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Abstract. A rotating semiconducting cylinder is studied within the framework of photo-
thermoelasticity. The cylinder is exposed to an exponential pulse, acting as a variable heat
flux. The study utilizes the Moore-Gibson-Thompson-Photo-Thermal equations of heat
transfer. They incorporate two temperatures to describe the basic equations of the system.
The Laplace transform is employed which allows for a more efficient and accurate solution.
To calculate the displacement components, carrier density, thermal stresses, and conductive
temperature in the physical domain, the numerical inversion techniques are utilized. Fur-
thermore, MATLAB software is employed to generate graphical representations of all the
parameters involved in the study. These visualizations illustrate the impact of thermal relax-
ations and various thermoelasticity theories that consider two temperatures.

Keywords: semiconducting cylinder, two temperature, modified Moore-Gibson-Thom-
pson heat transfer, exponential pulse.

1. Introduction.

Semiconductor materials have garnered significant attention in recent years owing to
their unique physical properties. At room temperature, semiconductor materials do not show
good conductivity, in comparison with metals like copper or aluminum. Furthermore, they
do not possess the insulating properties of materials like glass. However, as the temperature
rises, the semiconductor materials resistance gradually decreases, leading to enhanced elec-
trical conductivity. This characteristic has made semiconductor materials indispensable in
modern VLSI, and electrical industries. When semiconductor materials are heated, their
physical properties are altered as a result of deformation. Two primary types of deformation
occur as a result of thermal effects: thermoelastic deformation and electronic deformation.
Thermoelastic deformation is observed when semiconductor materials are subjected to fo-
cused laser or sunlight beams, causing them to vibrate. The semiconductor materials can be
found in a wide range of applications in renewable energy, especially solar cell technology,
where they make it possible to harness solar energy efficiently.

In 1938, Duhamel [1] introduced an uncoupled classical theory of thermoelasticity.
However, this theory had two limitations. Firstly, it did not consider the relationship be-
tween the material’s state and its temperature. Secondly, the parabolic heat equations pre-
dicted that temperature could travel at an infinite speed, which contradicted experimental
observations. To address these limitations, Biot [2] proposed a coupled thermoelasticity
theory that explained the connection between elasticity and heat conduction equations.
However, this theory had the drawback of only predicting heat waves with unlimited propa-
gation speeds. To overcome this, Vernotte [4, 5] and Cattaneo [3] suggested incorporating a
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relaxation time into the heat flux vector in relation to the temperature gradient. This modifi-
cation aimed to achieve a steady state when there is an abrupt change in temperature in a
homogeneous and isotropic medium as:

0
[1 +7, ajq =—K;0T. (1)

After that, Lord and Shulman [6] introduced a generalized theory of thermoelasticity for
an isotropic body with one relaxation time, which states that due to the hyperbolic nature of
the heat equation, temperature propagates at a finite speed. This theory provided a signifi-
cant advancement in understanding the behavior of heat in materials. The knowledge of
thermoelasticity was further improved by Chen and Gurtin [7] by combining the two con-
cepts of thermodynamic temperature — which is generated by mechanical processes — and
conductive temperature, resulting from thermodynamic processes. This more precise version
of thermoelasticity allowed for a comprehensive analysis of the temperature distribution in
materials. Green and Lindsay [8] presented a symmetrical linear heat conduction tensor,
which played a crucial role in the development of thermoelasticity. This tensor provided a
mathematical framework to describe the conduction of heat in materials, enabling a deeper
understanding of the underlying mechanisms. Dhaliwal and Sherief [9] extended the equa-
tions of generalized thermoelasticity to anisotropic media. Their contributions allowed for a
more comprehensive analysis of materials with varying properties in different directions,
providing a more accurate representation of real-world scenarios.

Green and Naghdi [10 — 12] made significant helps to the field of thermoelasticity by
further advancing the theories with and without energy dissipation. Their work not only im-
proved the understanding of heat conduction but also enhanced the Fourier law, which de-
scribes the relationship between heat flux and temperature gradient in materials as:

q=-K,VT-K, V3 9=T; T=p-a,0p,. ©)

This 3rd-order differential equation plays a crucial role in specific fluid dynamics and
serves as the foundation for Lasiecka and Wang’s theory [13], as referenced in their work.
Quintanilla [14, 15], in his research, introduced a novel model of heat conduction by incor-
porating the MGT equation with 2T, further solidifying the equation’s importance in the
field. Referred to as the modified Fourier law, the MGT equation continues to be a focal
point for researchers exploring various applications and implications within the realm of
fluid dynamics and heat conduction.

(1 +7, %jq =-K,VT-K;V9, where, §=T . 3)

Fernandez and Quintanilla [16] explored the topic of linear thermoelastic distortions in
dielectrics, while Bazarra et al [17] delved into a thermoelastic issue using the MGT ther-
moelastic equation. In the context of semiconductor elastic media, the excitation of free
electrons by external laser beams leads to a significant increase in the density of charge car-
riers at a low semiconductor gap energy E, . This, in turn, triggers electronic deformations

and elastic vibrations as a response to absorbed optical radiation. Consequently, the pres-
ence of thermoelastic plasma waves becomes a crucial factor in determining heat conductiv-
ity calculations.

A generalized formulation of the updated Fourier law for SM materials, taking into ac-
count the influence of plasma, can be derived as

E N .
£ dx, where, =T . 4)

0 .
[1”05}1 =—K,VT-K;V39-| -
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Photo-excitation is represented by the last term in Eq. (4). Differentiating equation (4)
w.r.t. x, yields

. E.N .
[1+r0%jv-q:-V-(Kyvnkyvg)— éT , where, §=T. )

Several other researchers, including Kaur et al. [18, 19], Lata et al. [20], Kaur and Singh
[21 — 23], Kaur et al. [24], Singh et al. [25], have also conducted similar studies on semi-
conductor media. However, there is a lack of research on the transient research of semicon-
ductor cylinders with two temperatures exposed to photo-generated plasma and ultras-hort
pulsed laser heating, as revealed by the literature review. By reviewing the significance of
the problem in depth, the study intends to address this gap.

2. Basic Equations.

The constitutive equations [26, 27] for an MGTPT with thermal-plasma-elastic interac-
tion are given by:
1. Constitutive relations

0y ~( At~ BT =8N )0+ w4, )

(6)
B=03A+2u)e; 6,=(3A+2u)d,; T=p-a,p,.
1. Equation of motion
oy +F =plii; + Qx(Qxu)+2Qxu}, (7)
where, Qx(Qxu)and 2Qxu are the centripetal acceleration and Coriolis acceleration.
1II. Plasma diffusion equation
N , N 5 T &N,
—=D_.V'N——+«k(1-aV~ )@, where, x = ——. 8
ot £ T ( )(o z oT ®)

1V. Modified MGT heat conduction equation
. ' E,N d ) L
(Ky0,),+(Kie, ), r—o (1 +1, 5)[ pCy(1-aV?)g+ BT, - pO ), (©)

where, K; = K;6;, K; = K;é‘ij, i is not summed.
Also, the subscript followed ‘,” a comma denotes the partsal derivative w.r.t. spase co-

ordinates and a superposed ‘.’ signifies differentiation w.r.t. variable, where

Cijk = €jki = Ckij = ~€jik = “Ckji = "Ciky>

+1, if (i, j, k ) is even permutation of (1,2, 3);
&k =1L if(i, 7, k) is odd permutation of (1, 2, 3);

0, iftwo or more indices are equal
(Eg.6i =+ 63 ==L 6, =0).

3. Method and solution of the problem.
Consider a semiconductor solid cylinder with symmetric and thermally homogeneous
properties, having a radius of 7, . Laser pulses from an external heating device have been

used to heat the exterior of the cylinder. The cylindrical coordinate system (r, 8, z) is

aligned with the z-axis parallel to the cylinder axis, while the cylinder starts at a constant
and uniform temperature of (7j).
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Fig. 1. Structure of problem.

Furthermore, in order to meet the regularity criterion, it is presupposed that each field
being examined is finite within the given medium. The functions being considered are af-
fected by both the radial distance » and the time t in the case of a 1-D problem, owing to its
symmetry. The expressions for displacement-strain and displacement components are for-
mulated accordingly.

u=(u,0,0)(r,1);

u ou (10)

€y =75 €= =6, =¢y, =e, =0.

;
r or ‘

The equation (5) using (8) will be the form

o, :2ya—u+ﬁe—(ﬂ(l—avz)(p+5nN); an
or

0'99:2yz+le—(ﬂ(l—aV)2¢+é‘nN); (12)
r

o, :ﬂe—(ﬂ(l—avz)¢7+5nN); (13)
2
0
sza—2+li; ekk:e=l (ru)
or- ror r or

Hence, the dynamic motion equation becomes

oo, 1 u
F‘i‘;(ﬁrr—O'gg):p(a?—Q MJ (14)
Using equations (11) — (13), in equations (14) and (8) — (9), yields:
d(10(ru) d ) N ou
A+2u)—| ——= |- f—3(1-aV -0, —=p|—|; 15
( 'u)ar(r or ] ﬂar{( ¢ )(p} " or P or (15)
ON _ 2 N 2\ .
E—DE(V N)—7+K‘(1—av )gD, (16)
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o, wo  EN d & (1 o o
KLVt KV s~ | 1ery = pCEatz{(l av )¢}+ﬂToat2 .an

Pre-operating both sides of Eq. (15) by (1/r+06/0r), we obtain
2 2 2 2 de
(A+2u)V?e- BV (l—aV )q)—é‘nV N=| =7 (18)

The aforementioned equations can be transformed into dimensionless form using the
following dimensionless quantities:

(Y =von(r.u); (T'.N'.o}.0') = #(ﬂr, 5,N.c;.0);
0

! ror 2 pCE 2 H
T0, T, t)=van(zty, 7,t); N = L pVe =A+2u; vy = .
(7o ) =von(z, ) 1 X PV My ’,A+2y

The magnetic parameter M (sometimes referred to as the Hartmann number) deter-
mines the magnetic field’s strength in this instance. After suppressing the primes, applying
(19) to equations (15) — (17) yields

(19)

d%e
V’e-V?(1-aV?)p-V’N =| —- |; 20
(1-av?)p . (20)
aa_]tvz51(V2N)—52N+53(1—av2)¢; @1)
V2916,V + 5 N—(l-i-z' ﬁ] i(l—avz) vs,2e (22)
o DT OO “or )| o T |
where,
1 KO K
0,=Drn; 6,=—; O=—"2; Oy=——;
1 £ 02 PR ; 4 (/1+2ﬂ)CE
(23)
Eg BT,
5 = > 06 = :
8,Cp(A+2u)nt PCp (A+2p)
Using equation (19) in equations (11) — (13) and after suppressing the primes, yields
., =2}/za—u+(1—272)e—((l—aV2)q)+ N); (24)
or
A 2U 2 2 .
O =27 2+ (1-2y )e—((l—av )¢)+N), (25)
r
0. =(1-2y")e-((1-aV?)p+N). (26)
Initial conditions are assumed as
Ou
90 =0=— 30 N 27
(r,0)=0=2(1,0) @)
op
@(r,0)=0=—"-(r,0); (28)
or
N(r,O):O:aa—N(r, 0). 29)
r

134



The Laplace transform of a function f w.r.t. time variable ¢, is defined as

L(£(1)=7(s)=[f(r)ear. (30)
0
Using Laplace transforms from Eq. (30) to (20) — (22) yields
(V2+Qz—sz)E—Vz(l—avz)(ﬁ—Vzl\_/:O; 31)
(V> = (8, +5)) N +6,(1-aV? )5 = 0; (32)
(1+ros)56s25+(—(s+54)v2 + (1475557 (1—av2))¢—5sﬁ 0. (33)
Using Laplace transforms on equations (30) to equations (24) — (26), we obtain
., 20U 2\= 2\=, ).
o, =2y 5+(1—2)/ )e—((l—aV )¢+N), (34)
o =27t (1-27%)e —((1-av?)7+ N); 35
g0 7r+( 7)9 (( a )¢+ ), (3%5)
GZZ:(1—27/2)5—((1—avz)¢+ﬁ). (36)
When Eq. (31) to (33) are decoupled, we get
(v6 ~ BV* + V2 —D)(E,(ﬁ,ﬁ) =0, 37)
where,

B =—(a8,855 +—AS; — 5,010 — 6,0 + 540y, — adsdy ) [ 4;
C = (=8,055 +ady 558, + 830, — 85,510 + 54,81, + 3y + 540y )/ 4
D =(8,6,055 — 545,00 )/ 4;
8 =(Q7=57); S =8, +5; & =(1+745) 8657
S0 =(1+75)s% 0, =—(s+8,)—(1+7,5)s%a.
Presenting /4, =1,2,3,in equations (37), we obtain
(V-22)(V2=24)(V* - & )(e..N) =0, (38)
where, A7,i=1,2,3, are the roots of the equation

(16—3x4+cx2—1))=0.

Which are given by
e =§(2a)sin§+3); (39
23 =§(—wsin§—ﬁwcosgf+3); (40)
A2 =%(—a)sin§+\/§a)cos§+3). (41)
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With

20°

3 —
e G;jgg;§=éﬁn4(—23 9BC+27DJ.
The solution to Equation (38) can be expressed in a general form as

3
(ga(ﬁsN)ZZ(I»é’i’ni)giIO(iir)’ (42)
i=l
where I, ( ) represents the second form of n™ order modified Bessel functions. We obtain
the following terms by using Eq. (42) into Egs. (31) to (33)
(o) et -a)
0305 + (51 A+ 510)(51/11'2 - 58)

(43)

i

_ — (4 +6,)(%)
0305 + (6 1/11‘2 + 510)(51/11'2 - &)

; (44)

Within the realm of the Laplace transform, the variable representing displacement u, can
be articulated in a subsequent manner:

_ 1
=2 gl (4r) (45)
i=1 i
We obtained Eq. (45) using Bessel function relation
Ix]o (x)dx = x1, (x). (46)
Differentiating Equation (45) in terms of r yields
o 1
== A Ly (Ar)——1 (A7) |. 47
TS| hlan)- ()] )
Consequently, the closed-form expression for thermal stress is derived as:
3 2?
O'”,:Zgi liIO(/,Lir)__[l(/Iir) 5 (48)
i=1 Ar
3 2°
O :zgi Wll(lir)'i_lilo(ﬂ'ir) > (49)
i=l i
3
Gzz :Zgililo (ﬂ‘ir); (50)
i=1

l; :1_272—(§f(1_a/1f2)+'7i)~

4. Boundary conditions.
It is hypothesized that an external force is acting upon the outer surface of the cylinder.
As aresult of this force, the mechanical boundary condition can be expressed as

1-al?. (51)

Furthermore, a variable heat flux, specifically exponentially pulsed laser heat, is applied
at the periphery of the cylinder. This results in the establishment of certain boundary condi-
tions that need to be taken into consideration when analyzing the system as
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tz 1/t
q, :qo—e_/”; at r=r,. (52)

161,
Using (32) in equation (3) yields
0 0 or
I+og— |G, =~| =+ |—, 33
( Oat)qp (az 4) or 43)
Equations (52) and (53) yields the subsequent boundary condition
q—oz(l+roij£(t2e_t/t"):—(£+54j6—T, at r =r,. (54)
162, ot ) ot ot or

During the diffusion phase, carriers have the ability to come into contact with the sam-
ple surface, where there exists a certain likelihood of recombination taking place. The boun-
dary conditions for carrier density are as follows:

ON
Dp—=s,N, at r =¥, (55)

r

By applying Laplace transform on the boundary conditions (51), (54), and (55) yield

7(1,5) =0 GO
o0-avHp| | q(+zes)s =G (s); (57)
o |, 84, (5+8) ’
b, M — s N (ns). (58)
or i

Equations (42) and (45) are substituted into Eq. (56) — (58), giving

3
Zgi%h(%ro)ﬂ; (59)
i=1 7
3 1+7 s)st _
T Ar)EA(—al?)=— Go(1+705)st, =-G(s); 60
;gz 1( er)gl z( a l) 8(1+Sl‘p)3(S+54) (S) ( )
3
Y 08 {DpAcdy (Amy) 5,10 (Airy )} =0 (61)

i=1

Solving equations (59) — (61) using Cramer’s rule, we can get the values of g;,i=1,2,3

A=G,[GsGy —GG4 |-G, [G4Gy — G¢G, |+ G3[G4Gg — GG, |;
A =G(s)[G,Gy —GsGs s A, =G(s5)[G,Gy —G4G;]; Ay =G(s5)[G,Gg—G,G,];
G, :Ali@; Gis =& (1-a27): g =1y (DA — s}
L(An) =65 Ly(An)=v; i=123.

137



and by using the values of g; (s) in (42), (45), (48) — (50), the expression for displacement,

temperature distribution, carrier density, and stresses can be obtained as:

G(s)
A

9 0 0
{[G2G9 ~GgG;]-+-[G,Gy — G,G3] =2 +[G,Gy —G2G7]—3}; (62)
A A A

u=

T= %{[GzGo _G8G3]§1'91 _[G1G9 ‘G7G3]§232 +[G1G8 _G2G7]§3'93}; (63)

— G(s
N = i ) {[Gng _G8G3]771191 —[Gng —G7G3]772192 + [GIG8 —G2G7]773193}; (64)
— G(s) {[Gng ~GsGs](144 — 1) ~[G1Go — GG (1% - y2)+} .
O-rr = ;
A +[G1G8 _G2G7](l3'93 —/13)
R G(S) [G2G9_G8G3]{ﬂ1 +11191}—[G1G9—G7G3]{ﬂ2+12192}+ (66)
700 = 5
9~ "\ +[GGs —G,G; [{ 13 + 5%}
GZZ = R
A +[G,Gs —G,G, ] ;%

where

2
8= 1y(Ar): 6= 1, (4r): =L

=
il

L(4r), i=12,3.

5. Inversion of the transforms.

The method to find the solution within the physical domain involves the process of in-
verting the transforms specified in equations (62) — (67) using

+io0
e

f(x.1) =ﬁ Jf(x,s)e_”ds. (68)

e*ix:

To calculate the integral in equation (68), it is recommended to utilize Romberg’s inte-
gration method with adaptive step size, as suggested by Press et al. [28] in their work.

6. Particular cases.
If K"#0,K#0 and 7, # 0, a # 01in equation (62) — (67), it is possible to acquire the
outcomes of the MGTPT+2TT.

If K"#0,K 0 and 7, =0,a #0 in equation (62) — (67), the outcomes of the PGN-III
model, which incorporates two temperatures, are obtainable.

If K#0 and 7, =0,a#0 in equation (62) — (67), the results of photothermal Green —
Naghdi II model (PGN-II) with two temperatures can be acquired.

Ifry=0, K "=0,a#0in equation (62) — (67), the results of coupled photo-thermoelas-
ticity theory (CPTE) with two temperatures are achieved.

IfK =0, a#0, in equation (62) — (67), the outcomes of the generalized Lord and
Shulman photo-thermoelasticity model (PLS) with two temperatures are achieved.

If @ =0 in equation (62) — (67), the outcomes of MGTPT model is achieved.
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7. Numerical results and discussion.

MATLAB software is utilized to visually represent the impact of two different tempera-
tures and the MGTPT on silicon (Si) material. The theoretical findings are supported by the
physical data of silicon. This approach allows for a broad understanding of the effects and
behavior of silicon under varying temperature conditions, providing valuable insights into
its characteristics and performance.

2=3,64x10""Nm?; T, =300 K; 1 =5,46x10""Nm™; H, = 1Jm 'nb™';
£ =17,04x10°Nm?deg™; 1=5x107s; &, =-9x107"'m™; N, =10*m™;
p=2,33x10°kgm™; £, =8,838x10"*Fm™"; C, =695]kg"'K™"; E, =1,11eV;
K =150Wm'K™"; a; =3x10°K™"; K" =1,54x10°Ws; s, = 2ms™';
Dy =2,5x107m?%™"; H,=10°Col-cm™s™;,

to =47x107Hm™"; 6,=9,36x10°Col’C'ms™".

0.012
3
§ 0.009 \
S \ —— MGTPT with a = 0.02
£ \ - - ~MGTPT with a = 0.04
O ‘N PGN-IIl with a = 0.02
*qE) 0006 4. —-—- PGN-lIl with a = 0.04
g N:.
3 N
RS
Q
S 0.003-

0.000

0.0

Fig. 2. The radial displacement deviation with two temperature.

Fig. 2 shows how radial displacement u changes under different temperatures for both
the MGTPT and PGN-III theories. Radial displacement is observed to be minimum in the
MGTPT theory when temperatures do not vary. However, as the value of the two tempera-
ture factors increases, the radial displacement in the MGTPT theory also increases. Similar-
ly, the PGN-III theories exhibit a larger variance in the radial displacement, regardless of the
presence or absence of two temperatures. Furthermore, it has been observed that as the radi-
al distance increases, the radial displacement decreases. According to Fig. 3, both the
MGTPT and PGN-III theories are significantly affected by temperature variance. A higher
temperature distribution can be observed in the inner core of the cylinder than in its outer
core. Additionally, the presence of two temperatures leads to a higher dispersion of tempera-
ture throughout the system.
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Fig. 3. The temperature deviation with two temperature under various models.
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Fig. 4. The deviation in carrier density with two temperature under various models.

Fig. 4 illustrates the variation in carrier density for the MGTPT and PGN-III theories at
two different temperatures. Interestingly, it has been observed that the PGN-III theory dis-
plays a lower level of fluctuation in carrier density compared to the MGTPT theory when
there are no variations in temperature. Surprisingly, the PGN-III theory exhibits the highest
level of variance in carrier density overall. Moreover, as the radial distance r increases, there
is a significant reduction in the variance of carrier density for both theories. In Fig. 5 to Fig. 7,
the fluctuation in stress components for the MGTPT and PGN-III theories under two differ-
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ent temperatures is depicted. It is worth noting that the MGTPT theory generally shows less
variance in stress components compared to the PGN-III theory in the absence of temperature
variations. However, with an increase in the values of the two temperatures, there is a no-
ticeable rise in the stress components for both theories. Similar to the carrier density, as the
radial distance r grows, there is a substantial decrease in the variation of stress components
for both the MGTPT and PGN-III theories.

0.004
1 —— MGTPT with a = 0.02
LY - - ~MGTPT with a = 0.04
A T PGN-IIl with a = 0.02
8 —-—- PGN-IIl with a = 0.04
“ T ‘\~
5 0.002 .\_'_\.\_

ST L L e e S S TR e e

0.000 T T T T
0.0 02 04 0.6 0.8 1.0

r

Fig. 5. The variation in radial stress with two temperature for various models.
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2 e —— MGTPT with a = 0.02
5 00002 N - - —MGTPT with a = 0.04
R N PGN-IIl with a = 0.02
S Ty —-—- PGN-IIl with a = 0.04
N
0.0001 RN
0.0000 — s T
0.0 0.2 0.4 0.6 0.8 1.0

Fig. 6. The variation in hoop stress with two temperature for various models.
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Fig. 7. Deviation in the vertical stress for various models with two temperature.

8. Conclusions.

. The study introduces several photo-thermoelasticity models, with a focus on the
MGTPT model. Additionally, the GN-III model is included in the investigation to provide a
comprehensive analysis. In order to address the limitations of previous models, the general-
ized MGTPT model is utilized to explore the physical implications in depth. The study spe-
cifically explores the impact of two temperatures on an infinite semiconducting solid cylinder.

. The governing equations have been formulated through the application of the
MGTPT framework, which takes into account the presence of two temperature variables in the
analysis.

. Various thermoelastic theories with dual temperatures are illustrated graphically to
show-case their impact on displacement components, thermal stresses, carrier density, and
temperature fields. The graphs clearly indicate that the presence of two temperatures plays a
crucial role in the analyzed domains. The thermal effect is observed when semiconductor
materials are subjected to concentrated laser or sunlight beams, resulting in vibrations due to
the increase in temperature. As a result of their unique properties and performance charac-
teristics, semiconductor materials find wide uses in renewable energy, mainly in solar cells.

. Photothermal techniques offer a fundamental and dependable approach that can
provide valuable insights into the de-excitation of materials and the absorption of light.
Physicists, geophysicists, thermal engineers, and material designers can all benefit from the
concepts elucidated in this paper. Photo-thermoelasticity and thermodynamic challenges can
be addressed using the methodology applied in this study.

Nomenclature
8 Kronecker delta, S, Electronic deformation coefficient,
e Strain tensors(mm™), Cp Specific heat at constant strain,
T Photo-generated carrier lifetime, K; Materialistic constant,
Dy Carrier diffusion coefficients, € Cubical dilatation,
N, Carrier concentra.ti.on at equilibrium . Coupling parametc.er for thermal activa-
position, tion,



Au Lame’s elastic constants, T, Reference temperature s.t. |T/Ty| <<1,
By Thermal elastic coupling tensor, t Time,
P Medium density (Kgm), Q Angular frequency,
Eijk Permutation symbol, a; Two temperature parameter,
u; Components of displacement(m), 4 Conductive temperature,
a, Linear thermal expansion coefficient, 7 Thermal relaxation parameter,
Carrier density, E, Energy gap of rt:;:l :::;‘Ilr’iconductor pa-
ii Coefficient of Thermal conductivity, d, Coefficient of electronic deformation,
T Thermodynamic temperature, Oy Stress tensors (Nm2),
Sy Surface recombination velocity

PE3IOME. HaniBnpoBiguuii nwiiHap, skuit o06epraeTbes, JOCIIPKEHO B paMKaX (hOTOTEPMOIpYK-
HocTi. Ha uunmiHap aie eKCroHEHIIaIbHUI IMITYJIbC, IO MOJCIIOETHCS K 3MIHHUI TEIIOBHiT NOTIK. Buko-
PHUCTOBYIOThCS (DOTOTEIIOBI piBHAHHS Teronepenadi Mypa-I'iocona-Tommcona. Bonu BkiIr0uYaroTh 1BI
TeMIIepaTypH Ul OIIUCY OCHOBHHUX DIBHSAHB CHCTeMH. BHkopucToByeThcs neperBopeHHs Jlamiaca, 1o go-
3BOJIsIE OTPUMATH O eheKTUBHUI Ta TOUHUH PO3B’s130K. s po3paxyHKy KOMIIOHEHTIB 3MILlIEHHS, TycC-
THHH HOCIiB TeMIepaTypy, TCIUIOBHX HAIPY>KEeHb 1 TEMIIEPaTypPOIPOBIAHOCTI y (i3u4Hili 061acTi BUKOpHUC-
TOBYIOTBCSI METOAM 4ncenbHOI iHBepcii. Kpim Toro, nporpamue 3a6e3nedentss MATLAB BukopucToBy€eThCS
JUIS CTBOPEHHsI rpadivHuX 300pakeHb YCiX MmapameTpiB, 3alydeHux 10 gociimkenHs. i Bisyanizamii imroc-
TPYIOTh BIUIMB TEIUIOBOI peraKcanii Ta pisHUX Teopiil TepMOIPYKHOCTI, SKi PO3IIILAAOTH B TEMIIEPATypH.

KJIIOUOBI CJIOBA: HamiBmpoBiIHMHA LWIIHApP, JBI TeMnepaTtypH, Moau]iKoBaHUI TEII000MiH
Mypa-I'ibcona-TomIcoHa, eKCIIOHEH LI aIbHUI IMITYJIbC.

References.

1. Duhamel J.M.: Memories of the molecular actions developed by changes in temperatures in solids.
Mummy Div. Sav. (AcadSci Par.). 5, 440 — 498 (1938).

2. Biot M.A.: Thermoelasticity and Irreversible Thermodynamics. J. Appl. Phys. 27, 240 — 253 (1956).
https://doi.org/10.1063/1.1722351.

3. Cattaneo C.: A form of heat-conduction equations which eliminates the paradox of instantaneous
propagation. Comptes Rendus, Acad. Sci. Paris, Ser. II. 247, 431 — 433 (1958).

4. Vernotte P.: Les paradoxes de la theorie continue de 1’equation de lachaleur. Comptes Rendus, Acad. Sci.
Paris, Ser. II. 246, 3154 — 3155 (1958).

5. Vernotte P.: Some possible complications in the phenomena of thermal conduction. Comptes Rendus,
Acad. Sci. Paris, Ser. II. 252, 2190 — 2191 (1961).

6. Lord HW., Shulman Y.: A generalized dynamical theory of thermoelasticity. J. Mech. Phys. Solids. 15,
299 —309 (1967). https://doi.org/10.1016/0022-5096(67)90024-5.

7. Chen P.J., Gurtin M.E.: On a theory of heat conduction involving two temperatures. Zeitschrift fiir
Angew. Math. und Phys. ZAMP. 19, 614 — 627 (1968). https://doi.org/10.1007/BF01594969.

8. Green A.E., Lindsay K.A.: Thermoelasticity. J. Elast. 2, 1-7 (1972). https://doi.org/10.1007/BF00045689.

9. Dhaliwal R.S., Sheriff H.H.: Generalized Thermoelasticity for Anisotropic Media. Q. Appl. Math. 38, 1-8
(1980). https://doi.org/https://doi.org/10.1090/qam/575828.

10. Green A.E., Naghdi P.M.: A re-examination of the basic postulates of thermomechanics. Proc. R. Soc.
London. Ser. A Math. Phys. Sci. 432, 171 — 194 (1991). https://doi.org/10.1098/rspa.1991.0012.

11. Green A.E., Naghdi P.M.: On Undamped Heat Waves In An Elastic Solid. J. Therm. Stress. 15, 253 —
264 (1992). https://doi.org/10.1080/01495739208946136.

12. Green A.E., Naghdi P.M.: Thermoelasticity without energy dissipation. J. Elast. 31, 189 — 208 (1993).
https://doi.org/10.1007/BF00044969.

13. Lasiecka I., Wang X.: Moore-Gibson-Thompson equation with memory, part II: general decay of energy.
Anal. PDEs. 1 —22 (2015). https://doi.org/https://doi.org/10.48550/arXiv.1505.07525.

143



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27

28

Quintanilla R.: Moore — Gibson — Thompson thermoelasticity. Math. Mech. Solids. 24, 4020 — 4031
(2019). https://doi.org/https://doi.org/10.1177/1081286519862007.

Quintanilla R.: Moore-Gibson-Thompson thermoelasticity with two temperatures. Appl. Eng. Sci. 1,
100006 (2020). https://doi.org/10.1016/j.apples.2020.100006.

Ferndndez J.R., Quintanilla R.: Moore-Gibson-Thompson theory for thermoelastic dielectrics. Appl.
Math. Mech. 2021 422. 42, 309-316 (2021). https://doi.org/10.1007/S10483-021-2703-9.

Bazarra N., Ferndandez J.R., Quintanilla R.: Analysis of a Moore-Gibson-Thompson thermoelastic
problem. J. Comput. Appl. Math. 382, 113058 (2021). https://doi.org/10.1016/j.cam.2020.113058.

Kaur I, Singh K., Craciun E.-M.: A Mathematical Study of a Semiconducting Thermoelastic Rotating
Solid Cylinder with Modified Moore—Gibson—-Thompson Heat Transfer under the Hall Effect.
Mathematics. 10, 2386 (2022). https://doi.org/10.3390/math10142386.

Kaur, I, Lata, P., Singh, K.: Memory-dependent derivative approach on magneto-thermoelastic
https://doi.org/10.1186/s40712-020-00122-2transversely isotropic medium with two temperatures. Int.
J. Mech. Mater. Eng. 15, (2020).

Lata P., Kaur I., Singh K.: Deformation in transversely isotropic thermoelastic thin circular plate due to
multi-dual-phase-lag heat transfer and time-harmonic sources. Arab J. Basic Appl. Sci. 27, 259 — 269
(2020). https://doi.org/10.1080/25765299.2020.1781328.

Kaur I, Singh K.: A Study of Influence of Hall Effect in Semiconducting Spherical Shell with Moore-
Gibson-Thompson-Photo-Thermoelastic Model. Iran. J. Sci. Technol. Trans. Mech. Eng. (2022).
https://doi.org/10.1007/s40997-022-00532-x.

Kaur I, Singh K.: Plane wave in non-local semiconducting rotating media with Hall effect and
three-phase lag fractional order heat transfer. Int. J. Mech. Mater. Eng. 16, 1 — 16 (2021).
https://doi.org/10.1186/S40712-021-00137-3/FIGURES/16.

Kaur I, Singh K.: Modified Moore—Gibson-Thompson Thermoelastic Model with Hyperbolic Two
Temperatures Effect on Semiconducting Thermoelastic Solid Cylinder. Mech. Solids. 58, 17231737
(2023). https://doi.org/10.3103/S0025654423600745.

Kaur 1., Singh K., Craciun E.-M.: Moore — Gibson — Thompson Coupled Hygro-Photo-Thermoelastic
Solid Cylinder with Hyperbolic Two Temperatures. Mech. Solids. 58, 2197 — 2214 (2023).
https://doi.org/10.3103/S0025654423601799.

Singh K., Kaur I, Craciun E.-M.: Hygro-photo-thermoelastic solid cylinder under moisture and
thermal diffusivity with Moore-Gibson-Thompson theory. Discov. Mech. Eng. 2, 21 (2023).
https://doi.org/10.1007/s44245-023-00028-1.

Mahdy A.M.S., Lotfy K., Ahmed M.H., El-Bary A., Ismail E.A.: Electromagnetic Hall current effect and
fractional heat order for microtemperature photo-excited semiconductor medium with laser pulses.
Results Phys. 17, 103161 (2020). https://doi.org/10.1016/j.rinp.2020.103161.

. Abouelregal A.E., Atta D.: A rigid cylinder of a thermoelastic magnetic semiconductor material based on
the generalized Moore — Gibson — Thompson heat equation model. Appl. Phys. A Mater. Sci. Process.
128, 1 — 14 (2022). https://doi.org/10.1007/S00339-021-05240-Y/TABLES/7.

. William H. Press, Saul A. Teukolsky, Brian P. Flannery: Numerical recipes in Fortran. Cambridge

University Press, Cambridge (1980).

From the Editorial Board: The article corresponds completely to submitted manuscript.

Hapiiinra 03.03.2023 3aTtBepkeHa 10 apyky 16.04.2024

144



