1+m𝜏0

𝜕

𝜕t

) (
𝜕2∅
𝜕x2𝜕t

+ 𝜕2𝜑

𝜕y2𝜕t

)
(20)

3. Solution Methodology
For a wave propagated in (x-z) plane, the following nor-
mal mode analysis method is used [21]:

(∅, 𝑁, 𝜃, 𝜓)(𝑥, 𝑦, 𝑡) = (∅∗, 𝑁∗, 𝜃∗, 𝜓∗)(𝑥)𝑒 (𝜔𝑡+𝑖𝑎𝑦) (21)

Where 𝜔 is the angular frequency of the propagating
waves, 𝑏 denotes the wave number, and 𝑖 is the imagi-
nary unit.Upon substituting the assumed form (27), the
following expression is derived:(

𝐷2 − 𝑚17

)
𝜓∗ (𝑥) = 0 (22)

(𝐷2 𝑚11 − 𝑚12)∅∗ (𝑥) − 𝑚13 𝑁
∗ (𝑥) (23)

−𝑚14 𝜃
∗ (𝑥) = 0(

𝐷2 − 𝑚18

)
𝜃∗ (𝑥) − 𝑚19𝑁

∗ (𝑥) (24)

−𝑚20

(
𝐷2 − 𝑚21

)
∅∗ (𝑥) = 0(

𝐷2 − 𝑚22

)
𝑁∗ (𝑥) +𝑚23𝜃

∗ (𝑥) = 0 (25)

Where, 𝑚11 = 1 + 𝛾5, 𝑚12 = 𝛾1𝑎
2 + 𝛾2𝑎

2 +
𝛾5𝑎

2 + 𝛾6𝜔
2 + 𝜔2 − 𝛾7Ω2 + 𝛾8Ω𝑖𝑎𝜔, 𝑚13 =

𝛾3, 𝑚14 = 𝛾4 (1 + 𝜏1𝜔) , 𝑚15 = −𝛾2, 𝑚16 =
−𝑏2 + 𝛾1𝑏

2 + 𝛾6𝜔
2 − 𝜔2 + 𝛾7Ω2 + 𝛾8Ω𝑖𝑎𝜔, 𝑚17 =

𝑚16
𝑚15

, 𝑚18 = 𝑎2 + 𝛾12𝜔 (1 + 𝜏0𝜔) , 𝑚19 = 𝛾11
𝜏 , 𝑚20 =

𝛾13𝜔 (1 + 𝑚𝜏0𝜔) , 𝑚21 = 𝑎2, 𝑚22 = 𝑎2 + 𝛾9𝜔 +
𝛾9
𝜏 , 𝑚23 = 𝛾10

𝜏 .
On solving Eqs. (22)- (25), a sixth order homogeneous
differential equation is obtained as given by:

(𝐷6 − 𝛼11𝐷
4 + 𝛼12𝐷

2 − 𝛼13) (∅∗ (𝑥), 𝑁∗ (𝑥), 𝜃∗ (𝑥)) = 0 (26)

Where, 𝛼11 = 𝐾12
𝐾11

, 𝛼12 = 𝐾13
𝐾11

, 𝛼13 = 𝐾14
𝐾11

, 𝐾11 =
−𝑚11 , 𝐾12 = −𝑚21−𝑚14𝑚20−𝑚11 (𝑚18 + 𝑚22) , 𝐾13 =
𝑚11𝑚18𝑚22+𝑚12 (𝑚18 + 𝑚22) +𝑚14𝑚20 (𝑚21 + 𝑚22) +
𝑚11𝑚19𝑚23 + 𝑚13𝑚20𝑚23 , 𝐾14 = −𝑚12𝑚18𝑚22 −
𝑚14𝑚20𝑚21𝑚22 − 𝑚12𝑚19𝑚23 − 𝑚13𝑚20𝑚21𝑚23 ,
Auxiliary equation for equation (26) is:

𝜆6 − 𝑎11𝜆
4 + 𝑎12𝜆

2 − 𝑎13 = 0 (27)

The solution of equations (26) and (22) - (25) are ex-
pressed as:

𝜓∗ (𝑥) = 𝐵1𝑒
−𝛿1𝑥 (28)

𝜃∗ (𝑥) = 𝐴1𝑒
−𝜆1𝑥 + 𝐴2𝑒

−𝜆2𝑥 + 𝐴3𝑒
−𝜆3𝑥 (29)

𝑁∗ (𝑥) = 𝐴1 𝐻11𝑒
−𝜆1𝑥 + 𝐴2𝐻12𝑒

−𝜆2𝑥 + 𝐴3𝐻13𝑒
−𝜆3𝑥

(30)
∅∗ (𝑥) = 𝐴1𝐻14𝑒

−𝜆1𝑥+𝐴2𝐻15𝑒
−𝜆2𝑥+𝐴3𝐻16𝑒

−𝜆3𝑥 (31)

Where 𝜆2
𝑖 , (𝑖 = 1, 2, 3) are roots of auxiliary equation

(27),

𝐻11 =
−𝑚23(

𝜆2
1 − 𝑚22

) , 𝐻12 =
−𝑚23(

𝜆2
2 − 𝑚22

) ,
𝐻13 =

−𝑚23(
𝜆2

3 − 𝑚22

) , 𝐻14 =
𝑚13 𝐻11 + 𝑚14

𝑚11𝜆
2
1 − 𝑚12

,

𝐻15 =
𝑚13 𝐻11 + 𝑚14

𝑚11𝜆
2
2 − 𝑚12

, 𝐻15 =
𝑚13 𝐻11 + 𝑚14

𝑚11𝜆
2
3 − 𝑚12

,

The definitions for the coefficients 𝜆1, 𝜆2, 𝜆3, 𝛿1 in-
volved are detailed in Appendix I.
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The temperature and displacement components are ob-
tained using equations (20), (21), (23), (27) and (35), as
follows:

𝜃 = (𝐴1𝑒
−𝜆1𝑥 + 𝐴2𝑒

−𝜆2𝑥 + 𝐴3𝑒
−𝜆3𝑥)𝑒𝜔𝑡+𝑖𝑎𝑦 (32)

𝑢 = (−𝐻14𝐴1𝜆1𝑒
−𝜆1𝑥 − 𝐻15𝐴2𝜆2𝑒

−𝜆2𝑥 (33)
−𝐻16𝐴3𝜆3𝑒

−𝜆3𝑥 + 𝑖𝑎𝐵1𝑒
−𝛿1𝑥)𝑒𝜔𝑡+𝑖𝑎𝑦

𝑣 =
(
𝑖𝑎

(
𝐻14𝐴1𝑒

−𝜆1𝑥 + 𝐻15𝐴2𝑒
−𝜆2𝑥 (34)

+𝐻16𝐴3𝜆3𝑒
−𝜆3𝑥

)
+ 𝐵1𝛿1𝑒

−𝛿1𝑥
)
𝑒𝜔𝑡+𝑖𝑎𝑦

Using equations (32), (33) and (34), the stress compo-
nents can be determined as follows:

𝜎𝑥𝑥=
(
𝐴1𝑒

−𝜆1𝑥
(
𝐻14𝜆

2
1 − 14𝑎

2𝐻14 − 𝛾3𝐻11 − 𝑚14

)
+𝐴2𝑒

−𝜆2𝑥
(
𝐻15𝜆

2
2 − 𝛾14𝑎

2𝐻15 − 𝛾3𝐻12 − 𝑚14

)
+𝐴3𝑒

−𝜆3𝑥
(
𝐻16𝜆

2
3 − 𝛾14𝑎

2𝐻16 − 𝛾3𝐻13 − 𝑚14

)
+𝐵1𝛿1𝑖𝑎𝑒

−𝛿1𝑥 (𝛾14 − 1)
)
𝑒𝜔𝑡+𝑖𝑎𝑦 (35)

𝜎𝑥𝑦 = (−2𝐴1𝑒
−𝜆1𝑥𝑖𝑎𝐻14𝜆1 − 2𝐴2𝑒

−𝜆2𝑥𝑖𝑎𝐻15𝜆2

−2𝐴3𝑒
−𝜆3𝑥𝑖𝑎𝐻16𝜆3−𝐵1𝑒

−𝛿1𝑥 (𝑎2+𝛿2
1))𝑒𝜔𝑡+𝑖𝑎𝑦 (36)

4. Boundary conditions
The problem under consideration involves a thermoelas-
tic half-space subjected to an external heat source. At
the boundary surface 𝑥 = 0, the following conditions
are imposed:
The boundary condition for normal stress is given by:

𝜎𝑥𝑥
∗ = 0 (37)

• The boundary condition for shearing stress is de-
fined as follows:

𝜎∗
𝑥𝑦 = 0 (38)

• The thermal boundary condition is described as fol-
lows:

−𝐾 𝛿𝜃
𝜕𝑥

=
𝑞0𝑡

2𝑒
−𝑡
𝑡𝑝

16𝑡2𝑝
(39)

• The plasma boundary condition is imposed as:

𝐷𝑒
𝜕𝑁

𝜕𝑥
− 𝑠0𝑁= 0 (40)

Applying the aforementioned boundary conditions
yields a system of three homogeneous equations. This
system is solved using Mathematica, allowing the deter-
mination of the unknowns 𝐴1, 𝐴2, 𝐴3 and 𝐵1.(

𝐴1

(
𝐻14𝜆

2
1 − 𝛾14𝑎

2𝐻14 − 𝛾3𝐻11 − 𝑚24

)
+𝐴2

(
𝐻15𝜆

2
2 − 𝛾14𝑎

2𝐻15 − 𝛾3𝐻12 − 𝑚24

)
+𝐴3

(
𝐻16𝜆

2
3 − 𝛾14𝑎

2𝐻16 − 𝛾3𝐻13 − 𝑚24

)
+𝐵1𝛿1𝑖𝑎 (𝛾14 − 1)) = 0,

(−2𝐴1𝑖𝑎𝐻14𝜆1 − 2𝐴2𝑖𝑎𝐻15𝜆2 − 2𝐴3𝑖𝑎𝐻16𝜆3

+𝐵1

(
−𝑎2 − 𝛿2

1

))
= 0, 𝐴1 (𝐷𝑒𝜂𝑐 (− 𝐻11𝜆1) − 𝑠0 𝐻11)

+𝐴2 (𝐷𝑒𝜂𝑐 (− 𝐻12𝜆2) − 𝑠0𝐻12) +𝐴3 (𝐷𝑒𝜂𝑐 (− 𝐻13𝜆3)
−𝑠0 𝐻13) = 0,

𝐴1𝐾𝑇0𝜆1 + 𝐴2𝐾𝑇0𝜆2 + 𝐴3𝐾𝑇0𝜆3 =
𝑞0𝑡

2𝑒
−( 𝑡

𝜂𝑐 )
𝑡𝑝

16𝜂3𝑐5𝑡2𝑝
. (41)

To determine the constants 𝐴1, 𝐴2, 𝐴3 and 𝐵1, Cramer’s
method is applied to Eqs. (41).

𝐴1 =
Δ𝐴1

Δ
, 𝐴2 =

Δ𝐴2

Δ
, 𝐴3 =

Δ𝐴3

Δ
, 𝐵1 =

Δ𝐵1

Δ
.

The definitions for the coefficientsΔ,Δ𝐴1,Δ𝐴2,Δ𝐴3,Δ𝐵1
involved are detailed in Appendix II.

By employing Eqs. (32), (33), (34) and (35) – (36),
the displacement, mechanical stress, and temperature
fields in the thermoelastic half-space are determined.

5. Validity of the model
When the thermoelastic wave (which is illustrated by ro-
tation is ignored, the thermo-ealastic interactions in ther-
moelasticity theory in the framework of photo-thermal
theory is obtained and the results agree with Ezzat [12].
When the plasma wave (which is illustrated by carrier
density 𝑁 (𝑥, 𝑧, 𝑡) is ignored, the thermoelasticity the-
ory is obtained and the results agree with Abd-Alla et
al. [22].

6. Numerical results and discussion
To complement the theoretical findings derived in the
previous sections, we now present a numerical exam-
ple for specific medium. The numerical analysis is per-
formed using Mathematica software to demonstrate the
influence of rotation, magnetic field, electric field, wave
number, and time on the various physical fields, the tem-
perature, normal stress, shear stresses, normal displace-
ment, and carrier density due to both types of ramp type
heating and photothermal stress, which are illustrated
graphically. For numerical computations, the material
properties of Silicon as in [15] are taken under consid-
eration, which are as follows:

𝜆 = 3.64𝑥1010𝑁𝑚−2, 𝜇 = 5.46𝑥1010𝑁𝑚−2,

𝑘 = 1010𝑁𝑚−1, 𝜌 = 2330𝑔𝑚−3 𝛾 = 0.779𝑥10−9𝑁,

𝑗 = 0.2𝑥10−19𝑚2, 𝐾 = 150𝑊𝑚−1𝐾−1,

𝐾∗ = 3𝑊𝑚−1𝐾−1, 𝑐𝑒 = 650𝐽𝑘𝑔−1𝐾−1, 𝑇0 = 800𝐾,
𝜏 = 5𝑥10−5𝑠, 𝐸𝑔 = 1.11𝑒𝑉, 𝐷𝑒 = 2.5𝑥10−3𝑚2𝑠−1,

𝑑𝑛 = −9𝑥10−31𝑚3, 𝑠0 = 2𝑚𝑠−1, 𝑛0 = 1020𝑚−3,

𝛼𝑡 = 3𝑥10−6𝐾−1, 𝑎 = 0.25, 𝑞0 = 10.

The other constants that are used for numerical calcula-
tions are taken as follows:
𝜔 = 1.0, 𝑡 = 0.1, and 𝑏 = 1. The results are plotted
at different values of 𝑥 at 𝑧 = 0.5. To enhance conve-
nience, we have organized the graphs into three distinct

 10.57647/mathsci.2026.2001.02

http://doi.org/10.57647/mathsci.2026.2001.02


Alarfaj et al., Math. Sci 20 (1) 2026 35

categories. In the first set of groups, Figure 1, Figure 2,
Figure 3, Figure 4 and Figure 5 illustrate how the vari-
ous wave profiles are influenced by the, time 𝑡, rotation
Ω, magnetic field 𝐻0, electric permittivity 𝜀0 and laser
pulse time 𝑡𝑝 utilizing three distinct values of magnetic
field, rotation and laser pulse time on the physical quan-
tities.
Figure 1: Clear difference in Variations of the displace-
ment components 𝑢, 𝑤, temperature 𝜃, stress compo-
nents 𝜎𝑥𝑥 , 𝜎𝑥𝑦 and carrier the density 𝑁 with respect to
x−axis for different values of time 𝑡. It’s observed that
the 𝑢, 𝑤, 𝜃 decrease with increasing of axial 𝑥, while it
increases with increasing of 𝑡, as well the stress compo-
nents 𝜎𝑥𝑥 , 𝜎𝑥𝑦 increase with increasing with time. Fur-
thermore, it decreases with increasing of time and the
carrier density decreases with increasing of time and ax-
ial 𝑥. Initially, the amplitude experiences an exponential
increase, followed by a subsequent increase, ultimately
approaching zero at initial distance 𝑥.It’s noticed that
the physical quantities satisfied boundary conditions.
These results obey the physical properties of photo-
thermoelasticity theory. These results obey the physical
properties of photo-thermoelasticity theory. This result
is in a good agreement with the results obtained by Oth-
man et al. [17].
Figure 2: demonstrate the influence of characteristic
laser Pulse time tp on the displacement components
𝑢, 𝑤, temperature 𝜃, stress components 𝜎𝑥𝑥 , 𝜎𝑥𝑦 and
carrier the density 𝑁 with respect to x−axis. Initially,
there is a strong landing in the temperature distribution
as distance expands, eventually giving way to a gradual
descent. It’s observed that the 𝑢, 𝑤, 𝜃 decrease with in-
creasing of axial 𝑥, while it increases with increasing of
𝑡, as well the stress components 𝜎𝑥𝑥 , 𝜎𝑥𝑦 increase with
increasing with axial 𝑥 while it decreases with increas-
ing Laser Pulse time. In this figure, both the curves have
coincident beginning point with value zero, which leads
to satisfy the boundary condition and depletion of mag-
nitude takes place as the distance from the boundary in-
creases. It is noticed that the due to the time effect, the
elastic waves on the surface are generated with a positive
amplitude, which starts increasing when moving away
from the source. It is noticed that the laser pulse time
effects significantly affect the physical quantities varia-
tion behavior compared to without laser pulse time. It
is found that the fact that the effect of laser pulse time
effect corresponds to the term signifying positive forces
that tend to accelerate the metal particles. This result is
in a good agreement with the results obtained by Lotfy
et al. [18].
Figure 3: the impact of the angular frequency parameter
is shown for three different values of 𝜔 = 0.5, 1.0, 1.5.
This figure illustrates the main distributions along the
horizontal distance 𝑥 for displacement components 𝑢, 𝑤,
temperature 𝜃, stress components 𝜎𝑥𝑥 , 𝜎𝑥𝑦 and carrier
the density 𝑁 , within the photo-thermo-mechanical dy-
namic model. It’s observed that the 𝑢, 𝜃, 𝑁 decrease
with increasing of axial 𝑥, while it increases with in-
creasing of angular frequency 𝜔, as well as the displace-

ment component 𝑤 decreases with increasing of axial 𝑥
and angular frequency 𝜔. Furthermore the stress com-
ponents 𝜎𝑥𝑥 , 𝜎𝑥𝑦 increase with increasing with axial 𝑥,
while it decreases with increasing of angular frequency.
Hence, the presence of angular frequency enhances the
magnitude of 𝑢, 𝑤, 𝜃, 𝜎𝑥𝑥 , 𝜎𝑥𝑦, 𝑁 . Additionally, rec-
ognizing points of high sensitivity can guide the design
of more robust systems that perform consistently across
a range of operating conditions. It’s noticed that the
physical quantities satisfied boundary conditions. It’s
noticed that the physical quantities satisfied boundary
conditions. These results obey the physical properties of
photo-thermoelasticity theory. This result is in a good
agreement with the results obtained by Kh. Lotfy [19].

Figure 4: portrays the behavior of displacement compo-
nents u,w, temperature 𝜃, stress components 𝜎xx, 𝜎xy
and carrier the density N within a semiconductor
medium, shown as a function of distance 𝑥and impacted
by the rotation Ω, analyzed within the realm of hyper-
bolic two-temperature photothermal wave theory. It’s
observed that the u,w,𝜃,N decrease with increasing of
axial x, while it increases with increasing of rotation Ω,
as well the stress components 𝜎xx, 𝜎xy increase with in-
creasing axial x, while it decreases with increasing of
rotation Ω. This behavior is modulated by the rotation
strength, indicated by the differing curves for each value
of Ω, showing that the rotation exerts a significant con-
trol over carrier distribution within the material. It’s
noticed that the physical quantities satisfied boundary
conditions. It is clearly observed that the mechanical
waves are highly sensitive towards the characteristic ro-
tation. It is clearly observed that the mechanical waves
are highly sensitive towards the characteristic rotation.
The normal stress and shear distribution reveals how un-
certainties in thermal and mechanical excitation influ-
ence stress wave propagation, which is particularly im-
portant in high-precision applications. This result is in
good agreement with the results obtained by Othman et
al. [17].

Figure 5: The given plot illustrates the variation of the
physical quantities 𝑢, 𝑤, 𝜃, 𝜎𝑥𝑥 , 𝜎𝑥𝑧 , 𝜎𝑧𝑧 , 𝑁 as a func-
tion of horizontal distance for different values of elec-
tric permittivity 𝜀0, as indicated in the legend. How-
ever, if the electric permittivity increase, there is a clear
trend of decreasing magnitude in the physical quan-
tities. This highlights the impactful relationship be-
tween the electric permittivity and the resulting ampli-
tude of physical quantities. It’s observed that the 𝑢 de-
creases with increasing of axial 𝑥, while it increases
with increasing of electric permittivity 𝜖0, as well the
displacement component 𝑤, temperature heats 𝜃 de-
creases with increasing of axial 𝑥 and electric permit-
tivity 𝜖0. Furthermore the stress components 𝜎𝑥𝑥 , 𝜎𝑥𝑦
increase with increasing with axial 𝑥, while 𝜎𝑥𝑦 de-
creases with increasing of electric field 𝜖0, as well 𝜎𝑥𝑥
increases with increasing of 𝜖0. Also, the carrier the
density 𝑁 decreasing with increasing of axial 𝑥 and 𝜖0.
The 𝑢, 𝑤, 𝜃, 𝜎𝑥𝑥 , 𝜎𝑥𝑧 , 𝜎𝑧𝑧 , 𝑁 reveal how uncertainties
in thermal and mechanical excitation influence stress
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wave propagation, which is particularly important in
high-precision applications. It’s noticed that the physi-
cal quantities satisfied boundary conditions. This result
is in a good agreement with the results obtained by Al-
Hazaemh et al. [23].
Figure 6: illustrates the physical quantities
𝑢, 𝑤, 𝑇, 𝜎𝑥𝑥 , 𝜎𝑥𝑧 , 𝜎𝑧𝑧 , 𝑁 as a function of horizontal
distance for different values of magnetic field 𝐻0. It’s
observed that the u,w,𝜃,N decrease with increasing of
axial x and magnetic field H0. Furthermore the stress
components 𝜎xx increases with increasing with axial x,
while it decreases with increasing of magnetic field H0,
𝜎xy increases with increasing with axial x and magnetic
field H0. It’s noticed that the physical quantities satisfied
boundary conditions. The 𝑢, 𝑤, 𝑇, 𝜎𝑥𝑥 , 𝜎𝑥𝑧 , 𝜎𝑧𝑧 , 𝑁
reveal how uncertainties in thermal and mechanical ex-
citation influence stress wave propagation, which is par-
ticularly important in high-precision applications. This
result is in a good agreement with the results obtained
by Abd-Alla and Abo-Dahab [20].
Figure 7: displays the physical quantities
𝑢, 𝑤, 𝑇, 𝜎𝑥𝑥 , 𝜎𝑥𝑧 , 𝜎𝑧𝑧 , 𝑁 , across a semiconductor
medium as a function of distance (x), influenced by
wave number (𝑎). It’s observed that the u,𝜃,N decrease
with increasing of axial x and wave number a, as well
the displacement component w increases with increas-
ing of axial x , while it decreases with increasing of
wave number a. Furthermore the stress components
𝜎xx, 𝜎xy increase with increasing with axial x as well
𝜎xx, 𝜎xy increases with increasing of a. The variation
in the profiles with different wave number highlights
the wave number impact on the the physical quantities
within the material. This graph serves to elucidate the
material’s thermodynamic response under the simul-
taneous action of wave number within the theoretical
framework described. It’s noticed that the physical
quantities satisfied boundary conditions. The normal
stress and shear stress distribution reveals how uncer-
tainties in thermal and mechanical excitation influence
stress wave propagation, which is particularly impor-
tant in high-precision applications. This result is in a
good agreement with the results obtained by Lotfy and
El-Bary [15].

7. Conclusion
In this manuscript, we explored the dynamics of rota-
tion, the interplay between thermal waves, plasma, and
elastic waves within a homogeneous medium of a two-
dimensional deformation semiconductor material, em-
ploying electro-magneto-photo-thermoelasticity theory.
By applying both the normal mode analysis and Lame’s
potential, we derived analytical formulas for various
physical quantities. To understand the full scope of the
parameters’ impact, a comprehensive study involving
both graphical and theoretical analysis was undertaken.
The findings from these investigations can be distilled
into several key points:

1. All the physical quantities display a consistent qual-
itative pattern for different values of time, laser

pulse time, angular frequency, electric permittiv-
ity, magnetic field, rotation and wave number. It
is observed that, as time progresses, there is a no-
ticeable increase in the magnitude of all the field
variables. This indicates that the thermal and me-
chanical responses of the medium evolve over pa-
rameters, amplifying the effects of parameter.

2. All physical variables temperature, displacement
components, stresses components and carrier den-
sity grow over time, indicating progressive thermal
and mechanical responses under applied loads.

3. The validity of the thermoelasticity theory is rein-
forced by the observation that all physical variables
attain nonzero values only within a finite region of
the medium. This localization of thermal and me-
chanical responses, as illustrated in the graphical
results.

4. Magnetic Field Effects: Magnetic fields signifi-
cantly influence all measured physical quantities.
Our findings indicate that these factors enhance the
profiles of physical quantities.

5. Electric permittivity Effects: The presence of
electric permittivity markedly influences all inves-
tigated physical quantities. It notably decreases
the stress magnitude while augmenting the values
of temperature, displacement components, stress
components and carrier density, illustrating the
pivotal role of electric permittivity in modulating
the system’s characteristics.

6. Spatial Distribution: All physical variables man-
ifest non-zero values exclusively within a confined
spatial region, as illustrated in the figures. More-
over, as distance increases, all physical quanti-
ties distributions converge towards zero, achieving
equilibrium and adhering to the boundary condi-
tions. This spatial behavior underscores the local-
ized nature of the phenomena and the system’s ap-
proach to equilibrium over distance.

7. The influence of rotation, electro-magnetic field
and laser pulse timeintroduced play a significant
role in the temperature, displacement components,
stress components, and carrier density, according
to numerical data and analysis.

8. Major changes have been visualized between the
plotted curves related to all physical quantities
due to the laser pulse time, rotation and electro-
magnetic field in a wide range of the distance
which reflects that laser pulse time, rotation and
electro-magnetic field dominates every physical
quantities a very diminutive range of distance.

In conclusion, our study provides comprehensive in-
sights into the complex interactions between tempera-
ture, rotation, electric field and magnetic fields in photo-
thermoelastic semiconductor materials. The significant
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Figure 1. Variation of physical quantities 𝑢, 𝑤, 𝜃, 𝜎𝑥𝑥 , 𝜎𝑥𝑦 , 𝑁 for different values of time 𝑡 against.
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Figure 2. Variation of physical quantities 𝑢, 𝑤, 𝜃, 𝜎𝑥𝑥 , 𝜎𝑥𝑦 , 𝑁 for different values of laser Pulse time 𝑡𝑝 against 𝑥− axis
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Figure 3. Variation of physical quantities 𝑢, 𝑤, 𝜃, 𝜎𝑥𝑥 , 𝜎𝑥𝑦 , 𝑁 for different values of angular frequency 𝜔 against 𝑥− axis
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Figure 4. Variation of physical quantities u,w, 𝜃 ,𝜎xx, 𝜎xy, N for different values of rotation Ω against x−axis
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Figure 5. Variation of physical quantities u,w, 𝜃 ,𝜎xx, 𝜎xy, N for different values of electric field 𝜀0 against x−axis
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Figure 6. Variation of physical quantities u,w, 𝜃 ,𝜎xx, 𝜎xy, N for different values of magnetic field H0 against x−axis
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Figure 7. Variation of physical quantities u,w, 𝜃 ,𝜎xx, 𝜎xy, N for different values of wave number a against x−axis
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influences of parameter, the pivotal impact of temper-
ature, and the spatial distribution of physical variables
offer valuable perspectives for understanding the behav-
ior of such systems under various conditions.

8. Future works
We are interested in

• Studing the nonlinear behavior (bending, vibra-
tions,..) of nanocomposite structures emplying
some numerical methods such as the differential
quadrature method and finite element method.

• The periodic solution of nonlinear equations of a
finite deformation of elastic structures will be also
considered in the future work.

• Coupled thermo-hydro-mechanical photoelastic
wave propagation in poro-semiconductors under
gravity and electromagnetic fields.

Funding
This work was supported by the Deanships of Scientific
Research, Vice Presidency for Graduate Studies and Sci-
entific Research, King Faisal University, Saudi Arabia
[Grant No. KFU260147].

Authors contributions
All the authors have participated sufficiently in the intellectual
content, conception and design of this work or the analysis and
interpretation of the data (when applicable), as well as the writ-
ing of the manuscript.
Availability of data and materials
The data that support the findings of this study are available
from the corresponding author, upon reasonable request.
Conflict of interests
The author declare that they have no known competing financial
interests or personal relationships that could have appeared to
influence the work reported in this paper.
Open access
This article is licensed under a Creative Commons Attribution
4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s)
and the source, provide a link to the Creative Commons li-
cense, and indicate if changes were made. The images or
other third party material in this article are included in the ar-
ticle’s Creative Commons license, unless indicated otherwise
in a credit line to the material. If material is not included in
the article’s Creative Commons license and your intended use
is not permitted by statutory regulation or exceeds the permit-
ted use, you will need to obtain permission directly from the
OICC Press publisher. To view a copy of this license, visit
https://creativecommons.org/licenses/by/4.0.

References

1. Biot M. Thermoelasticity and irreversible ther-
modynamics. Journal of Applied Physics 1956;
27:240–53

2. Lord H and Shulman Y. Generalized dynamical
theory of thermoelasticity. Journal of the Mechan-
ics and Physics of Solids 1967; 15:299–309

3. Green A and Lindsay K. Thermoelasticity. Journal
of Elasticity 1972; 2:1–7

4. Ignaczak J. Uniqueness in generalized thermoelas-
ticity. Journal of Thermal Stresses 1979; 2:171–
5

5. Ignaczak J. A note on uniqueness in thermoelastic-
ity with one relaxation time. Journal of Thermal
Stresses 1982; 5:257–63

6. Al-Hazaemh A, Abd-Alla A, and Abbas S. Pho-
tothermal interactions in micropolar generalized
thermoelastic medium subjected to electromag-
netic field. Scientific Reports 2025; 15

7. Raddadi M, Mahdy A, El-Bary A, Lotfy K, and
Allan M. A rotating magneto-photothermoelastic
effect with moisture diffusivity of nonlocal semi-
conductor medium. The Journal of Strain Analysis
for Engineering Design 2024; 59:309–22

8. Abo-Dahab S, Salah D, Gafel H, Abd-Alla A, and
Abdelhafez M. Electromagnetic and heated pulse
laser on wave propagation during electrons and
holes excitation processes in a rotator semiconduc-
tor medium. Scientific Reports 2025; 15

9. Othman M and Singh S. Photo-thermoelastic
interaction in a semiconductor medium with
temperature-dependent properties. Journal of
Thermal Stresses 2005; 28:841–64

10. Sherief M, El-Sayed A, and Abd-Alla A. Gener-
alized magneto-thermoelastic interactions in a ro-
tating non-homogeneous solid. Acta Mechanica
2003; 162:1–17

11. Tzou D. Macro- to micro-scale heat conduction in-
cluding non-Fourier effects. Journal of Heat Trans-
fer 1995; 117:8–16

12. Ezzat M. Thermoelastic interactions induced by
a pulsed laser beam in a semiconductor medium.
Applied Mathematics and Computation 2005;
165:431–44

13. El-Bary A, Raddadi M, and Lotfy K. Magneto-
thermoelastic waves in a semiconductor medium
with temperature-dependent conductivity. Inter-
national Journal of Applied Mechanics 2021;
13:2150021

14. Lord H and Shulman Y. A generalized dynamical
theory of thermoelasticity. Journal of the Mechan-
ics and Physics of Solids 1967; 15:299–309

15. Lotfy K and El-Bary A. Photothermal excitation
in semiconductor media under fractional-order
thermoelastic theory. Thermal Science 2020;
24:1561–70

16. Tiwari R, Saeed A, Kumar R, Kumar A, and
Singhal A. Memory response on generalized ther-
moelastic medium in context of dual phase lag
thermoelasticity with non-local effect. Journal of
Archives of Mechanics 2022; 74:69–88

 10.57647/mathsci.2026.2001.02

https://creativecommons.org/licenses/by/4.0
http://doi.org/10.57647/mathsci.2026.2001.02


Alarfaj et al., Math. Sci 20 (1) 2026 45

17. Othman M, Hasona W, and Abd-Elaziz E. Effect
of rotation on micropolar generalized thermoelas-
ticity with two-temperatures using a dual-phase
lag model. Canadian Journal of Physics 2014;
92:149–58

18. Abd-Alla A and Al-Qahtani M. Electro-magneto-
thermoelastic wave propagation in a rotating
anisotropic semiconductor. International Journal
of Engineering Science 2011; 49:276–85

19. Lotfy K. The elastic wave motions for a photother-
mal medium of a dual-phase-lag model with an
internal heat source and gravitational field. Cana-
dian Journal of Physics 2016; 94:400–9

20. Abd-Alla A and Abo-Dahab S. Effect of ro-
tation and initial stress on an infinite general-
ized magneto-thermoelastic diffusion body with
a spherical cavity. Journal of Thermal Stresses
2012; 35:892–912

21. Jangra A, Sheok P, and Deswal S. Wave propaga-
tion in a nonlocal microstretch saturated porother-
moelastic medium under moore-gibson-thompson
heat conduction model. The Journal of Strain
Analysis for Engineering Design 2025; 60:88–
105

22. Abd-Alla A, Abo-Dahab S, and Alsharif A. Ther-
mal shock behaviour on generalized thermoelastic
medium under initial stress with rotation. Mechan-
ics of Solids 2024; 59:2861–75

23. Awwad E, Abouelregal A, Atta D, and Sedighi
H. Photo-thermoelastic behavior of a functionally
graded semiconductor medium excited by thermal
laser pulses. Physica Scripta 2022; 97

24. Marin M, Agarwal R, and Abbas I. Effect of in-
trinsic rotations, microstructural expansion and
contractions in initial boundary value problem of
thermoelastic bodies. Boundary Value Problems
2014; 2014:129

25. Abouelregal A, Marin M, and Öchsner A. The in-
fluence of a non-local Moore-Gibson-Thompson
heat transfer model on an underlying thermoe-
lastic material under the model of memory-

dependent derivatives. Continuum Mechanics and
Thermodynamics 2023; 35:545–62

26. Vlase S, Negrean I, Marin M, and Scutaru M. En-
ergy of accelerations used to obtain the motion
equations of a three-dimensional finite element.
Symmetry 2020; 12:321

27. Alshehri H, Lotfy K, Mahdy AM, and El-Bary A.
Double-temperature theory and acoustic pressure
impact on magneto-thermoelastic interactions sub-
jected to laser heating. Journal of Vibration Engi-
neering and Technologies 2025; 13:455–67

28. Nassar T, Mahdy AM, and Lotfy K. Thermal
Laser Pulse Effect on Optoelectronic Semiconduc-
tor Medium with Temperature Dependence and
Moisture Diffusivity. Journal of Vibration Engi-
neering and Technologies 2025; 13:485–500

29. Ailawalia P, Kamel A, Mahdy AM, Elidy E, and
Lotfy K. Thermal shock analysis in a semicon-
ducting medium using a modified Green–Lindsay
thermoelastic model. Mechanics of Solids 2025;
60:1–15

30. Mahdy AM. Stability, existence, and uniqueness
for solving fractional glioblastoma multiforme us-
ing a Caputo-Fabrizio derivative. Mathematical
Methods in the Applied Sciences 2025; 48:7360–
77

31. Mahdy M.A. Abdou DSM. Computational meth-
ods and dynamical analysis for studying dimen-
sional functional equations of mixed integro-
differential type. Boundary Value Problems 2025;
2025:108–15

32. Mahdy AM, Abdou M, and Mohamed DS. Numer-
ical solution, convergence and stability of error to
solve quadratic mixed integral equation. Journal
of Applied Mathematics and Computing 2024;
70:5887–916

33. Lotfy K, Mahdy A, El-Bary AA, and Elidy E.
Magneto-Photo-Thermoelastic Excitation Rotat-
ing Semiconductor Medium Based on Moisture
Diffusivity. CMES – Computer Modeling in En-
gineering and Sciences 2024; 141:107–26

 10.57647/mathsci.2026.2001.02

http://doi.org/10.57647/mathsci.2026.2001.02


46 Alarfaj et al., Math. Sci 20 (1) 2026

Appendix I
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Appendix II

Δ = 𝐾T0(−2𝑎2 (−1 + 𝛼14)𝛿1(H11(H15 − H16)(s0 + 𝑐De𝜂𝜆1)𝜆23 − H12(H14 − H16)𝜆1(s0
+𝑐De𝜂𝜆2)𝜆3 + H13(H14 − H15)𝜆1𝜆2(s0 + 𝑐De𝜂𝜆3)) + (−𝑎2 − 𝛿12) (H12(m24 + 𝑎2H14𝛼14 + H11𝛾3
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−𝐻15𝜆2(𝑐𝐷𝑒𝐻11𝛾3𝜂(−𝜆1 + 𝜆3) + 𝑚24(𝑠0 + 𝑐𝐷𝑒𝜂𝜆3))) + 𝐻12(𝐻16(𝑐𝐷𝑒𝐻11𝛾3𝜂
(−𝜆1 + 𝜆2) + 𝑚24(𝑠0 + 𝑐𝐷𝑒𝜂𝜆2))𝜆3 − 𝐻14(𝑚24𝜆1(𝑠0 + 𝑐𝐷𝑒𝜂𝜆2)
+𝑎2𝐻16𝛼14(𝑠0 + 𝑐𝐷𝑒𝜂𝜆2) (𝜆1 − 𝜆3) + 𝐻16𝑠0𝜆1(𝜆1 − 𝜆3)𝜆3
+𝑐𝐷𝑒𝜂𝜆1(𝐻13𝛾3(𝜆2 − 𝜆3) + 𝐻16𝜆2(𝜆1 − 𝜆3)𝜆3))))
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