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1. Introduction 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-

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
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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-
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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, v, 0). The rotation axis
is the axis perpendicular to the plane, and the whole

ﬁ

body rotates with a uniform angular velocity Q = Q7.
Consequently, there are two additional requirements for
the elastodynamic equations: Centripetal acceleration
- =

(Q A (Q ATW)) caused by just time-varying motion, and

. . - — .

Cariole’s acceleration (2Q A i) caused by a moving
reference frame.

The Maxwell equations of the electromagnetic field
can be found as follows when the electro-dynamic


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

32

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

medium is linearized for slow motion:

ﬁ
- — (9E oh -
Jj =curlh —ey—— Fr —,ueﬁ—curlE,
div—h)zo, divE):O,
— o = - SIS
E=-u |5 H|. h:curl(uxH).(l)

where, €9 and . represent the electric permittivity and
magnetic permeability, respectively. Also, (—12)) denotes
the particle velocity ( &zir,is the displacement vector),
and the dot notation denotes the time differentiation, the
Vect0r7 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
T (H = Hy + h) and E respectively is expressed as
follow:

H,=H, =0,

-
1
u

=

y

o<l x

E = s @)

o = »lé

0 Hy
Ex = ,ueH()W, Ey = 0, EZ = —,ueH()Ll

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

- =2 =
i J  k
T=l 2 2 0 |_g(0, 0,-uHyi)
J = 2x 9y oz € (U, U, —lelloU 3)
0 o O
Jy=J, =0, J, = + UeHoeoll
The Lorentz force vector takes the following form
— e
F = pu.(JxH). )

where
OTxx . F.= 0T, ’
Ox 0z

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

ﬁ
H:(09H070)9 FX:

0’u 0% 0’u ON
A+2u) — + (1 + +U— —VnT—
(A +2p) e (A+p) axay THaye T ax

— 1+T£ @+H2 &+ﬂ
e Yar | ax T ToHe o2 T axay

d%u 62 ov
2 _ 2
—SOHO,Ue Fro 31‘2 Qu—-2pQ— Fre @)
v 0’u 0% ON
A+2u) — + (4 — —Yn——
(+“)ay2+(+“)aa Ko "y
0\ o6 u 9%
—v. |1 V=2 4 52 7 L2
%( T 31) gy T Hoke (5x3y * 6y2)
0%y v ou
2 2 _ 2
—eoHyu, — Eys =p— Eys Qv + 2,095, (6)
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(ii)) The plasma (carrier-density)  diffusion—
recombination equation is [23]

(82N 62N) 6N N

G ﬁ— 7
axz  0y? or T 1 @

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

K(a—20+@) = _—EgN+pc (1+‘ro£)
ox2  0y? T ¢ ot
+y:To (l +mto— ) (6_2u + o ) ,

ot) \oxot  dyor

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

®)

ou & P
A+20 28 4 A2 ) N =y (1 + 19T
ox ot

Oxx = ay
ov ou 0
Oyy = (/l+2,u)5+/l$—ynN—y,(1+TOE)T
v  Ou
Oxy = ﬂ(_ _y) 9

where sy corresponds to the surface recombination
speed, qo is a constant parameter, and ¢, 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:

(7 15, 77) = nc? (1,70, 71) (10)
(x*, y*,u*,v*) =nc (x,y,u,v),

* £

1
* p—
(O-xx’ O-yy’o—xy) - /_1 (O-XX’O—YY’O-XY) ’

N 0
N* = 9* =7 Q* = %’ Q* =
no To non=c=D, c

A+2
where 7 = Z2¢ and ¢ = T“.

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

Pu, P PN

ax2 " 1 dxdy 72 ay? 73 ox

1+ 0 69+ 82u+62v
VU T % ax T\ bx2 T dxay

8%u 8%u ov
QU -y Q—, (1)

% T o at

02v 0214 621/ ON

oy Moxay * “ Y%y
oy 0) 08 u_ %
TG 5y T\ Gray T oy

% 0% 5 ou
V0 o ot 12
Yoga T g T Y1V Hyslan, (12)

(62N 82N) ON
9

N 0
a2 T el it 5 tror —voo (13
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9%6 N 9%6 N Lsn 0
bl 0 —
ox2 " 8y Ytz 0%
0 d%u v
+ 1+ — + 14
7‘3( "”Oar) (axaz ayat)’ (14
ou ov 0
Sux = — +y1u— — 13N —y4 [1 + 0, (15
xx = oo 714ay Y3 74( T]at) (15)
ou Jv
Oxy =|—+—]. 16
Y (6y (9x) (16)
where
_ Q@+ _ _YnMo
NE e T W T e
v B Hé,ue 3 80H§#§C2
74_(/1_'_2#),75_(/14_2#),76_ (A+2/J)’
= P o ve = 2p co
L NP W B TU RV N
79 - Del] ’ 710 - Del] ’ 711 - KTOT] )
_ PCe - -1t
Y12 Ky Y13 K Y14 A+20)

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

90 dp
T ox oy’
00 Ay

== 2 17
ady Ox a7

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

9%0 520
(L+ys) og + (i +ya+ 75)—2—73N (18)

2 2
—Y4 (1+‘I‘1;3 ) 0— (’y6+1) l+77920+yggﬂ =0

ayot
9 5@
(y1-1 )——72 +(1 _76) at2
82<p
—y,Q? Q—=0 19
Y782 =3 Byat (19)
6—29+8—29 =y 1N+ 1+ 2
ax2 " ay? =Yty Toat

2 2
9°0 6<p) 20)

d
s (“mo 6t) (6x26t+6y26t

3. Solution Methodology

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

(0,N,6,¥)(x,y,1) = (0, N*, 0", y") (x)e @) (21)

#10.57647/mathsci.2026.2001.02

Where w 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:

(D= mia) g ) =0 (22)

(D? myy = m12)0*(x) —my3 N*(x)  (23)
—mis 0"(x) =0

(D2 - mlS) 0% (x) —mioN™ (x) (24

—mayg (D2 - m21) 0" (x)=0

(02 - m22) N* (x) +mp6*(x) = 0 (25)
Where, miy = 1+ ys, mpp = yia> + ya® +
ysa® + yew? + w? — v1Q% + yQiaw, myz =

Y3, miy = ya(l+7w), ms = -y, mi
-b + Y1 b? + y6w2 -+ )/792 + ygQiaw, my7 =

m _ 2 _ u _

e mig = a” +ypw (1 +7w), myg = YT,mzo—
2

yi3w (1 +mrw), my = a*, myp = da® + yow +

9 _ 10

2 gy = 20

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

(D — @11 D* + @12D? — @13) (0% (x), N* (x), 0% (x)) = 0 (26)

Where, a1 = [IE—:? , @1 = g—:? , @13 = K” ,Kip =
—mi1, K12 = —may—migmoo—myy (m1g + myp) , K13 =
myymigmay +nya (Mg + map) +myamog (M) + may) +
myymigmys + mizmoomas , Kig = —mppmigmy —
M4m0 M2 — M12M19M23 — M13M0M21M23 ,
Auxiliary equation for equation (26) is:

/16—a11/l4+a12/12—a13 =0 (27)

The solution of equations (26) and (22) - (25) are ex-
pressed as:
Y (x) = Bie™ 1" (28)

0" (x) = Aje™* + Aye ™ + Aze™B* (29)

N*(x) = Ay Hlle_/hx + Angze_/lzx + A3H136_/l3x
(30)
Ok(x) = A1H14€_/11x+A2H15€_/12x+A3H16€_/l3x (31)

Where /l%, (i = 1,2,3) are roots of auxiliary equation
(27),

—my3 —my3
Hy=— JHi = — ,
(47 = ma2) (43 = ma2)
—mo3 mi3 Hyp +myy
Hyz = . JHiy = =z ,
(/l3 —m22) mpAy —mjp2
_mpz Hyp+myy _mp Hyy+myy
Hs=————Hs=—"—F—"—

2 2 ’
mpd; —miz mjA3 — miz

The definitions for the coefficients A, Az, 13,0 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:

0= (Ale—/llx + Aze—/lzx + A3e—/l3X)ea)l+iay (32)

u = (_H]4A]/l]e_/11x _ HlsAz/lze—/lzx (33)
—Hi6A313¢ B + jaB e 01%)e@i+iay

p= (ia (H14Ale‘/“x + HysAye 0 (34)
+H16A3/l3e_/l3x) + 31516_51x) ewtriay

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

Oxx= (Ale_’hx (H14/1% — 14a’Hyy — y3Hyp - m14)

+Aze ¥ (HIS/l% —yua*Hs - y3Hy - m14)
“Asx 2 2

+Aze (H16/13 —yisa Hyg — y3Hi3 - m14)

+B 61iae~ 0% (y14 — 1)) e@rHiay (35)

Oxy = (—2A1€_/l'xiaH14/ll - 2A2€_/12XiaH15/12
~2A3e %% iaH 643~ Bie” %" (a*+67))e Y (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:

Oxx =0 37

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

ol =0 (38)

* The thermal boundary condition is described as fol-

lows: .,
80 qotle™
-K— = 39
ox 161 &9
* The plasma boundary condition is imposed as:
ON
D,— —soN=0 (40)
ox

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 Ay, Aj, A3 and Bj.

(Al (H14/1% —y1sa*Hyy — y3Hyy — m24)
+A; (Hlsﬂi — yiaa*His — y3Hi - m24)
+A3 (H16/l§ —ya*Hie - y3Hi3 - m24)

+Bd1ia (y14—1))=0,
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(=2AqiaH 421 — 2AziaH 51y — 2A3iaH 613

+B; (—a2 — 5%)) =0,A| (Dene (- Hyjdy) — so Hyyp)
+As (Dene (= Hi2dz) — soH12) +A3 (Dene (— Hi343)
-so Hi3) =0,

()
qot’e

1677365t12J

A1KTpd1 + A2 KTy + A3KTpA; = . (4])
To determine the constants A, A, A3 and B, Cramer’s
method is applied to Eqgs. (41).
AA; AA; AAj AB;
Al=——, Ap=—=, As=——, Bj = —.
PTTA T AT AT T T A

The definitions for the coeflicients A, AA;, AA;, AAs, AB
involved are detailed in Appendix II.

By employing Eqgs. (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:

A=3.64x10'"Nm =2, p=5.46x10""Nm=2,
k=10"Nm™", p=2330gm=> y =0.779x10"°N,
j=02x10""m?, K =150Wm~ 'K,
K*=3Wm™'K™!, ¢, =650Jkg™'K~!, Ty = 800K,
T= 5x1075s, E,=1.11eV, D, = 2.5x10’3m2s71,
d, = —9x10_31m3, S0 = 2ms_l, ny = 1020m_3,
a; =3x107°Kk~", a=0.25 ¢o=10.

The other constants that are used for numerical calcula-
tions are taken as follows:

w = 10,1 = 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
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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 ¢, rotation
Q, magnetic field Hy, electric permittivity &y and laser
pulse time 7, 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 6, stress compo-
nents o, 0xy and carrier the density N with respect to
x—axis for different values of time ¢. It’s observed that
the u, w, 6 decrease with increasing of axial x, while it
increases with increasing of ¢, as well the stress compo-
nents oy, Oxy 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 t, on the displacement components
u,w, temperature 6, stress components Oy, Oxy 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, 0 decrease with in-
creasing of axial x, while it increases with increasing of
t, as well the stress components 0y, 0xy 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
etal. [18].

Figure 3: the impact of the angular frequency parameter
is shown for three different values of w = 0.5, 1.0, 1.5.
This figure illustrates the main distributions along the
horizontal distance x for displacement components u, w,
temperature 6, stress components oy, Oxy and carrier
the density N, within the photo-thermo-mechanical dy-
namic model. It’s observed that the u, 8, N decrease
with increasing of axial x, while it increases with in-
creasing of angular frequency w, as well as the displace-
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ment component w decreases with increasing of axial x
and angular frequency w. Furthermore the stress com-
ponents Oy, Oy, 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, 0, Oxy,0yy, 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 6, stress components Oxx, Oxy
and carrier the density N within a semiconductor
medium, shown as a function of distance xand impacted
by the rotation Q, analyzed within the realm of hyper-
bolic two-temperature photothermal wave theory. It’s
observed that the u, w,0, N decrease with increasing of
axial x, while it increases with increasing of rotation €2,
as well the stress components oyx, 0xy increase with in-
creasing axial x, while it decreases with increasing of
rotation Q. This behavior is modulated by the rotation
strength, indicated by the differing curves for each value
of Q, 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, 6, 0xx, Oxz, 0z, N as a func-
tion of horizontal distance for different values of elec-
tric permittivity o, 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 €y, as well the
displacement component w, temperature heats 6 de-
creases with increasing of axial x and electric permit-
tivity €9. Furthermore the stress components oy, Oxy
increase with increasing with axial x, while oy, de-
creases with increasing of electric field €y, as well oy
increases with increasing of €. Also, the carrier the
density N decreasing with increasing of axial x and .
The u, w, 0, 0xx, Oxz, 07z, 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, 0xx,0xz, 07z, N as a function of horizontal
distance for different values of magnetic field Hy. It’s
observed that the u, w,0, N decrease with increasing of
axial x and magnetic field Hy. Furthermore the stress
components oxx increases with increasing with axial x,
while it decreases with increasing of magnetic field H,
Oxy increases with increasing with axial x and magnetic
field Hy. It’s noticed that the physical quantities satisfied
boundary conditions. The u, w, T, Oxx, Oxz, Ozzs 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, Oxx,0xz, 07z, N, across a semiconductor
medium as a function of distance (x), influenced by
wave number (a). It’s observed that the u,6, 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
Oxx, Oxy increase with increasing with axial x as well
Oxx» Oxy 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

#10.57647/mathsci.2026.2001.02

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, 8, 0 xx, 0xy, N for different values of time ¢ against.

%10.57647/mathsci.2026.2001.02



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

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

lr..rlr
3 Ty,
8 h.."" -_I-lrlllllllillllI"IIIil|l-||1|||"""""|I"“"""“"“"“"“
l|.'..
u,"r
'Il.'l
§Hiy, "li||
Migyy LT "
LTI LTI i
LT :
I |-.-.IIIIIII
RULLITTTrr i
i i Ndiabiamag— ¥ -II LU L UL TNV LD LU LR RARE GG AR e b X
H 1 1 B 1 bE i an o L 1.3

Figure 2. Variation of physical quantities u, w, 8, 0xx, 0xy, N for different values of laser Pulse time #,, against x— axis
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Figure 3. Variation of physical quantities u, w, 6, 0xx, 0xy, N for different values of angular frequency w against x— axis
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Figure 4. Variation of physical quantities u, w, 0, oy, oy, N for different values of rotation € 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.
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